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GROCERY WAREHOUSE \

LAYOUT and EQUIPMENT

for MAXIMUM PRODUCTIVITY
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PREFACE

This is one of a group of reports of research looking to greater effi-
ciency of handling groceries in warehouses. Previous reports were, "Methods

of Increasing Productivity in Modern Grocery Warehouses," Marketing Research
Report 9h; and "Methods of Increasing Labor Productivity in Multistory and
Small One-Floor Grocery Warehouses," Marketing Research Report lii2. During
the previous research, improved work methods were developed; however, in many
instances use of improved work methods was limited by the warehouse facility,
layout, and equipment.

Many food distributors look to the warehouse as a place to reduce their
operating costs. For this reason and because many wholesale food distributors
are planning to build new warehouses, remodel older warehouses, and purchase
new materials-handling equipment, this research and evaluation of alternative
warehouse layouts and equipment was undertaken.

The study on which this report is based is part of a broad program of re-
search aimed at expanding market outlets for food and reducing the cost of
marketing farm and food products, through various stages of the marketing sys-
tem. Because of the competitive nature of the food business, savings accom-
plished at the warehousing level will either be reflected in lower consumer
prices, increased producer returns, or both.
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GROCERY WAREHOUSE LAYOUT AND EQUIPMENT FOR MAXIMUM PRODUCTIVITY

By John C. Bouma and Arnold L. Lundquist
marketing specialists

Transportation and Facilities Branch
Agricultural Marketing Service

SUMMARY

A grocery warehouse should be designed to obtain the lowest operating
costs with due consideration given to construction costs. Square buildings
are less costly to construct than rectangular buildings because less wall is
necessary. Odd building shapes for grocery warehouses should be avoided be-
cause they are hard to organize for efficient use of labor and materials-
handling equipment. The grocery warehouse should be planned so it can be
expanded wnen business volume increases.

Bay size should be designed to fit a given number of pallets. A bay size

of hO x UO feet was found desirable for a pallet size of 32-inch face and U0-
inch depth, because with the square dimension it would, be possible to change
direction of warehouse aisles without the problem of support column spacing.

A warehouse aisle either 6-| or 10 feet wide can be used with this spacing.

Modern grocery warehouses should be designed with a minimum of 20 feet
of clear stacking height. The receiving dock at the rail siding should be U5
inches over the top of the rail and from h5 to 51 inches above the back-up
ramp at the truck dock, depending on motortruck-bed height. The docks should
be enclosed in the warehouse, with motortrucks and rail cars located either
inside or outside the warehouse, depending on the climate.

The office can be located at low cost over the shipping dock and truck
well, over the motortruck receiving dock and packing room, or over the garage.
The repack room should be located between the motortruck receiving dock and
the shipping dock. Since most repack items are received by truck, this loca-
tion would keep travel distance to a minimum. Lighting levels of around 25-
to 35-foot candles should be provided in warehouse aisles and docks.

Wooden pallets are used in grocery warehouses to provide a platform for
stacking 'merchandise, as well as a base for handling merchandise with forklift
trucks and pallet jacks. The straddle-type forklift truck was found better
suited in a 6^-foot aisle warehouse while the counterbalanced forklift truck
was more efficient in the 10-foot aisle warehouse.

To economically use order selector tow tractors, the warehouse must be
more than 50,000 square feet in size. With use of radio-controlled order



selectors, order filler production was 13 percent greater (159 cases compared

with lltl cases per man-hour) than use of tractors without radio control. Use
of a perimeter towline was less costly tnan towing orders to the shipping dock
with tractors, in warehouses having a business volume in excess of |20 million
annually or larger than 125, 000 square feet.

Merchandise normally received by rail car should be stored on the side of
the warehouse closest to the rail dock. Motortruck clocks should be located
near pallet racks and the repack room because items received by truck are nor-
mally stored in these areas. The docks should have sufficient depth to provide
a temporary block or storage area for accumulating merchandise to eliminate the
dependence of the palletizing crew on storing operations, and to separate order
assembly, checking, and loading. Merchandise should be placed in the grocery
warehouse in accordance with quantities received and sales velocity rather than in

commodity groupings. Fast moving merchandise should be placed near the ship-
ping dock if order fillers push selector trucks on the selection line.

It is advantageous to use a fixed slot system of merchandise placement,
because of the greater efficiency in receiving merchandise, fewer errors in
billing and assembly of orders, and better utilization of warehouse cubic
space when compared with the floating slot system.

With use of mechanical tow tractors and large retail orders, a long
selection line should be used. In warehouses of comparable size, business
volume, and with orders larger than 700 cases in size, order selection and
equipment cot>t averaged 0.93 cent per case with use of a long selection line
and tow tractors compared witn 1.08 cents per case with a short selection line
and pushing handtrucks manually. The short selection line was more efficient
for the assembly of small orders in warehouses of more than 100,000 square
feet size.

Labor costs are of greater importance than cost of land and building.

It is advantageous to use a 10-foot aisle in grocery warehouses having
a business volume in excess of $6 million annually. At an annual volume of
-
a b million, savings with use of a 6^-foot aisle would total more than $2,700
annually if the warehouse were operated during one shift; at an annual busi-
ness volume of &20 million, savings using a 10-foot aisle would total nearly
?13,000 annually; and with a business volume of $35 million, savings using a
10-foot aisle would total more than $28,000 annually.

The use of a master container for assembly and shipping of a 60-unit
order of repack room merchandise results in a production of lb3 units per man-
hour, compared with 113 units per man-hour for assembly of the merchandise and
packing it in cardboard boxes. With use of an assembly rack for assembly and
packing of 60-carton quantities of 12 brands of cigarettes, the time required
was reduced two-thirds from 6.80 to 2.25 minutes.

Merchandise flow and warehouse layout require constant review to meet
changing cusiness volumes, items handled, and to avoid delays in handling.
The flow of merchandise must be considered in receiving, order assembly, check-
ing and loading of delivery trucks.
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Warehouse layouts are presented for small, medium, and large size grocery
distributors. The layouts are based on inventories of approximately 3,000
grocery items, use of automatic tabulating equipment in the office, and an
annual inventory turnover of 16 to 18. In the layouts, support columns are
spaced at hO feet from center to center. Canopies are shown over the edge of
the ramp at the motortruck shipping and receiving docks. The motortruck ramps
and rail car siding should be enclosed in the warehouse where climatic con-

ditions are severe. Expansion areas are shown with the warehouse layouts for
the addition of perishables departments and additional grocery area.

INTRODUCTION

Efficient warehousing is important in moving food and other grocery store
items from producers and processors to the retail store and consumers at the

lowest possible cost. It involves unloading and receiving rail car and motor-
truck lots of merchandise, moving them into the warehouse storage locations,
the assembly of items in quantities ordered by retailers, and the loading of

delivery trucks. Approximately, li,000 items are stocked in the typical grocery
warehouse, and it is necessary that each of these items be available for the
assembly of retailer orders.

The continued rise in labor costs has resulted in many food distributors
looking to the warehouse as a place to reduce their operating costs. For this
reason, and because many food distributors are planning to build new warehouses,
remodel older warehouses, and purchase new materials -handling equipment, this
research and evaluation of alternative warehouse layouts and equipment was
undertaken.

Previous research reports describe how improved work methods, balanced
work crews, and better utilization of equipment would increase labor productiv-
ity in modern one-floor, multistory, and small one-floor grocery warehouses. 1/

It is often necessary to design and construct a new warehouse to make full use

of the best labor-saving equipment, methods, and flow.

The primary objectives of this study were: (1) To determine the most
advantageous place to locate the receiving and shipping docks, repack room,
offices, and support columns; (2) to evaluate the basic systems of order
selection line length, aisle width, fixed and floating slots, and to describe
the procedure for laying out and placing merchandise in the warehouse; (3) to
describe and evaluate the materials -handling equipment used in modern
grocery warehouses; and (h) to present warehouse layouts for a small, medium,
and large size grocery distributor to illustrate research findings.

Detailed studies were made in modern one-floor grocery warehouses ranging
from 60,000 to 175,000 square feet in size, having from $6 million to $35 mil-
lion annual sales volume. In some of these firms a towline was used to move

1/ Bouma, J. C. "Methods of Increasing Productivity in Modern Grocery
Warehouses," U. S. Dept. Agr. Mktg. Res. Rpt. 91* , 30 pp., June 1955. Bouma,
J. C. and Lundquist, A. L. "Methods of Increasing Labor Productivity j_n Multi-
story and Small One-Floor Grocery Warehouses" U. S. Dept. Agr. Mktg. Res. Rpt.
1U2, U2 pp., November 19a6.
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assembled orders to the shipping dock, in other firms order fillers pushed
assembled orders manually on Li-wheel trucks or used tow-tractors to pull
trains of U-wheel warehouse trucks to the shipping dock, in addition to the
detailed studies conducted in modern one-floor grocery warehouses, many com-
ments in this report are based on general observations made of warehousing
operations in numerous grocery warehouses located in various sections of the
country

o

Comparisons of different equipment and layouts in this report are based
on practices accepted and used by the trade. All comparisons of labor costs
are based on an assumed uniform wage rate of Iv2.01 per hour 2/ for warehouse-
men and an annual salary of $7,000 for warehouse superintendents.

WAREHOUSE DESIGN

The design of a grocery warehouse includes the shape of the building,
support column spacing, ceiling heights, location and height of receiving and
shipping docks, location of the office and repack room, and adequate lighting.
A food distributor planning to build, remodel, or change his grocery ware-
housing operation will obtain greater warehousing efficiency through extensive
planning of all details. Some food distributors have found it beneficial to
tour new warehouses and to discuss operating problems with the management of

the firms visited to obtain suggestions for planning. If all of the plans are
made for the building, merchandise placement, and equipment ahead of actual
construction, many operational problems in the new warehouse can be avoided.

Shape of Building

A new warehouse should be designed on the basis of using good materials-
handling principles and so it can be expanded without interfering with the use

of these principles or cnanging the basic building shape. Square buildings
are less costly to construct than rectangular buildings covering the same
area because the perimeter is shorter and therefore less wall is necessary
for a given square footage and cubic area.

Odd building shapes such as the "U" and the "L" should be avoided for
grocery warehouses. These buildings are nard to organize for efficient use

of labor and materials-handling equipment. A building site that is too nar-
row should be avoided because the building can only be expanded in one direc-
tion. This would increase the ratio of length to width, and thus increase
operating costs.

Examples of an "L"- and "U" -shaped, and a long narrow warehouse are given
to show how these shapes result in increased materials-handling cost. Figure 1

illustrates an L-shaped grocery warehouse. With the shipping dock on

2/ Weighted composite earnings in food processing, wholesale trade, and

retail food stores, calculated from data of Department of Labor. "Average

Hourly Earnings of Food Marketing Employees," The Marketing and Transportation

Situation, MTS-132, USOA, January 1959.
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Figure 1.—An L-shaped warehouse.

bailding side " C" , a long travel distance is required with merchandise select-
ed from pallet racks on side "B" near the rail receiving dock. Also, with this
layout a long travel distance is required to move merchandise received by rail
car to the two or three deep slots where such merchandise is normally stored.

Figure 2 shows a LT-shaped warehouse building with truck receiving and
shipping docks located in the open end of the "J". The grocer^/ selection area
is 65> by 208 feet, and it is necessary to move repacked items and frozen food
a considerable distance for composite loading.

The original measurements of the long narrow warehouse shown in figure 3

were 300 by 60 feet or a ratio of 5 to 1. Six additions have been made to the

original warehouse and present dimensions are 7U0 by 60 feet. A total of 29
warehousemen working two shifts handle the merchandise into and out of the

warehouse on conveyor lines. The annual grocery business volume totals #10
million, but warehousing cost has become almost prohibitive. With use of a

single conveyor line system it was nearly impossible to move all of the mer-
chandise into and out of the warehouse within a 21i-hour period on heavy volume
days. The firm had reached the saturation point for its single conveyor line
and the building was of little value for future needs of the company. It was
not properly planned for expansion or for use with other materials-handling
equipment.
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Figure 2.—A U-shaped warehouse.
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-A long-narrow grocery warehouse.
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With the present building shape and the low ceiling height it would not

be practical to use this warehouse with any materials -handling equipment other
than conveyor lines. If the company had properly planned facility requirements
several years ago, the initial construction and the numerous additions to the
warehouse could have been made to contribute to the warehousing needs of the
company when other materials -handling equipment is needed.

Support Column Spacing

Warehouse support column spacing is influenced by the following factors:
Minimizing interference in aisles and storage areas; construction costs; pallet
size; the direction of warehouse aisles and storage areas; and aisle width.

The support columns should be spaced so as to interfere as little as pos-
sible with the storing of merchandise or use of aisles. While many warehouse
operators would prefer to have no support columns in the warehouse, construc-
tion costs without support columns are too expensive for food distribution
enterprises. Figure h shows a warehouse layout with support columns spaced UO
by hO feet. With the standard pallet size of 32-inch face (side of pallet
boarding the aisle) and IiO-inch depth, the column spacing parallel to the

aisles would be some multiple of 3 feet, plus 1 foot. Assuming 13 pallet spac-
ings are desired between support columns, a space of IiO feet would be provided
(table 1). A larger or smaller number of pallet facings (the number of pallets
bordering the aisle) can be provided between the support columns by adding to
or subtracting from the space between columns, 3 feet for each pallet facingo

3-0-

SECTION A A

:ole of FeelSec

F=S=
I

in a

m
A A k—40' -0- Support Column-

Scale of Feet
6 24

I I I 1 d
16 32

U.S. DEPARTMENT OF AGRICU LTURE NEG 7036-59(2) AGRICULTURAL MARKETING SERVICE

Figure i|.~A. warehouse layout with support columns spaced kO by i|0 feet.
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Table 1.—A method for computing support column spacing parallel with the
aisle with a pallet size of 32 by hD inches

Item

13 pallets . .

.

Hi clearances,
1 column.

Total inches

Allowance : Total

Inches Inches

h %
8 8

"17

—

Wo

1/ Add or subtract any multiple of 36 inches until the desired dimension is

reached.

Pallet sizes other than 32-inch facing and l;0-inch depth would require a
different dimension than shown in table 1 for spacing column supports. It is
advantageous to have support columns in a square pattern so the direction of
aisles in the warehouse can be changed without encountering problems of sup-
port column spacing. Column spacing perpendicular to the aisle could thus be

UO feet. 3/ With existing forklift trucks two basic aisle widths, either 78
or 120 inches, can be used in the warehouse and either width can be used with
a bay size bP by 1|0 feet.

In planning support column spacing it would be necessary to review the
problem with an architect to determine the relative cost of different support
column spacings.

Ceiling Height in the Warehouse

The optimum stacking height for groceries and, thus, the warehouse ceiling
height, is limited by two factors: The height that merchandise may be piled
before its weight will cause damage to the bottom layers, and the limit to

which materials-handling equipment can be used effectively. Host items in the

grocery warehouse can be stacked to a height of 20 feet without excessive mer-
chandise damage. The proper materials -handling equipment can effectively stack
merchandise to this height.

The grocery warehouse should have 20 feet of clear stacking height with
all structural members above that level. Cross bracing at the oottom chord of

a roof truss is an illustration of an item that should be above the 20-foot
level. If the ceiling height is 20 feet and the truss takes 18 inches, cross

bracing reduces the effective stacking height to only 18^ feet. Since a typical
pallet load of merchandise is k feet high, a clear stacking height of 18J feet
could be of little more value than a clear stacking height of 16 feet.

3/ Use of a liO- by U0-foot column spacing is satisfactory as shown in the
layouts, figs, h, 36, ^37, and 38,
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Vertical expansion of the warehousing facility is usually less expensive

than horizontal expansion. The cost of additional concrete flooring and roof-
ing for horizontal expansion is more expensive than placing merchandise higher

in the building. The term "vertical expansion" as used here refers to the
addition of stacking height to a modern one-story warehouse and not to the ad-
dition of more floors to the existing structure.

To make efficient use of the area available with 20 feet of clear stack-
ing height, it is essential to use forklift trucks capable of servicing the
top pallet of merchandise. This requires a forklift with approximately 200
inches of reach in a warehouse having a clear stacking height of 20 feet.
Failure to use a forklift truck with sufficient reach will cause double han-
dling of merchandise in storing and removing merchandise from storage.

Receiving and Shipping Docks

The height of the receiving and shipping docks should be approximately
the same as the height of the floor of the rail car and truck. If tne differ-
ence between the two levels is not too L4reat it can be safely bridged with a
dockboard. The dock slab height should be adjusted to loaded truck height, so

when the truck is empty its floor will be slightly higher than the dock. This
is desirable because in ramping down into a truck the dockboard has to extend
well into the body of the truck, thus taking up space needed for placing the

merchandise. The platform height for trucks will range from k5 to 5l incnes
above the back-up ramp floor level, depending on the type of truck used.

Figure 5 shows a delivery trailer
at the dock ready for loading. The
trailer floor is about one inch higher
than the dock, and warehouse selector
trucks can be pushed into the trailer
without difficulty. The dockboard
covers very little of the trailer floor
space.

The same principle applies to the
rail car siding. The rail dock should
be about US inches over the top of the
rail and have 102 inches between the
center line of the track and the edge
of the dock. A dock in this position
will be level with the floor of freight
cars and with proper dockboards wil]
accommodate refrigerator cars. When
double rail sidings are necessary, the
two rail centers should be kept far
enough apart, about 12 feet, to allow the doors of the two cars to be opened.
In this way the off car can be worked through the near one.

BN-8182-X

Figure £.—A delivery trailer at a
dock built at the proper level.

Docks should have sufficient depth to provide a "temporary block" or a

temporary holding area between palletizing and forklift storage and between

- 9 -



order assembly and loading operations. Sufficient temporary block area would
be provided with a dock 50 feet deep for snipping and lj.0 feet deep for motor-

truck receiving. Sufficient room also should be provided on the shipping dock
for moving between warehouse trucks for checking the merchandise before it is

loaded on delivery tracks.

With warehouse selector trucks measuring 3 by 5 feet, approximately 5 by
6 feet should be provided per truck to provide room for checking the merchan-
dise. A motortruck trailer could be serviced by two lines of it-wheel ware-
house tracks. With a dock depth of $0 feet and an average u-wheel selector
truckload of 35 cases of merchandise, this 2-line arrangement could hold up

fourteen U-wheel warehouse trucks or k^O cases of merchandise at one time and,

since not all delivery trucks are loaded simultaneously, adequate temporary
block area would be provided.

For motortruck receiving, the same area 1|0 feet deep could hold three
rows of 12-deep 32- by uG-inch pallets, Assuming that each pallet holds 2$
cases of merchandise, the temporary block area would hold up to o75 cases

and would provide sufficient temporary block area. Since the dock at the rail
siding runs with the length of the cars, a dock approximately 1$ feet wide usu-
ally provide sufficient temporary block and transportation area.

The type of dock to be used depends primarily on climatic conditions.
Where quality of product may be affected adversely by subfreezing temperatures,
the dock and siding should be enclosed in the warehouse (fig. 6) with pull-
down type doors to permit access for rail cars and trucks. With a mild cli-
mate and limited building funds, it is preferable to enclose the docks with
trucks and rail cars spotted at the doors on the warehouse exterior. Some
warehousemen locate the truck or rail car at the doors on the warehouse ex-

terior and extend a canopy out from the roof of the building to provide par-
tial protection from inclement weather when unloading. This type of protection

can be furnished at a cost lower than enclosing docks and ramp areas within
the warehouse building „ In some warehouses the dock was on the exterior of

the building and had a roof extending to the edge of the dock (fig. 7). Ob-
servations made during the studies indicated a dock of this type is not
entirely satisfactory in many areas of the United States because: (l) Wide
temperature fluctuations influence labor productivity in the cars, trucks,
and on the dock; (2) moisture accumulation on the dock may result in haz-
ardous working conditions ; (3) doors remaining open at the dock add to the
expense of heating the warehouse; and (u) temperature and humidity may cause
damage to the product. At the same time, with a dock on the warehouse ex-
terior it is not necessary to spot rail cars at particular doors, and more
rail cars could be positioned at the dock.

The enclosed dock has the following advantages over an outside dock: (l)lt
may be used for temporary storage of merchandise regardless of weather con-
ditions; (2) it protects warehouse merchandise from extremes of temperature
and precipitation; (3) it will not be necessary to clear the dock of all mer-
chandise at the end of the day to avoid pilferage; (k) dunnage and trash will
not be as likely to accumulate inside the building; and (5) employee health
and productivity will be improved when working inside the building at a fairly
constant temperature. These advantages, however, must be weighed against

- 10 -



BN-8193-X

Figure 6.—A rail receiving dock and siding within
the warehouse.

BN-8188-X

Figure 7.—A rail receiving dock and siding out-
side the warehouse.
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increased building costs for enclosing the rail siding in the warehouse or the

difficulty of getting cars spotted at the proper doors if the rail siding is

outside the building «,

Locating the Office

The office area normally includes a reception room, administrative and
buying offices, tabulating equipment room, general office space, a lunchroom
or cafeteria, and space for the advertising, store engineering, and sales de-
partments •

The office can be located above the shipping dock and truck well, over
the motortruck receiving dock, repack room, or over the warehouse garage. It
should be located for easy access by employees and have outside light. These
locations would not interfere with the movement of groceries, since 20 feet of
stacking height is not needed in these locations and would probably be the

lowest cost location.

The tabulating department should have convenient access to the warehouse
shipping and receiving offices for transmission of store orders and receiving
records. Since the tabulating department cannot be physically located for
immediate access for both receiving and shipping, these locations are usually
connected by telephone and vacuum tubes for transmitting invoices, bills of

lading, and other records.

Location for the Repack Room

Merchandise handled in the repack room usually includes those items deliv-
ered to retail stores in smaller quantities than the unit packed by processors
or manufacturers, items packed in small cases, and items of relatively high
unit value. Typical items handled in the repack room are spices, candy, health
and beauty aids, school supplies, and tobacco.

It is usually advantageous to locate the repack room between the motor-
truck receiving dock and shipping dock to keep travel distance to a minimum
since most of the repack items are received by truck. Warehouse transportation
for repack merchandise is usually by perimeter towline or by tow tractors that
move assembled repack orders to the dock along with regular orders.

The repack room is usually enclosed for security because the items handled
have a high unit value, are small, are jtored in less than case lots and are
susceptible to pilferage. One man should be responsible for security of the
packing room. A wire-mesh screen is frequently used to separate the repack
room from the other parts of the warehouse (fig. 6). Merchandise in the re-
pack room is usually hand piled on shelves to a height of 8 to 10 feet, no
pallets are used, and the area above the height of 10 feet can be used for

offices,.

- 12 -



Figure 8.—A repack room enclosed for security,

Lighting \x/

•BW18WC

Adequate lighting in the grocery warehouse permits easy seeing in storage
areas, faster location of merchandise and quick and accurate checking of paper-
work associated with merchandise handling. Good lighting also contributes to
safety of pedestrians and materials -handling equipment in aisles by quickly
making visible moving elements that enter aisles from behind rows of merchan-
dise. Experience also shows that well-lighted storage and work areas are usu-

ally " kept neater by employees, resulting in improved employee morale and
greater pride in the warehouses

Lighting engineers recommend lighting levels of 25- to 35-foot candles for
seeing tasks. The illumination should be as uniform as possible, since the

seeing tasks are spread over the entire warehouse area. In traffic areas,
similar illumination levels are adequate to assure quick seeing and identifi-
cation of obstacles. In shipping and receiving areas, the seeing tasks are
similar to those in storage areas; identification of merchandise and checking
of shipping orders and bills of lading. Therefore, 25- or 35-foot candles of
illumination are also desirable in these areas. In addition, some provision
should be made to get light into the interiors of trucks and railroad cars at
docks and sidings.

Fluorescent lamps, rather than incandescent filament lamps, are used more
extensively for warehouse lighting because they can be installed at lower
mounting heights, and their linear form conforms wpTI to the desired pattern

h/ This section is based on data developed by General Electric Company,

Cleveland, Ohio.
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of light distribution. For equal illumination levels, fluorescent lighting
systems usually cost more to install than incandescent systems, but their high
efficiency and long life offset this with lower operating costs.

The major factor in determining layout of fluorescent lighting equipment
in a warehouse is the layout of aisles and the storage areas « When the loca-
tion of aisles has been determined, the lighting systems can be located with
comparative simplicity. The height of the fixtures should be sufficient to
comfortably clear the highest reach of loaded materials-handling equipment used
in the warehouse, or 20 feet high.

Since individually spaced fixtures require a separate outlet for each fix-
ture, it is usually more economical in installation labor costs to have con-
tinuous rows of fixtures mounted end-to-end. The continuous wiring thus allows
one outlet to supply all fixtures in the row and produces more illumination of
greater uniformity, which is desirable in producing better seeing conditions,.

At docks and sidings, sealed flood lamps mounted on the walls are used to

light the interiors of trucks and railroad cars. Figure 9 shows wall-mounted
flood lamps used at the loading dock to light the interior of delivery trucks.
Standard outdoor flood lights might also be used for this purpose. Trouble
light fixtures on retractable cords can be used to hang inside the trucks or
rail cars; however, care should be taken to remove the lights before the ve-
hicles leave the dock.

BN-8201-X

Figure 9 . —Wall-mounted flood lamps used to light the interior of delivery
trucks

.
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Maintenance plans should be included in considering the lighting system,

since lamp changing and fixture cleaning involve considerable labor costs. A
regular cleaning schedule should be established, and consideration should be

given to group relamping. Group relamping is the practice of changing all

lamps at once at about 80 to 90 percent of rated life, which greatly reduces
the labor cost in lamp replacement. The mounting height for fixtures should
be such that the cleaning and relamping of the fixtures can be done from plat-
forms placed on forklift trucks.

MATERIALS-HANDLING EQUIPMENT USED IN MODERN WAREHOUSES

An important part of the overall warehousing operation when planning for
maximum productivity in a new warehouse is the materials-handling equipment to
use. This includes pallets, pallet racks, forklift trucks, pallet jacks,

order-selector trucks, order-selector tractors, towlines, dock boards, and con-

veyor lines. The choice of equipment will depend upon cost and the advantages
to be gained with use of the equipment in conjunction with a particular ware-
house design and. aisle widtho

Pallets

Wooden pallets used in grocery warehouses provide a platform for stacking
merchandise, as well as a base for handling merchandise with forklift trucks
and pallet jacks. Merchandise stacked on pallets is usually placed in inter-
locking patterns to make the load stable for handling and high stacking*
Pallets are usually constructed with hardwood lumber held together with spe-
cial cement coated screw-type nails. Pallet classifications include: Revers-
ible or nonreversible 5 2-way or U-way entry; and wing type or flush type.
These pallet types are shown in figure 10.

A reversible pallet is one with sufficient cross members for stacking mer-
chandise on either side. A nonreversible pallet is one with cross members
close together on the top for stacking merchandise and with a wider space be-
tween cross members on the bottom to allow entry for wheels of pallet jacks.

Two-way entry means that the pallet may be engaged by the forklift or pallet
jack only from the ends, whereas U-way entry means that the pallet can be en-
tered from the ends and sides.

The wing type pallet is designed for 2-way entry with either forklift or
pallet jack. Cross members of the pallet extend out over the edges of the

stringers on the top, and are usually used with the straddle-type forklift
trucks. The flush-type pallet has the cross members ending flush with the

outside edge of the stringers, may have either 2-way or U-way entry, and is

usually used with counter-balanced and reach-type forklift trucks

„

The standard pallet sizes for use in grocery warehousing are 32-inch face
by UO-inch depth and U8-inch face by UO-inch depth. They have the same depth
and since the facing of the larger size pallet is 1§ times that of the smaller
size pallet, the two sizes can be used interchangeably. The H8- by UO-inch
pallet is used for handling and storing the bulky fast moving merchandise, such
as paper products and breakfast cereals.
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REVERSIBLE NONREVERSIBLE

4-WAY CUT STRINGER

U S DEPARTMENT OF AGRICULTURE

2-WAY WING-TYPE

NEG 7037-59 (2) A MS

Figure 10.—Types of pallets used in grocery ware-
houses .

Pallet Racks

Pallet racks are used to increase the number of selection fronts on the
assembly line. Merchandise placed in pallet racks is usually received into
the warehouse in quantities of three pallets or less with order selection made
from either two or three levels. Merchandise for reserve storage is usually
placed on top of the racks and the quantity that can be placed on reserve stor-
age is dependent upon the clear stacking height available on top of the racks,
the load limit of the racks, and the mast height on forklift trucks used.

Most pallet racks are constructed of steel sections with either two or
three pallet facings to the section. They can be dismantled and moved easily
to fit changes in warehouse layout. Steel racks provide a stable base upon
which palletized merchandise can be placed.

Steel pallet racks for grocery warehousing are manufactured for either 2-

or 3-tier assemblies. Figure 11 shows an order filler making a selection in a

2-tier pallet rack. The 2-tier rack usually provides hi inches of clear stack-

ing height per tier. The 3-tier rack provides from 22 to 29 inches clear stack-

ing height on the top tier. The bed level of the third tier of a 3-tier pallet

rack is from 67 to 75 inches above the floor level, making it difficult for

order selectors to reach the merchandise (fig. 12). A £-high block of pallet-

ized cases of #303 merchandise requires a stacking height of h$ inches, hence

the clearance in a 3-tier rack is not enough to handle the normal pallet load of

merchandise.
- 16 -



BN-8192-X

Figure 11.—Selecting merchandise from
the upper tier of a 2-tier pallet
rack by a man of medium height.

BN-8200-X

Figure 12.—Selecting merchandise from
the third tier of a 3-tier pallet
rack by a man of medium height.

Forklift Trucks

Forklift trucks are used to move palletized merchandise from one location
to another and to high stack merchandise in the warehouse. They are classified
as counter-balanced and straddle types. Use of forklift trucks is generally
limited to modern, 1-floor warehouses with concrete floors, although some multi-
story buildings have floors that will support the weight of a forklift truck.

The counter-balanced fork (fig. 13) is heavier than the straddle-type
(fig. 13), and requires an aisle of from 9 to 10 feet wide for right angle
stacking because it has a wider turning radius than the straddle-type forklift.
The mast on the counter-balanced forks can be tilted backwards 10 degrees and
forward as much as 5 degrees.

The straddle-type forklift can operate in a warehouse aisle 6 to 7 feet
wide because it has a shorter length than the counter-balanced machine. The
operator on a straddle-type forklift usually works in a standing position. It
is necessary to use either a wing-type pallet or provide a 6-inch space between
each pallet of the flush type for entry of the front wheels of the forklift.

A variation of the straddle-type forklift is the reach-type forklift truck
which will operate with a flush-type pallet. The reach-type fork has a short
wheel base and a scissor-type extender fork for reaching into the stack to pick

up or deposit a pallet load of merchandise. Hence, the reach-type fork
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BN-8191-X BN-8183-X

figure 13.—A counter-balanced forklift truck (left) and a straddle-type fork-

lift truck (right).

operates from the aisle and does not require the placing of pallets as far apart

or the use of wing-type pallets as is required with the straddle fork.

Forklift trucks are designed to handle pallet loads up to U>000 pounds and
pallet sizes up to U8 by I4.8 inches. Forks will elevate merchandise as high as

210 inches above floor level. The trucks can travel at a speed of more than $
miles per hour. Forklift trucks of 2,000-pound capacity are used by most whole-
sale food distributors.

Forklift trucks can also be classified by the kind of fuel used. Counter-
balanced forklifts will operate with any one of the following: Gasoline, liq-
uefied petroleum gas, or electric storage battery. The straddle and reach-
type forklifts usually operate with electric storage batteries. Forklift trucks
built with internal combustion engines have a lower initial cost than comparable
units operating xd.th electric batteries (table 5). While counter-balanced fork-
lift trucks operating with internal combustion engines have lower initial cost
than comparable units operating from electric storage batteries, they have the
disadvantage of producing fumes in the warehouse. With use of either gasoline
or liquefied petroleum gas it is necessary to provide adequate ventilation in
the warehouse. Widespread use of liquefied petroleum or "bottle gas" as fuel
for forklift trucks has become prevalent in the past few years.

Forklift trucks operating with gasoline can be converted to operate with
liquefied petroleum gas with installation of a relatively inexpensive conver-
sion kit. Warehouse operators using liquefied petroleum gas report the follow-
ing advantages in comparison with gasoline: (1) Reduced engine maintenance
because there is less carbon deposited in the engine, (2) decreased smoke and odor
in the warehouse, and (3) lower operating cost.
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Among the advantages of forklift trucks operating with internal combus-

tion engines compared with electrically operated machines are: (1) Lower ini-
tial cost, (2) less time required for refueling with a possible continuous use

of 2k hours per day, and (3) greater speed for horizontal movement and lifting*

Some advantages of electrically operated forklift trucks are: (1) No ex-
haust fumes, (2) less mechanical maintenance, and (3) lower fuel cost (table

f>) . Electrically powered equipment is normally used in areas with little out-
side air circulation such as in coolers and freezers. Greater initial cost is

experienced with battery-powered forklift trucks because of the cost of elec-
tric storage batteries and charging units necessary with the forklift. If

electric forklift trucks are to be used for more than 8 hours of continuous
running, it is necessary to have extra storage batteries that can be trans-
ferred into the forklifts when the batteries in use become weak. Figure lij.

shows a number of battery racks with spare storage batteries being charged on
them. The battery racks are built with roller conveyors on the bottom to

facilitate transfer of the batteries into the forklift, which also has roller
conveyors on the bottom of the battery compartment*

BN-8197-X

Figure lii.—Battery racks equipped with roller conveyors to facili-
tate battery transfer in forklift trucks.
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Pallet Jacks

Pallet jacks supplement work done with forklift trucks. They are used to
move merchandise horizontally for short distances, as in receiving, where pal-
let loads of merchandise are moved from the rail car or truck to the temporary
holding area on the dock.

Pallet jacks are operated manually or with electric power and electri-
cally-powered jacks are either walkie- or rider-type. They are used by men
palletizing merchandise, thus eliminating dependence of the unloading crew on
the forklift truck. 5/ Movement of a pallet load of merchandise is accom-
plished by lifting il approximately h inches with the pallet jack to clear the
floor. Figure 15 shows an electrically-powered walkie-type pallet jack with a
pallet load of merchandise in the raised position.

BN-8186-X

Figure 15.—An electrically operated pallet jack.

In one of the firms studied, the receiving clerk moved palletized mer-
chandise into the warehouse loadline with a walkie-type electric pallet jack,
but he was not busy all of the time. Analysis of the operation led to the de-

cision to try a walkie-type electrically-powered forklift truck to place

5/ Bouma, J. C, "Methods of Increasing Productivity in Modern Grocery
Warehouses," USDA, Mktg. ftes. Rpt. 9k, June 19«5$, p. 3.
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merchandise in the loadline two pallets high. A walkie-type eiec"Dricaj.±y-

powered forklift truck was obtained on a trial basis for comparison with the

low-lift pallet jack. The results of this comparison are shown in table 2.

Table 2.—Time required to move merchandise into a loadline with an
electric pallet jack and a walkie-type forklift

Item
Electric pallet jack and
regular forklift truck

Walkie-type forklift
truck

Get pallet load of merchan-
dise in truck, place in
loadline, and return to
truck for next pallet load

Get pallet load of merchan-
dise and place 2-high in
loadline

Average time required to
place every other pallet
load 2-high in loadline

Man-minutes \j

0.72

1.19

.96

Man-minutes l/

1.18

2.11

1.61*

l/ Includes a 15 percent personal and fatigue allowance.

A counter-oalanced forklift truck placed one pallet above another on the
receiving dock in 0.U7 minute, as compared with 0.93 minute with the walkie-
type forklift truck, although the receiving clerk would be doing this job
rather than the forklift driver, who was storing the merchandise. The walkie-
type electrically-powered forklift truck was not found practical for use on the
receiving dock because it was too heavy for entering the smaller motortrucks
and was too slow in moving from the truck to the dock and for lifting one pal-
let above another when compared with use of other equipment.

Order Selector Trucks

Order selector trucks used in modern grocery warehouses may be pushed man-
ually or may be part of a tractor train. A pallet may be placed on a ii-wheel
handtruck for assembly of merchandise on the pallet as was done at two of the
warehouses studied. Figure 16 shows order selector trucks with pallet loads of
merchandise assembled on them.

The U-wheel order-selector truck is probably used more in grocery ware-
houses than any other piece of materials-handling equipment. It has the follow-
ing advantages when compared with other materials-handling equipment: (l) Low
initial cost; (2) low maintenance cost; and (3) flexibility, in that it can be
used wherever it is necessary to transport merchandise. The size of the order-
selector truck is largely determined by warehouse aisle width so that order
selectors may pass each other as well as forklift trucks in the aisle.
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The size of order-selector trucks
used most frequently in ware-
houses with aisles 9 to 10 feet
wide is 36 inches wide by 60 inches
long* Order selector trucks were
usually 30 inches wide by 60 inches
long in warehouses with aisles 6§-

feet wide.

Tires on selector trucks that
are pushed manually should be made
of plastic rather than rubber or
steel. Rubber tires become soft
as they age, thus making the selec-
tor truck hard to. pushj however,
they work satisfactorily on selec-
tor trucks pulled by tractors.
Steel wheels on materials-handling
equipment will seriously damage a
concrete floor.

Order Selector Tractors
BN-8187-X

Figure 16.—Merchandise assembled on
pallets placed on U-wheel selector
trucks

.

Order selector tractors en-
able the order selection operation
in large volume warehouses to be
performed more efficiently because the tractor will tow as many as five selec-
tor trucks along the order selection route (fig. 17). Equivalent manpower re-
quirements to do the job would require four or five men. 6/ Travel is also
faster because the order-selector tractor towing loaded selector trucks has a
forward speed of more than k miles per hour, as compared with a speed of less
than two miles per hour for pushing a loaded k-wheel hand-truck manually.
Order filler travel distances determine when it is more advantageous to use
tractors and trains of selector trucks. Usually their use is not justified in
warehouses of less than 50,000 square feet in size.

Order-selector tractors can also be used for moving loaded order-filler
trucks to the shipping dock if the warehouse facility does not have a towline.

Tbey are powered by gasoline, liquefied petroleum gas, or electric batteries.
The discussion of the relative advantages and disadvantages of sources of power
given in the section on forklift trucks also applies to order selector tractors.

A modification of the battery-operated tractor is a tow tractor developed
to operate by radio control. The operation of this machine is described in
Marketing Research Report 9U-

j/ For production data with use of a tractor and when pushing a k-wheel
handtruck manually in the warehouse order selecting operation, see Bouma, J. C,
"Methods of Increasing Productivity in Modern Grocery Warehouses," USDA, MRR 9h»
30 pp. June 1955, page 7.
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BN-8181-X

Figure 17.—An order-selector tractor with a train of
selector trucks for assembling retailer orders.

Since the publication of this report, additional studies have been made
of the productivity of order fillers with radio control tow tractors as com-
pared with regular tow tractors and the results are shown in table 3.

Table 3.—Productivity of order fillers in the same (or comparable)
warehouses with regular and radio-controlled order filler tractors 9

by order size

"Regular tow tractors % Radio-•controlled tractors
$0. of :

•
% No. of ; ;

Order size: orders %
Average . Production

• orders . Average . Product

time :
order . per

: time . order . per

studied; size .
•

man-hour
s studied

size man-hour

: No. Cases Cases s No. Cases Cases

Jnder 30..

s

:

"~5
15 61* :

~"5 —25" —8o~

30 - 59..: : 7 U7 80 : 3 au 10I*

60 - 99.. ! 11 87 nil : 7 83 121
100 -11*9.. i : 15 121* 129 : 5 123 135
150 -199.. h 169 lii6 : 3 161 11*9

200 -299.. t 5 21+2 155 :' 5 220 161*

300 -399.. : 7 370 162 : 6 325 186
1*00 -k99.. h hhO 169 : 3 U52 190

500 -71*9.. : 11 705 187 : h 617 218

750 or more: 7 997 212 : 6 987 21*8

Total or
weighted
average

i 77 31U mi : U8 308 159

.23 -



With the radio-control tractors, order filler production is greater be-

cause it is not necessary to waljk up to the tractor to move it forward and re-

turn to select merchandise. The average time required to walk up to the

tractor and return to the selection point was 0.06 minute each time the tractor

was moved. With use of the radio-control tractor, order filler production aver-

aged 13 percent more (lf>9 cases per hour compared with 3J4I cases) than when

radio-control units were not used. With the radio-control unit an order filler

will produce more in an 8-hour day than he would in a 9-hour day with a regular

tow tractor.

Towlines

The towline consists of a motor-driven endless chain located either below
the floor or overhead to which U-wheel selector trucks may be attached at reg-
ular intervals. The towline overcomes the disadvantage of the relatively
small weight and bulk that can be handled with a single U-wheel handtruck.

Towlines are built to tow the selector trucks through the order assembly
area so the order fillers can place merchandise on the selector truck as it
passes items ordered j to tow loaded and empty selector trucks from the assembly
area to the shipping dock; and to move merchandise received by motortruck and
rail car close to the stacking point in the warehouse (fig. 18).

A towline that is routed through the selection area has the following
disadvantages? (1) Its speed is too fast for order fillers to select merchan-
dise while the selector truck is attached to it and too slow for moving from
one selection point to the next| and (2) the layout of the assembly area can-
not be changed without considerable expense because of the towline instal-
lation.

BN-8198-X BN-8190-X

Figure 18.—A perimeter towline used to move assembled orders to the shipping

dock (left) and used for receiving merchandise (right)

•
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The perimeter towline has the advantage that order filler production is

not geared to the speed of the towline. Both types of towlines share the fol-

lowing advantages: (l) Elimination of the need for order fillers to travel to

the shipping dock with loaded ii-wheel selector trucks and to obtain empty-

trucks; (2) reduction of confusion and improvement of work flow on the shipping
dock; and (3) order fillers can remain in the assembly area at all times. Dis-
advantages of both types of towline are: (1) Initial cost of the equipment; and

(2) required aisle space.

A recent development used as a towline is an electrically-controlled trac-
tor that follows automatically without a physical connection along a guide wire
strung overhead, or taped to, or buried in the floor. This is a trackless trac-
tor system with no visible chain overhead or in the floor and moves without an
operator. The tractor is capable of towing five loaded selector trucks. The
radio waves that control the tractor are transmitted by signal boxes installed
throughout the warehouse, or at either end of the route. A tractor is called
by pressing a button, and it will come immediately to the station from which
the signal originated. These automatic tractors have a lower initial cost than
a towline (table 5) , and may be set up or rerouted in a comparatively short
time if the wire is not buried in a concrete floor. Some distributors are re-
porting good results with use of these tractors, although they have been avail-
able on the market for only a short time.

It is estimated that a perimeter towline saves the equivalent of one man
in the shipping department on each shift, compared with moving assembled orders
to the shipping dock and bringing empty selector trucks to the selection areas
with manually operated tow tractors in warehouses with a $20 million annual
business volume or with more than 125,000 square feet of warehouse space.
Table h shows annual comparative costs of labor and equipment with a perimeter
towline, tow tractors, and automatic tractors for moving orders to the shipping
dock anc bringing empty selector trucks to the selection area. For purposes of
making the comparison, the manufacturer's quoted cost of $12,500 fcr the tow-
line and installation is used; additional warehouse space requirements for the
towline are 2,550 square feet; for the operatorless tractor it is 1,275 square
feet; and the assumption is made that a 2-shift order assembly operation is
used.

Labor cost shown with use of the towline is based on the time required to
hook and remove warehouse selector trucks from the towline. With the operator-
less tractor, an estimated additional one-fourth man per week shift is required
to turn the tractor around and line up the selector trucks at the shipping dock
and in the selection area. With the manually operated tow tractor, one man is
employed during each shift to obtain the assembled orders and tow them to the
shipping dock and to bring the empty selector trucks to the assembly area.
Additional labor cost is incurred with the tow tractor for order selectors to
obtain the empty selector trucks and this is included in table h»

Both the towline and the operatorless tractor operate at a speed of from
1§ to 2 miles per hour. This speed has proven to move selector trucks as fast
or faster than the manually-operated tow tractor moving at higher speeds because
the towline and operatorless tractor follow planned routes. They follow the
same routes during each trip down aisles, around corners, through congested
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areas, and no time is wasted working through or around tight spots. Also,

there is no excessive wear caused by alternate acceleration and deceleration,

and starting and stopping.

Table h*—Annual costs of a perimeter towline, tow tractor, and an
operatorless tractor for moving assembled orders to the shipping
dock and for bringing empty selector trucks to the selection
area in a 125,000 square foot warehouse

Item
Perimeter
towline

Tow tractor
(manual)

Automatic
tractor

: Dollars
Depreciation : 1,250.00
Interest : 625.00
Insurance and taxes : 500 .00
Electricity : 180.00
Maintenance : 1,250.00

Total equipment cost 1/ : 3, 805.00
Labor : 3,135.00
Warehouse space 2/ : 1,227.71

Total cost : 8,167.71

Dollars
283. 38
123.36

98.69
56.16

7U.02

635.61
10,713.00

Dollars
891.28

U28.81
3U3.05
56.16
257.28

1,979.58
5,278.00
613.86

ll,3U8.6l 7,871.UU

l/ See table 5 for the computation of ownership and operating costs.
"2/ Additional aisle space is required with the towline and automatic tractor

because with the constant movement of warehouse trucks this space must be in
addition to the regular aisle. Additional space required for 850 feet of tow-
line, 3 feet wide for the towline, at $6 per square foot, amortized over a 20-

year period at 5 percent. With the automatic tractor only one-half the length
or ii25 feet long by 3 feet wide is used.

The total costs shown in table k with use of either the towline or opera

-

torless tractor are less than 72 percent of the cost with use of one man
operating a tow tractor to move assembled orders to the shipping dock and to

bring empty selector trucks to the selection area in a 125,000 square foot
warehouse shipping merchandise during two shifts. When it is necessary to
transport orders several hundred feet from the assembly area to the shipping
dock, consideration should be given to the use of a perimeter towline or
operatorless tractor for this function.

Dockboards

Dockboards are used to bridge the gap between the rail car or motortruck

and the dock platform. They facilitate merchandise handling by allowing

materials-handling equipment to deliver pallet or case quantities of merchan-

dise either into the common carrier or from the carrier to the receiving
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platform, Dockboards are made of a variety of materials, usually steel and
aluminum or magnesium alloys. Aluminum or magnesium alloy dockboards weigh
only about one-third as much as steel, do not rust, and are used in most of the
new warehouses today because of their reduced weight. In one firm studied, the
dockboard was hinged in the center with half of the board attached permanently
to the shipping dock. When trailers were backed up to the dock, the other half
of the board was flipped over to make a secure dockboard. The chief disadvan-
tage with the hinged dockboards was the increased time and skill required to

spot trailers within the narrow width at the dock Because of this disadvan-
tage, extensive use of dockboards of the hinged type is not practical.

Automatic dock levelers were used at the receiving dock in some of the
warehouses studied. The dock levelers were used to compensate for different
truckbed heights at the receiving dock. The leveler has a counter-balanced
weight that is tripped, when the truck backs up to the dock, automatically
adjusting the top of the dockboard to the truckbed level (fig. 19).

BN-818U-X

Figure 19.—A dock that automatically adjusts to dif-

ferent truckbed heights.
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Conveyors

Conveyors can be used effectively in grocery warehouses of less than
UOjOOO square feet in size or with an annual business volume of $6 million or
less. They have the advantage of requiring very little aisle space j however,
the ability to utilize height in the warehouse is limited. Access aisles to
merchandise require approximately 2\ feet and run at right angles from the
conveyor line for a distance of up to 30 feet.

Conveyors may be of the following types: Rollsr, wheel, and endless belt.
With the roller and wheel type conveyor systems, electrically powered belt
boosters are used at intervals to provide the necessary elevation of merchan-
dise for the conveyors to operate. The endless belt conveyor system uses a
a constantly moving belt on the entire line powered by electric motors. Any
one of these conveyor types can be used satisfactorily within certain specified
limits in grocery warehouses©

Conveyors are seldom used in new grocery warehouses because the business
volume necessary to justify economically a new building is usually greater
than can be handled on a single line conveyor system. At a business volume of
less than $6 million annually, facility costs are usually lower in an older
building than in a new warehouse. In this situation a conveyor system is
usually advantageous. A full discussion of conveyor systems may be found in
Marketing Research Reports 9U and 1U2.

MERCHANDISE LAYOUT

Merchandise layout discussed in this section includes the plan of merchan-
dise location throughout the warehouse, and the plan of merchandise placement
for order assembly; that is, choice of selection line type, numbering ware-
house locations, determining proper warehouse aisle widths, and layout and
methods for the repack room. Decisions in respect to these problems for in-
dividual warehouse operations depend on many factors, such as volume of
business handled, average order size, and type of materials-handling equipment.

Merchandise Location in the Warehouse

The old method of placing items together by commodity groups, such as
flour, canned vegetables, canned fruits, and canned soups is not maintained
in the modern grocery warehouse. The new concept of departmentalization is

built upon such factors as rapidity of turnover, quantity of purchases, and
special handling required, a major objective being to minimize warehouse
handling costs over the old system.

It is preferable to have merchandise that normally is received by rail
stored on the side of the warehouse that is close to the rail dock. Items
received by truck are usually received in smaller quantities than rail receipts
and the dock facility for truck receipts should be located near the rack area
where items normally received by motortruck are stored.
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In warehouses where order fillers push handtrucks, :he faster moving mer-
chandise is usually placed near the shipping dock so the order filler will not
have to push this merchandise any farther than is absolutely necessary. Mer-
chandise placed in the selection line without regard to sales velocity required
1,952 feet of travel for the assembly of a 35-case order, or nearly 59 percent
more distance than the 1,231 feet required to assemble the same size order when
merchandise was placed on the selection line in accordance with sales velocity
(fig. 20).

TRAVEL DISTANCE REQUIRED TO ASSEMBLE A 35-CASE ORDER

USING AN UNARRANGED SELECTION LINE AND A

LINE ARRANGED ACCORDING TO SALES VELOCITY

TRAVEL DISTANCE (FEET)

1,500

1,000

500

Merchandise unarranged

Merchandise
arranged for turnover

1 1 1 1
I

1 1

10 15 20 25 30 35
CASES SELECTED

U. S. DEPARTMENT OF AGRICULTURF NEC. 7172-59(41 AGRICULTURAI mark I- r III', ',1 RVICE

Figure 20

Merchandise is usually placed in warehouse slots at right angles to the

aisle because uniform slot depths age achieved and more merchandise can be

placed in a given area than with h$ angle storage. There is also more waste

space when U£° angle stacking is used, because two full sides of the pallet

load are exposed to the order selector, rather than one side.

Figure 21 shows a 90° and h5° angle selection layout utilizing 1,U08

square feet of space. With the pallet facings at 90° to the aisle, 6k facings

and 128 pallet loads on the floor can be accommodated, while with the h$° lay-

out only UU facings and 110 pallet loads on the floor can be accommodated.

The 90° layout increases storage capacity by more than l£ percent on the floor

and provides h$ percent more pallet facings. The chief disadvantage with )\$°
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stacking is the loss of pallet facings. With continued increases in the num=

ber of items handled in the grocery warehouse the need for pallet facings

increases

•

45° ANGLE STORAGE-44 FAClNGS-llO PALLETS ON FLOOR

90° ANGLE STORAGE-64 FACINGS- 128 PALLETS ON FLOOR
US DEPARTMENT OF A GRICULTURE N EG. 70 38-59 (2) AGRICULTURAL MARKETING SERVICEi. ULrMn i ivic.li I urMonj^ULiunc. i*£_\jjwjo-v;:7\£-/ mvji\ iuuli umhl iviMi\r\ l. rm*j

Figure 21,~A comparison of space required with 90° angle and
angle storage.

h?

Advantages of U5° stacking are
that slots may be more easily ser-
viced with a forklift truck and nar-
rower aisles can be used than with
90° stacking. In stacking at US°
the forklift truck is not required
to make a full turn to position the
pallet load in front of the slot but
can make a direct approach. This
can be accomplished without a full
stop for the turn, and at a faster
rate of speed. Figure 22 shows a
warehouse with k5° angle stacking
being used in the pallet rack area.

Locating reserve merchandise
stored over pallet racks is fre-
quently time consuming for the fork-
lift operator. This can be reduced
with use of a card maintained for
each pallet rack slot by the fork-
lift truck driver moving merchan-
dise into or out of pallet racks.
Figure 23 shows a suggested design
of the card holder, the card, and
information to be placed on it.
The card holder is usually attached

BN-8185-X

Figure 22.—Pallet racks placed at a hS°
angle to the aisle in a grocery ware-
house.
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to vertical supports on pallet racks in such a position that forklift opera-

tors can remove the card to post reserve location numbers while remaining on

the forklift. Warehouse pallet locations for both selection and reserve mer-
chandise are serviced by forklift trucks, and these records are easily main-
tained by the driver. With use of these cards time wasted in searching for
merchandise is eliminated, as are false out-of-stock situations when merchan-

dise is actually in stock but lost. One company reported satisfactory results
with a decal showing the same information as the card. The decal is less

likely to be damaged by forklift trucks hitting the pallet rack supports

.

An analysis is required for each item carried in the warehouse to deter-
mine where the item should be placed in the building. All packing room items

including candy and tobacco should be grouped together and provision made for
handling these items in a special area of the warehouse. The remaining items
carried in the inventory should be grouped by the size of the item's maximum
inventory in terms of pallet quantities to determine the location in the ware-
house:

Size of Maximum Inventory Placement in Warehouse

Less than 1 pallet Group and handstack on benches or racks
1 to 3 pallets Place in pallet racks

h to 7 pallets Place in floor slots - 2 deep
8 to 12 pallets Place in floor slots - 3 deep

13 to 17 pallets Place in floor slots - k deep

The maximum inventory on a particular item is the maximum quantity in the
warehouse at any time. Some items have a seasonal movement that must be con-
sidered in space assignments. For example, movement of cranberry sauce reaches
a peak during the winter months, whereas picnic supplies reach a maximum in-
ventory and movement during the summer months. Such items would probably be
in pallet rack slots during the slow movement periods and be in floor slots
during periods of peak movement.

Inventory records are usually maintained in case lot quantities s and it
will be necessary to define the block to be used, including the number of
cases high the merchandise is to be piled, to arrive at the quantity of mer-
chandise per pallet. The maximum inventory for each item should be reviewed
by the buying department for accuracy and adequacy and to determine whether or
not the item will be handled.

Type of Selection Line

After the maximum inventory for each item has been grouped and assigned
by warehouse location, it is necessary to place the merchandise in the ware-
house. There are two basic types of selection lines in use—the short selec-
tion line, and the long selection line. With the short selection line system,
a relatively small quantity of each item carried in the inventory is placed
in one area for convenient order assembly. As merchandise on the assembly
line becomes low in stock it is replenished from reserve merchandise stored
in the remaining warehouse area. The second basic system is the long
selection line where merchandise is stored and selected during the order

- 33 -



assembly over the entire warehouse
area. Modifications of these two
basic systems are used extensively
in grocery warehousing.

The short selection line layout
is used advantageous ly for the as-
sembly of small orders in a large
warehouse and when selector trucks
are pushed by order fillers, because
less travel is required.

The short selection line has the
disadvantages of requiring one extra
handling of merchandise, moving it
from the reserve storage area to the
selection line as a unit load, and of
storing merchandise in more than one
location, thus requiring close super-
vision to insure movement of merchan-
dise to the selection line when it
becomes low and presenting more dif-
ficulty in taking physical inventory.

The long selection line is usu-
ally advantageous for the assembly of
large orders if mechanical tow trac-
tors are used. With the long selec-
tion line, the handling of merchandise
from reserve storage to the selection
line is eliminated, although it is
still necessary to lower inaccessible
merchandise for order fillers.

With the long selection line,
merchandise may be assigned a fixed
location in the warehouse, known as
the fixed slot system, or the lo-
cation may vary with the quantity
of merchandise received and the
space available, known as the float-
ing slot system. Location of mer-
chandise with the fixed slot system
is never changed except when necessitated by changes in seasonal movement or
items on sales promotion. With the floating slot system, each time an item
is received it is usually placed in a different location.

Some of the advantages of the fixed slot system over the floating slot
system are? (1) The storage of merchandise in one location means ease in
taking physical inventory; (2) better utilization of warehouse cubic space
is obtained on items utilizing multiple floor slots; (3) a more definite in-
ventory in a fixed location can point up weaknesses in buying policy or

NEG. 7039-59(2) A. M.S.

Figure 23.—A card holder with a card
designed to show quantity and lo-
cation of reserve merchandise
stored over pallet racks.
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warehouse space allocation; (k) greater efficiency in receiving merchandise is

obtained because time is not required to search for an empty slot; (5) fewer

errors are made in billing and assembly of orders; and (6) there is less pos-
sibility of error in writing the location numbers and interpreting the written
numbers in the office for items received into the warehouse.

The advantages of the floating slot system are: (1) Automatic stock
rotation; (2) quantities of merchandise received for special sales promotion
are placed in the warehouse without assignment of a special area for the items;

(3) there is little need for location adjustments due to seasonal items;

(k) quantities of merchandise received over the maximum that can be stored in a
fixed slot are placed in the warehouse automatically with the floating slot
system; and (5) automatic check on the inventory between the warehouse and
office will take place each time a warehouse slot becomes empty. Based on the

advantages and disadvantages, a fixed slot system is preferable for use in
most grocery warehouses.

For warehouses of less than 50,000 square feet of floor space, only a
relatively short selection line can be used because all of the available pal-
let fronts are needed to place each item in the inventory on the selection
ljne. Companies with warehouses over $0,000 square feet can determine whether
to use a long or short selection line on the basis of order size and warehouse
equipment used.

Studies were conducted in two companies, each with an annual business vol-
ume of approximately $30 million in groceries, serving the same number of
stores, and having similar working conditions. One firm operated a warehouse
with a short selection line with order fillers assembling merchandise on U-
wheel trucks pushed by hand. The other firm used a long selection line with
orders assembled on trains of three or four selector trucks towed with an elec-
tric tractor. Both firms used a fixed slot system of merchandise placement.
Order filler productivity in the firm with the short selection line averaged
208 cases per man-hour on orders of more than 700 cases in size. In the firm
with the long selection line and use of electric tow tractors, order filler
production for the same size orders averaged 2U7 cases per man-hour, or nearly
19 percent greater (table 6).

An evaluation of the most economical order assembly, system must include
order filler production, as well as equipment cost, as is shown in table 6.
Savings with use of a long selection line totaled O.lij.6 cent per case or nearly
12 percent. The findings of these two firms indicate a long selection line
wit.?1 tow tractors is more economical in firms servicing large retail orders.

Numbering Warehouse Locations

Merchandise in most grocery warehouses is assigned a warehouse location
which is usually designated with a h digit number with the lowest number
starting at the beginning of the selection line and the highest number located
at the end of the selection line or in the packing room. The manner in which
numbers are assigned merchandise locations determines the travel routes of
order selectors in assembling retail store orders. The placement of incoming

- 35 -



merchandise and selection of retail store orders by warehouse location numbers
is more efficient than when these functions are performed with use of item
description. 7/

Table 6.—A comparison of order filler productivity and equipment
cost with a short selection line and a long selection line in
two companies on orders larger than 700 cases

Method !

Order filler
]

productivity
j

y \

Selection
labor
cost 2/ ,

Equipment
\

, and other
labor .cost!

Total labor
& equipment

', cost

Cases per man-

hour :

208 ;

: 2U7

. Cents per : Cents per
'< case

0.110

0.116 i

'• Cents per

Short selection line !

case

0.966

: 0.811*

: case

: 1.076

0.930
Long selection line '

1/ Includes a 13> percent personal and fatigue allowance.
2/ Assuming an hourly wage of $2.01.

3/ With the short selection line for each hour of order assembly an addi-
tional 1/10-hour use of a forklift truck and operator is included to move
merchandise from reserve storage to the selection line. With the long selec-
tion line equipment cost includes a manually operated tow tractor. Table $
shows hourly cost of various kinds of materials -hand ling equipment.

There are various numbering systems. The conventional numbering system
used for floor slots in warehouses with grocery orders averaging less than

700 cases in size is the odd and even system. With the odd and even sys-
tem warehouse floor locations are numbered with even numbers on one side of

the aisle and odd numbers on the otner side. Merchandise selection with this
numbering system requires a considerable amount of aisle crossing.

With the pivot system of order assembly, cases are selected from a pre-
determined number of slots on one side of an aisle before crossing (pivoting)

to the other side to make selections from the same number of slots there.

Initially, when first starting an aisle or when crossing a center aisle, the

number of slots to be selected from before a pivot is made will be determined
by minimizing the backtrack distance necessary to reach the first selection
site on the other side of the aisle. The pivot system (right side) and con-

ventional system (left side) are illustrated in figure 2U with travel routes
shown that assume a selection at each slot.

Numbering warehouse floor slots so orders are selected from only one side

of the aisle is used in many warehouses handling large oraers of more than 700

cases in size with order selectors using relatively high speed tow tractors and
a train of 3 or k trucks. With this system, a second trip is made through each
aisle to select merchandise from the other side.

7/ Marketing Research Report 9h, p. 16.
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Figure 2U- ——Conventional and pivot numbering systems and travel routes for floor
slots assuming a selection is made at each location.
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By increasing the number of items selected from one side of the aisle be-
fore crossing the aisle to select additional items as in the pivot system, the
travel distance is reduced and an increased order assembly rate should be
realized. A study of the pivot system compared with the conventional system
was conducted at one grocery warehouse that had wide aisles in a 2-deep slot
area and where assembled cases of merchandise x^ere placed on U-wheel handtrucks.
Figure 2\\ shows the numbering systems used in the study. After a training
period order assembly was time-studied for identical days of the week used in
the study of the conventional operation.

Table 7 shows order assembly production and distance traveled in the

studies based on the number of cases selected per order in the aisle. Produc-
tivity was nearly 26 percent greater with the use of the pivot system. Mer-
chandise was selected at the rate of 2U0 cases per man-hour with the conven-
tional method and 302 cases per man-hour with the pivot system. Order size
averaged the same, 8.7 cases in both studies and ranged from 2 to h3 cases per
order in the one aisle.

Table 7.—A comparison of cases selected per man-hour and average
distance traveled, based on the number of selections per order
in the experimental 2-deep slot aisle

Qonventional system : x ivot system
Order : Number ; Average : Order filler; Number : Average : Order filler
size i : of ; travel : production : of : travel :production

orders : distance : per man-hours orders s distancessper man-hour

Cases : Number Feet Cases Number Feet Cases

1 - 3... : 7 235! M 7 -2TH T5T
h - 6... 7 267 208 7 238 2U2
7 - 9... 5 273 228 5 252 271

10 - 12...: : 3 282 235 3 265 289
13 - 15.... ! h 331 263 h 309 3U9
16 and over;

' -1 ii30 275 _2 371 393

Total or ': 28 2ii0 28 302
wtd. av. j

The increased labor productivity shown in table 1 is based on the study
of 2-deep slots composed of merchandise that would be classified as medium fast
movers. Studies of selection patterns were not made in slots larger than 2-

deep, pallet racks, bench areas or the repack room. The pivot system of num-
bering could be applied to these areas and some increase in production could
probably be achieved.

Determining the £est Aisle Width

The optimum warehouse aisle width for a particular company depends on
construction costs, equipment costs, and labor requirements. Costs for land
and building amortized over a period of 20 years usually constitute about i|0

percent of the total operating costs in a new warehouse. Labor cost usually
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totals $0 percent of the operating cost,

insurance, and taxes.
The other costs are for equipment,

In this section an examination will be made of the relation of warehouse
aisle width and associated handling methods to the major costs of grocery ware-
house operations for food distributors having relatively small, medium, and
large grocery volumes.

A wholesaler with an annual business volume of $6 million should design
the warehouse for a volume of $8 million to allow for expansion. A warehouse
designed with aisles 10 feet wide requires about U8,000 square feet to accom-
modate and handle a 1*,000 item inventory, normal for this size business. With
use of 6^--foot aisles only about 1*2,000 square feet would be required . Con-
struction costs for the building at 1958 prices would be about $6 per square
foot. The capital necessary to construct the different size warehouses was
amortized for a 20-year period at 5 percent interest and equals the rental cost
shown in table 8.

Table 8.—Estimated comparative annual costs of two alternate aisle
widths for warehouses designed for $6 million annual business
volume

Item
' 10-foot aisle 6i—foot aislem i. in n- .. I. -

One shift Two shifts One shift

1 N°»
Annual rental :

Total forklift cost l/....s 2

Warehouse labor T : 8

Warehouse supervision ; 1

Total cost :

Dollars No. Dollars No. Dollars

23,110
2,290

33,1^6
7,000

2

8

2

20,221
2,802

35,330
13,000

20,221
2,1*71

33,W*6
7,000

65,81*6 70,353 63,138

l/ Table 5 shows detailed cost data for various -types of materials-handling
equipment

•

As shown in table 8, rental cost with the 10-foot aisle warehouse would
total $23,110, whereas with the 6§-foot aisle warehouse the rental cost would
total only $20,221. With an annual business volume of $6 million, two forklift
trucks would be needed with either warehouse layout. With the 10-foot aisle
building, counter-balanced forklift trucks operated with gasoline or liquefied
petroleum gas would be used. With the 6^-foot aisle building, the straddle-
type electric forklift trucks would be used. According to research, in ware-
houses of this size eight warehousemen would handle the receiving and order
assembly with either warehouse layout. In the 10-foot aisle building all
receiving and shipping would be done during one shift with eight men at a wage
rate of ^2.01 per hour. With the 6|-foot aisle building, either all receiving
would be done during the daytime with three men at a wage rate of $2.01 per
hour and all shipping would be done during a night shift with five men at a
wage rate of $2.11 per hour, or all of the receiving and shipping would be done
during one shift. The labor cost with the 10-foot aisle and the 6|-foot aisle
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operating one shift would total $33,Uit6 and with the 6^--foot aisle operating
two shifts would total $35,330. With use of two shifts in the 6^-foot aisle
warehouse it would be necessary to provide supervision during both shifts,
hence a supervisory cost of $7,000 for the general superintendent during the

day shift and $6,000 for a night supervisor for a total supervisory cost of

$13,000. In both warehouses orders would be assembled on it-wheel handtrucks.
These costs are assumed to be equal, and so are not shown in table 8,

Some food distributors report they can satisfactorily receive and ship
merchandise during one shift with the 6§-foot warehouse aisle layout up to an
annual business volume of $6 million; however, as volume increases above $6
million, aisle congestion becomes too great and it is necessary to receive and
ship merchandise during different shifts. A review of the cost factors in this
situation would indicate that the food distributor should build a warehouse
with 6-jr-foot aisles for his present business volume. As business volume in-
creased he could expand the warehouse and use 10-foot warehouse aisles.

A comparison of actual costs in a 115,000 square foot warehouse with 10-
foot aisles was made with estimated costs in a warehouse of comparable volume
using 6§-foot aisles. The building was designed to handle a $20 million
annual grocery volume. Orders were selected on it-wheel trucks pulled by elec-
tric tractors. With use of a 6^--foot aisle, a saving of 10,336 square feet of
warehouse floor space would be realized. With the 6§-foot aisle, it-wheel

trucks would be pushed manually along the selection line. A comparison of
estimated annual costs with a &|-foot aisle with actual costs with a 10-foot
aisle is shown in table 9.

Table 9. --Estimated comparative annual costs with two alternate aisle
widths for a warehouse designed for $20 million annual business
volume

10-foot aisle 6^-foot aisleItem

: Number Dollars Number Dollars
Annual rental : - 55,367 - 50,391
Forklift truck cost 1/ ..: h 5,^28 h 5,795
Order filler tractor cost 1/ : 5 3,178
Warehouse labor : 17 72,332 20 86,736
Warehouse supervision. : 2 13,000 3 19,000

Total annual cost : lii9,305 161,922

1/ Detailed cost data shown in table 5.

With the 10-foot aisle a 115,000 square foot warehouse is needed to handle
the existing inventory and business volume. Rental costs (table 9) are based
on $6 per square foot construction cost and the capital necessary to build
the warehouse was amortized over a 20-year period at an interest rate of 5
percent. Three counter-balanced forklift trucks of 2,000-pound capacity each
and one of ii, 000-pound capacity were used. One of the 2,000-pound capacity
forklift trucks was used during two shifts to service order filler calls and
make letdowns. Five electric tow tractors were used for two shifts each day
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by order fillers at a cost of $3,178 annually. A total of 17 warehousemen was

needed to handle the receiving and order assembly in the lu-foot aisle ware-

house: 5 men receiving merchandise and 6 men assembling merchandise during

the daytime at a wage rate of $2.01 per hour; and 6 men assembling merchandise

during the night shift at $2.11 per hour. Each shift had a supervisor.

With a 6^-foot aisle layout, a total of 10li,66U square feet of warehouse
space would be needed at an annual rental of $50,391, or more than $5,000 less

than the rental required with the 10-foot aisle layout. It was estimated that
four straddle-type forklift trucks would be needed— three forklifts of 2,000-

pound capacity, and one of U, 000-pound capacity. Two 2,000-pound straddle
forks would be used for two shifts to move merchandise from reserve storage to
the selection line. A total of 20 warehousemen would be needed to handle the

receiving and order assembly with the 6|--foot aisle layout: 5 men at $2.01
per hour would receive merchandise during the day shift; and lf> at $2.11 per
hour would assemble merchandise during the two night shifts. Eighteen percent
more order filler productivity is achieved with the long selection line and
tow tractors used in the 10-foot warehouse aisle layout, one additional order
filler is needed during each shift in the 6§-foot warehouse aisle and one
additional forklift truck driver would be needed to move merchandise from re-
serve storage to the assembly line for the two shifts. With the warehouse
operating three shifts per day it is necessary to provide a supervisor for
each shift.

Total annual cost for factors affected by the warehouse layout amounted
to $lli9, 30£ with the 10-foot aisle and $161,922 with the 6^-foot aisle, or a
saving of $12,617 with the 10-foot aisle warehouse.

Studies were conducted in two companies with about $35 million business
volume each, with comparable order sizes, and servicing approximately the same
number and type of stores. One firm used a perimeter towline to move assembled
orders on- ii-wheel trucks to the shipping dock and to bring empty trucks to the
assembly area. Order selectors pushed li-wheel handtrucks through a short se-
lection line and attached loaded trucks to the towline. Warehouse aisles were
6| feet wide and it was necessary to ship merchandise during the night and re-
ceive merchandise during the day.

The other firm used electric tow tractors to pull a train of three or four
selector trucks through the long selection line and completed orders were taken
to the shipping dock by order fillers with the electric tractor. Aisles were
10 feet wide and receiving and shipping were accomplished in one shift. Table
10 shows an annual cost comparison of factors affected by warehouse layout in
the two warehouses.

Annual rental in the warehouse with the 10-foot aisle totaled $73,085 for
151,800 square feet. Six counter-balanced forklift trucks are used to handle
the business volume, four 2,000-pound capacity and two k,000-pound capacity
forklift trucks. A long selection line with a fixed slot system of warehousing
is used with order selectors driving eight electric radio control tow tractors
for order assembly. Order filler production on all orders averages 2kl cases
per man-hour (table 6). All warehousing is conducted during the day shift at
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a wage rate of $2.01 per hour with 9 men receiving and 17 men shipping the
merchandise. One superintendent is in charge of the warehousing operation.

In the 6-|-foot aisle warehouse, annual rental totaled $6U,997 for 135,000
square feet. Six straddle-type forklift trucks are used: Four 2,000-pound
capacity and two k f 000-pound capacity. Two of the k,000-pound capacity fork-
lift trucks are used two shifts per day or ii,000 hours per year to move mer-
chandise from reserve storage to the short selection line.

Order fillers push Ii-wheel handtrucks in order assembly and average 208
cases per man-hour (table 6), or 8ii percent as much as order fillers in the
10-foot aisle warehouse. An in-the-floor towveyor is used to move assembled
orders to the shipping dock and to bring empty selector trucks to the order
assembly area. Two shifts, with a total of 33 men, are used in the warehouse*
12 men at $2.01 per hour received merchandise during the daytime; and 21 men
worked the night shift shipping the merchandise at S2.ll per hour. The gen-
eral superintendent is in charge of the day shift and a supervisor is in
charge of the night shift.

The total annual cost for factors involved with the two systems is
$20li,328 with the use of the 10-foot aisle and $232, 59U with the use of the
6^-foot aisle, or an annual saving of $28,266 in the warehouse with 10-foot
aisles.

Table 10.—Comparative annual costs in 2 firms with different ware-
house layouts, each having a $35 million business volume

Item 10-foot aisle
•

6^-foot aisle

t Number

6
8

: 26
: 1

Dollars
73,085
7,702
7,8UO

108,701
7,000

Number Dollars
bk,997

6 8,U58

1 3,805
33 Ui2,33U
2 13,000

Forklift truck cost l/...

Total cost
.'

20U,328 232,59k

1/ Detailed cost data shown in table 5»

The itepack Room Layout and Methods

Studies conducted in the packing rooms illustrated the importance of lay-

out, workplace arrangement, and product flow. The volume of business done in

the repack room of an average size grocery wholesaler is large enough to keep
several men fully occupied. This is particularly true if cigarettes are

handled because they must be stamped in addition to the usual warehouse han-
dling. Labor expense is a major part of the cost of the repack service.
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An analysis was made of the repack room order assembly operation and of
the various elements of the job in a number of the firms studied. Flow dia-
grams were used to plot the movement of merchandise and men in the packing
room. In one firm a flow diagram (fig. 2$) showed that with the existing
layout a nonproductive walking distance of 75> feet requiring 8.6 percent of
the total order assembly time could be eliminated by locating the repack bench
at the end of the selection line.

SELECTION 8
RESERVE AREA

2-Tier Shelving

Select ion Area

SELECTION 8
RESERVE AREA

Repock
Bench
Poss
Window

\
^

Repack
Bench

/4

_~\To Load

Line

2-Tier Shelving
Selection Areo

Box
Storage

Pass
Window

Shippi ng
Office

PRESENT

Shipping
Office

PROPOSED (improved)

NoScale

U S DEPARTMENT OF AGRICULTURE NEG 7040-59 (2) AGRICULTURAL MARKETING SERVICE

Figure 2$.—A packing room layout showing present and proposed (improved)
travel routes.

Shelf locations in the packing room should be numbered in the same se-
quence as items are listed on the retailer order form or invoice. With this
procedure the productivity in order assembly will be increased because back-
tracking and hunting for items will be greatly reduced. This method also
reduces the amount of reading time because the items will be listed in selec-
tion sequence, eliminating the need for flipping pages and rapid scanning of
the invoice.

With the exception of one firm, all the companies studied assembled mer-
chandise in the packing room on small U-wheel handtrucks, moved the assembled
merchandise to a packing table, checked, packed, and sealed it in cardboard
boxes. This method required kh percent more time than orders assembled in
master containers as was done in the other firm (table 11). With use of card-
board boxes the merchandise is tightly packed to avoid damage in the delivery
truck, whereas with the master container the merchandise is not packed tightly,
although the master container is rigid.
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Table 11.—Time required to assemble and pack a 60-unit order in the

packing room with use of cardboard boxes and master containers

Element

[Time required

.with cardboard

. boxes

;Man-minutes 1/
Obtain invoice and selector truck .: 0.li7

Obtain master container :

Travel : 9 . 51
Read and write : b*hh
Select merchandise : U. 83
Place merchandise on packing bench s 3 ,k$
Obtain packing box. : .5>U

Check, box, and seal merchandise : 6.21
Mark store number on container and dispose..; .39

Total time ; 31
*?jf

Units assembled per man-hour : 113

Time required

with master
containers

Man-minutes 1/
0.U7
.21

9.51
6.104

U.83

2/ .27

.39
22.12
ToT

1/ Includes 1$ percent personal and fatigue allowance.
"2/ Time required to place top on master container

o

Productivity with use of a master container for assembly and shipment was
kh percent greater, or 163 units per man-hour, compared with 113 units for
assembly, checking, packing, and sealing the merchandise in cardboard boxes.
Increased productivity with use of the master container method was primarily
due to elimination of the need to pack the merchandise in boxes after selec-
tion (table 11). The firm using the master container reported no increase in
damage with its use, although it was necessary to sign master containers out
to the retail stores in order to assure their return to the warehouse.

The master container, shown in figure 26, is made with a metal frame over
which canvas is sewn. The container rests on a wooden base and has a clamp-on
type wooden top which is attached before the container is taken to the ship-
ping dock to protect the merchandise during shipment. An additional advantage
of this container is that it can be nested when empty by removing the wooden
top.

Many wholesalers supply their retail customers with tobacco products in
addition to groceries, produce, and frozen foods. The chief tobacco item
handled is cigarettes, with from 30 to 1*0 different brands, sizes, and types
stocked by the wholesaler. Carton quantities of each brand of cigarettes

ordered by retail stores are selected from full cases, packed in empty cases,
sealed with tape, moved to the shipping dock, and delivered to the stores
with grocery orders. Some companies limited cigarette sales to a minimum of
five cartons of any particular brand, size, or type.

In addition to receiving case-lot quantities, assembling and delivering
retail store cigarette orders, many wholesalers must affix a local or State

revenue tax stamp and maintain accounting records of this function. In some
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instances, separate stocks and as-

sembly areas must be maintained when

a wholesaler supplies cigarettes to
retailers in areas having different
tax laws

.

Steps usually followed in han-
dling cigarettes are: (1) Case-lot
quantities are received from motor-
trucks 3 (2) they are moved to tem-
porary storage, (3) stamped, and
(I4) moved into reserve storage and
assembly areas. Figure 27 shows the
travel distance and storage areas
used for handling cigarettes through
the four steps in one firm studied.
By relocating the places where
cigarettes were stored, stamped, and
selected it was possible to reduce
the travel distance nearly 80 per-
cent from UU5> feet to 90 feet, as
shown in figure 28. Along with
this change, delays in waiting for
a forklift truck to move pallet
quantities of cigarettes from re-
serve storage were reduced and
greater security was gained by hav-
ing all cigarettes in one location,
fenced off from the remainder of
the warehouse.

BN-8196-X

Figure 26.

—

a master container used for
shipping packing room merchandise to
retail stores.
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Figure 27.

—

Flow of cigarettes in a warehouse re-

quiring UU5 feet of travel.
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Figure 28.—An improved cigarette flow requiring 90 feet of travel.

In addition to changing the flow and storage areas for cigarettes, an im-

proved method of assembling retailer orders of different brand cigarettes was
tested in this firm. Figure 29 shows the former method used in cigarette or-
der assembly. The order filler obtained cartons of cigarettes ordered from

BN-8189-X

Figure 29. —Assembling cartons of cigarettes in an 11- by 32-

foot room.
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stocks of cigarettes scattered around a 32- by 11-foot room requiring a

minimum of 80 feet of travel and took them to a table where the order was
checked, packed in an empty case, and sealed with tape. Figure 30 shows

the travel distance required with this layout. Because cigarettes were not
listed on the invoice in accordance with the warehouse location, order fil-
lers frequently made several trips through the area in assembling a partic-
ular order. With this system of order assembly a total of 6.8 man-minutes
was required to assemble a 60-carton order of 12 brands or types of
cigarettes

.

. 32' -

"]

,

Packing
Table

Figure 30.—Travel distance required for order
assembly with the former cigarette room
layout

.

A cigarette assembly rack holding 30 cases of cigarettes and made of

3A-inch plywood was installed in this firm. The dimensions of the rack
are shown in figure 31. With use of this rack and stool built to hold an
empty case^only l/3 as much time or 2.2£ man-minutes were required to
assemble, check, pack, and seal a 60-carton order of 12 brands. The firm
assembled and shipped 6,000 cartons or 100 cases of mixed brand cigarettes
each cay. With the cigarette assembly rack the number of man-hours re-
quired to assemble, check, pack, and seal the cigarettes was reduced nearly
67 percent from 11.3 to 3.75 man-hours per day. Figure 32 shows use of a
rack for cigarette assembly.
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Figure 31.—Dimensions for a cigarette assembly rack and stool for hold-

ing 30 brands, types, or sizes of cigarettes.

FLOW OF MERCHANDISE IN THE WAREHOUSE

Management is interested in an
efficient flow of merchandise into and
out of the warehouse. Flow of merchan-
dise is involved in all of the main seg-
ments of the operation: Receiving,
order assembly, checking assembled mer-
chandise, and loading delivery trucks.
Other parts of the warehousing operation,
such as the repack room, tabulating, and
accounting departments are affected to a
lesser degree by the warehouse layout.
The flow of merchandise and warehouse
layout requires constant review to meet
changing business volumes and items
handled.

Receiving

The receiving of merchandise into
the warehouse is usually performed dur«

ing the day shift o With a warehouse
layout having 6-^-foot aisles it is not

BN-8199-X

Figure 32.—An improved method of cig-

arette assembly with use of a rack
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possible for a U-wheel warehouse truck and a forklift truck to pass in the nar-

row aisles; hence, the receiving and shipping operations should not be per-
formed at the same time, particularly if annual business volume is more than
$6 million. When a tcwline is used for receiving and shipping merchandise, it
should not be used for both operations simultaneously.

In warehouses having aisles 10 feet wide, the It-wheel warehouse trucks
and forklift trucks can meet or pass in the aisle. This permits the simulta-
neous receiving and shipping of merchandise in an efficient manner.

Sufficient area on the receiving dock should be provided for a temporary
block between the palletizing and storing operation with both the narrow and
wide aisle warehouse layout. A temporary block area kO feet deep is shown in
back of the truck receiving area (fig. 33.). With use of the temporary block
the palletizing and storing of merchandise can be performed separately, and it
is not necessary for the palletizing crew to wait for the forklift, or vice-
Versa.

BN-8195-X

Figure 33.—A temporary block area at the truck receiving dock.
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Order Assembly

Traffic problems often may be solved by a study of merchandise flow with
use of diagrams. Congested areas that slow down the movement of merchandise

and transfer points at which merchandise must be double handled can often be

eliminated or avoided. For example, in one warehouse studied the chief delay,
totaling 5.8 percent of order assembly time, was in waiting for space to put
assembled orders on the towline and in waiting for an empty selector truck.
Inspection of the shipping dock when this delay occurred showed that the dock
was not overcrowded with assembled orders but the checkers were working on

particular retailer orders and other orders were left on the towline. With
this procedure, the towline soon became loaded with assembled orders while the

checkers waited for parts of a specific retailer order. This delay was elim-
inated by having the checker remove all assembled orders from the towline as
they passed the shipping dock. The towline no longer became full of assembled
orders, thus eliminating waiting time by order fillers for space on the towline
and for empty selector trucks.

Aisle width affects traffic flow considerably because, as previously noted,
it is nearly impossible for order selectors ano forklift trucks to pass each
other in a 6^—foot aisle. It was found impractical during the study to use a

selector truck wider than 30 inches in a narrow aisle. It was also found help-
ful to establish one-way travel in warehouse aisles, particularly when narrow
aisles are used.

Figures 3U and 35 show how improved order selection efficiency was obtain-
ed through use of flow diagrams. The diagram (fig. 3U) shows a nonproductive
travel distance of 820 feet in the assembly line to travel from the end of one
section to the beginning of the next. This nonproductive travel distance by
the order filling crew of 16 men required 3.2 percent of the order assembly
time or more than k man-hours per day. By rearranging the section's order box
locations and order filler travel routes the nonproductive travel distance was
reduced to 135 feet (fig. 35) and required only 0.5 percent of the order assem-
bly time.

Loading Assembled Orders

The time required for efficient checking of assembled orders and loading
of delivery trucks is dependent on provision of sufficient space on the dock
for checking orders and having a dock level with motortruck beds.

In some of the warehouses studied, orders were assembled on pallets that
had been placed on h-wheel handtrucks. The pallets were moved into delivery
trucks with a forklift truck. Figure 36 shows a forklift truck entering a de-
livery trailer with a pallet load of merchandise. In one of the warehouses
using this method, time studies showed that trucks were loaded at the rate of
1,875 cases or 56,625 pounds per man-hour. The best manual method for loading
trucks is with one man working alone. He loads from a h-wheel handtruck which
he positions inside the delivery truck . With this method production averaged
562 cases or 16,580 pounds per man-hour. 8/ Labor productivity with pallet
loading by forklift was approximately 3-1/3 times greater than this manual
loading method. One man operated the forklift truck and placed pallet quan-
tities of merchandise in the delivery truck.

8/ Marketing Research Report 9U, p. 22.
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In another warehouse it was evi-
dent that there was insufficient surge

or holding area for assembled orders
on the shipping docko The 33-foot
depth from the edge of the dock to the
center of the towline could not hold
a line of more than three order-
selector trucks behind each trailer;
consequently, a very close crew bal-
ance had to be maintained between or-
der assembly and loading. Order
selectors frequently had to wait for
empty selector trucks or loaders had
to wait for assembled merchandise to
load on delivery trucks, resulting in
considerable delay time. It was also
necessary to load delivery trucks
manually with two men working as a
team; principally because of the lack
of dock space. Based on studies con-
ducted in other warehouses, it was
estimated that with a dock 5>0 feet
deep the number of men loading trucks
could be reduced by l/3 and also the
order filler delay in waiting for se-
lector trucks would be reduced.

BN-819U-X

Figure 36.—Loading a delivery truck
with a pallet load of mixed mer-
chandise.

GROCERY WAREHOUSE LAYOUTS PLANNED FOR MAXIMUM PRODUCTIVITY

The warehouse layouts in this section are presented to illustrate research
findings discussed in this report. These layouts are based on inventories of
approximately li,000 grocery items, use of automatic tabulating equipment in the
office, and an annual inventory turnover of from 16 to 18. 9/ In the grocery
warehouses support columns are spaced UO feet apart from center of column to
center of column. A canopy is shown oves the edge of the ramp at the motortruck
shipping and receiving docks to prevent rain from entering the warehouse or
damaging the merchandise in loading or unloading trucks. The motortruck docks
and rail receiving docks are shown on the warehouse interior; however, with
minor changes in the interior warehouse layout it would be possible to have the
docks on the warehouse exterior. With docks on the warehouse exterior, door
openings should be 10-| feet high so high-mast forklift trucks can travel onto
the dock. The motortruck ramps and rail car siding, as well as the docks,
should be enclosed in the warehouse when climatic conditions are severe.

Many wholesale food distributors have experienced a substantial increase
in business volume and a desire to service retail stores with produce and

frozen foods after moving into a new warehouse and, because land was not

available for expansion, it became necessary to move to another location. For
these reasons, expansion areas are shown in the warehouse layouts. The perish-

ables warehouse is connected to the grocery warehouse in the layouts so

9/ Annual sales volume divided by the average sales value of inventory

equals inventory 'turnover.
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composite loads of groceries and perishables can be loaded from the grocery-

shipping dock.

Layout for an Annual Grocery Business Volume of $6 to fl8 Million

As shown in figure 37, the basic dimensions of the initial warehouse de-
signed to handle a $b to $8 million annual volume are 200 by 2h0 feet, or

U8,000 square feet. The design provides 12 doors for shipping and receiving
merchandise by motortruck and four rail cars can be spotted at doors for simul-
taneous loading and unloading. The rail car dock would be hS inches over the

top of the rail and the motortruck dock would be level with the motortruck
beds. The aisle at the rail siding is 1$ feet wide and throughout the rest of

the warehouse aisles are 10 to 11 feet wide. The temporary holding area for
shipping and receiving merchandise is £0 feet deep at the motortruck dock.

Aisles throughout the warehouse are designated one-way so order selectors and
forklift operators will have free movement through the aisles without con-
gestion caused by two-way traffic.

80'-0"-

PERISHA6LES

EXPANSION

AREA

..
RAIL CAR AlSLE-4 DOORS

a. Deep

+ .

EXPANSION

AREA NO I

EXPANSION

AREA NO 2

ToMezzonme
Offices

Motortruck Dock

6Receivmg

Spaces

-Roof Over Romp

U S DEPARTMENT OF AGRICULTURE

INITIAL WAREHOUSE -48,000 Sq Fl.$6-8 MILLION GROCERY VOLUME
INITIAL WAREHOUSE* AREA "1-67,200 Sq FI.JI3 MILLION GROCERY VOLUME

INITIAL WARE HOUSE + AREA «u"2- 96.000 Sq Ft ,»20 MILLION GROCERY VOLUME

NEC 7044-S9 (21 AGRICULTU WARKE TING SERVICE

Figure 37.—A suggested warehouse layout designed for a $6 to $Q million

annual business volume in groceries with expansion areas.

The fast moving merchandise is located in U-deep slots near the end of

the selection line and near the rail siding (fig. 37). Since order selectors

will be pushing selector trucks by hand at this volume of business, itis

desirable to locate the fast moving merchandise near the end of the selection

line to avoid having order selectors push the bulk of the merchandise through

the entire selection line.
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The repack room and bench areas (slow moving merchandise handstacked on
wooden tables) are also located near the end of the selection line. With this
location, items assembled for orders in the repack room may be deposited out-
side the room for movement to the shipping dock by the regular order selector
on his way to the shipping dock or the items may be transported a short dis-
tance to the order assembly area.

The general office area for the warehousing operation is located on a
mezzanine over the motortruck shipping and receiving dock, packing room, and
bench areas, and is reached by two stairways located near the ends of the
shipping dock (fig. 37). With this location for the office, it should be

possible to reduce construction costs because a ceiling height of not more
than 10 feet is needed in the surge area on the dock, in the packing room and
bench areas, and the remaining 10 feet of ceiling height can be used for the
floor and office above.

Expansion area I (fig. 37) is 2l±0 feet by 80 feet, or 19,200 square feet.
With the full use of this expansion area grocery warehouse floor space would
total 67,200 square feet and would accommodate an annual volume of approxi-
mately $13 million in groceries. With the increased warehouse size it would be

necessary to use tow tractors capable of towing five selector trucks to keep
the order assembly operation efficient.

Expansion area II (fig. 37) is 2U0 feet by 120 feet, or 28,800 square feet,
and with this addition the grocery warehouse area would total 96,000 square
feet. It would be possible to handle approximately $20 million annually
in groceries in the enlarged warehouse. A 6-door motortruck receiving dock
would be placed in expansion area II to provide sufficient space on the orig-
inal dock for shipping merchandise and to reduce forklift travel in storing
receipts.

An expansion area 95 feet wide is also shown for a perishables department
for handling frozen foods and produce. A dock in the perishables department
would be provided for handling receipts and shipments by motortrucks and rail
cars. If composite loading of perishables and groceries is used the perish-
ables warehouse is located adjacent to the grocery shipping dock for convenient
access to the grocery shipping dock.

This warehouse layout incorporates the following features that were found
desirable in this research project. Merchandise is placed on the selection
line with slow moving items in pallet racks at the beginning of the line and
with fast moving merchandise in floor slots at the end of the line to reduce
the distance order fillers must push the bulk of the merchandise shipped.
Sufficient motortruck and rail dock space is provided for receiving and ship-
ping merchandise. Provision is made for locating the offices in a convenient,
relatively low cost location over the motortruck dock, packing room, and bench
area. Space is provided in the plan for expansion areas that will accommodate
three times the initial volume in groceries and provision is also made for a
perishables department. Support columns are placed UO feet apart, which will
allow, the interior layout to be changed as the building is expanded without
encountering problems with support column spacing,,
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Layout for an Annual Grocery Business Volume of $1$ Million

As shown in figure 38 the basic dimensions of the initial warehouse are

2U0 feet by 320 feet, or 76,800 square feet. Fourteen doors for shipping mer-
chandise and 8 doors for receiving merchandise by motortruck are provided. The
dock at the rail siding would be U5 inches over the top of the rail. Five rail
cars can be spotted at doors for simultaneous unloading into the 15-foot wide
aisle at the rail siding. Remaining aisles throughout the warehouse are 10 to

11 feet wide. The temporary holding area at the shipping dock is $0 feet deep
and is h0 feet deep on the motortruck receiving dock.
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Figure 38.—A suggested warehouse layout designed for a *>l5 million an-
nual business volume in groceries with expansion areas.

The slots for fast moving items are located near the rail siding and
motortruck receiving dock. Since order fillers in this warehouse would use
tow tractors during order assembly, it is not necessary to place the fast
moving items near the end of the selection line. Aisles throughout the ware-

house are designated one-way and lead directly to the shipping dock, where
order selectors can leave assembled orders, obtain the next order and return
to the selection area without spending an excessive amount of time in travel
(fig. 38).
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The repack room and bench areas are located near the shipping dock. The
general office area is located on a mezzanine over the shipping dock, bench
area, packing room, and truck receiving dock, and is reached by two stairways;
one located at the end of the shipping dock and the other at the end of the
receiving dock. A ceiling height of approximately 10 feet is needed over the
docks, bench area, and packing room, leaving approximately 10 feet of height
that can be used for office space on the second floor at lower cost than first
floor space.

An expansion area is provided for the grocery warehouse measuring 160 by
320 feet, or 51,200 square feet. With this expansion area in use, grocery
warehouse space would total 128,000 square feet and an annual grocery volume
of approximately $25 million could be handled through the expanded warehouse.
Three additional rail car doors would be provided, making a total of eight rail
cars that could be unloaded simultaneously in the grocery warehouse. An ex-
pansion area 160 feet wide is shown for a perishables department for handling
frozen foods and produce. Docks could be provided in the perishables depart-
ment for handling receipts and shipments by motortruck and rail cars.

This warehouse layout is planned with the following desirable features.
The rail receiving dock and motortruck receiving dock are located on opposite
sides of the warehouse with merchandise received by the respective carriers
located on the side of the warehouse where such merchandise is received. Suf-
ficient dock space is provided for receiving and shipping merchandise. The
order filler travel route begins near the shipping dock and ends near the ship-
ping dock, thus eliminating the need to transport assembled merchandise great
distances to the shipping dock. Provision is made for an expansion area for
the grocery warehouse, as well as the addition of a perishables department.

Layout For An Annual Grocery Business Volume of $2$ Million

As shown in figure 39, the basic dimensions of this initial grocery ware-
house are 320 by 1*00 feet, or 128,000 square feet. Sixteen doors for shipping
merchandise and 10 doors for receiving merchandise by motortruck are provided.
The temporary holding area on the motortruck shipping dock is J?0 feet deep and
is h0 feet deep on the motortruck receiving dock. Seven rail cars can be spot-
ted at doors for simultaneous unloading into the 15-foot aisle at the rail
siding. All other warehouse aisles are 10 to 11 feet wide with the exception
of the aisles in which the towline operates.

A perimeter towline circles one-half of the warehouse area (fig. 39) and
is used to transport assembled orders on selector trucks to the shipping dock
and to bring empty selector trucks to the assembly area. With use of the tow-

line, order selectors would remain in the selection area and store orders would

be divided into sections to assure an even flow of merchandise to the shipping

dock. With the towline, the possibility of congestion caused by many order

fillers coming to the shipping dock and travel time to the shipping dock would
be eliminated. The center aisle in the warehouse is 20 feet wide to accommo«-

date the towline and two-way traffic.
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Figure 39.—A suggested warehouse layout designed for a $2$ million an-
nual business volume in groceries with expansion areas.

The slots for fast moving items are located principally near the rail
siding where most of these items are received (fig. 39). For the fast moving
bulky items received by motortruck, several aisles are located near the motor-
truck receiving docks. It is not necessary to place fast moving items near
the end of the selection line with use of towlines and tow tractors. Aisles
throughout the warehouse are designated one-way and lead directly to the tow-
line where order selectors can place the assembled orders and obtain empty
selector trucks.

The repack room and bench areas are located between the superintendent's
office and the motortruck receiving dock (fig. 39). With this location as-
sembled packing room orders can be placed on the towline for transport to the

shipping dock. The general office is located on a mezzanine over the motor-
truck shipping dock, superintendent's office, bench area, packing room, and
motortruck receiving dock. The office can be reached by stairways located
near the motortruck shipping dock and receiving dock.

An expansion area 120 by UOO feet, or 1*8,000 square feet, is provided for
the grocery warehouse. With the expansion area in use, a total grocery ware-
house space of 176,000 square feet would be available and approximately $3$
million annual volume in groceries could be handled. A future expansion area
18^ feet wide is shown for handling frozen foods and produce. A motortruck
dock would be provided for receiving and shipping perishable products. Access
to the grocery shipping dock for convenient loading of composite orders of
groceries and perishables would be provided.
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This warehouse also has the rail receiving dock and motortruck receiving
dock on opposite sides of the warehouse. The motortruck docks, packing room,
and bench area are on two sides of the warehouse and the office can be located
above these areas at comparatively low cost. &. perimeter towline is shown to
transport assembled orders to the shipping dock and to bring empty selector
trucks to the selection area. Expansion areas are provided for additional
grocery warehouse space and the addition of a perishables warehouse.
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