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CHAPTER 1

GENERAL

1-1. Purpose and Applicability.

a. This manual establishes uniform storage
and materials handling policies, procedures,
and responsibilities for use by the
Department of Defense (DOD) supply
installations involved in the receipt,
storage, issue and care of mlitary supplies
and equi pnent, except for preservation/
packi ng and defense reutilization and
marketing facilities, maintenance of bulk
petrol eum fuel handling facilities, and
hazardous naterials storage. It is based on
an installation which has a wi de product ni x
and stores heavy tonnage itens such as
subsi stance, clothing/textiles, packaged
petroleum oils, and lubricants (PQOL), as
well as small itens such as el ectronics and
repair parts. Regardl ess of what is
stored, the basic storage principles apply.

(1) Preservation/packing of mlitary
suppl i es and equi pnent is contained in joint
servi ces publications DLAM 4145. 2/ TM 38- 230-
2/ NAVSUP PUB 502/ AFP 71-15/ MO0 P4030. 31C
(vol 1), and DLAM 4145.2 (vol. 1)/ T™M
38-230-2/ NAVSUP PUB 503 (vol II)/AFP 71-
16/ MCO P4030. 21C. Cui dance applicable to
bul k petroleum fuel handling facilities is
set forth in ML-HDBK-201, Petrol eum
Oper ations. Hazardous naterials storage
is provided in TM 38-410/ DLAM 4145. 11/ NAVSUP
PUB 573/ AFR 69- XX/ MCO 4450. XX, Storage and
Handl i ng of Hazardous Material s.

(2) Defense Reutilization and Marketing
Servi ces manual 4160. 5, St or age
Operations (Warehousing), at the Defense
Reutilization and Marketing O fices provides
gui dance on storage of excess and surplus
mat eri al s.

b. The provisions of this nanual apply to
t he Departnent of the Arny (DA), the
Department of the Navy, the Departnent of
the Air Force, the Marine Corps (M), and
the Defense Logistics Agency (referred to
collectively as "DOD Components").

1-2. Policy.

a. |Inplenmentation of this nanual al so
requires conpliance with DOD directives
4165. 60, Solid Waste Managenent - Col | ection
Di sposal, Resource Recovery, and Recycling
Program and 6050.1, Environmental Effects
in the United States of DOD Actions.
Additionally, inplenmentation outside the
United States requires consideration of host
nation environnmental quality |laws and
regul ati ons.

b. Storage and naterials handling
policies, procedures, and nethods at DCD
Conponent supply installations/activities

will be uniformto the maxi num practicabl e
extent. Policies, procedures, and

net hods indicated herein by directive words
such as "will," "shall," or "must," are
mandat ory. The use of such words as "may" or
"shoul d" indicates that the procedures and
met hods descri bed are reconmended, but not
mandat ory.

c. DOD 4145.19-R, Storage and Warehousi ng
Facilities and Services, will be used in
conjunction with this manual

d. \When necessary, DOD Conponents may au-
thorize tenporary devi ati ons when
conpliance with nandatory provisions is
tenporarily inpracticable or the deviation
is required as an exi gency neasure.
Tenporary devi ations, including any
extensions thereto, will not exceed 90 days.
DOD Component s may aut horize interim
deviations fromthe nandatory provisions of
the manual . Advice of any authorized
devi ati on which may extend beyond 90 days
will be forwarded to the Departnment of Arny,
ATTN: DALO SWP, Washi ngton, DC 20310, within
15 days of the date of authorization, for a
coordi nated determ nation as to whet her
it should be (a) incorporated into the
regul ati on,

(b) continued as an authorized devi ation
(c) wth-

drawn, or (d) referred to the Assistant

Secretary of

Def ense (Production and Logistics) (ASD
(P&L))

for approval

1-3. Organization and Use.

a. Organi zation. This manual is organized
by maj or subjects (sections) and functions
(parts). A table of contents reflects the
scope of subjects included. The | oosel eaf
format of the manual facilitates changes and
additions to the text.

b. Table of contents and index. The
organi zation of this publication makes it
possible to locate desired i nformation
easily by referring to the table of contents
in the front of the nanual to determ ne
general locations. Infornmation that is too
detailed for identification by this method
may be | ocated by reference to the topica
i ndex. c. Illustrations. The purpose of
the illustrations is to show by neans of
phot ogr aphs, charts, or conpleted sanple
fornms, the principles and procedures
explained in the text. The illustrations do
not necessarily show current nanes, dates,
and

1-1
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figures, but are included in order that the
principles outlined in the witten
instructions nay be clarified.

d. Publication of changes. The AMC
Packagi ng, Storage, and Containerization
Center (PSCC), DOD Working Group, which is
chaired by a PSCC representative, wll
coordi nate all changes and revisions to the
manual with the appropriate service/

1-2

DLA storage and warehousi ng focal points.
Copi es of proposed changes will be provided
to the service/agency headquarters and an
ASD (P&L) representative upon request.

1-4. Explanation of Terns.

xpl anati on of special ternms used in this
regul ation are explained in the d ossary.



CHAPTER 2

STORACE SPACE MANAGEMENT

Section |. Types of Storage Space

2-1. Introduction.

The contents of this section illustrate the
general characteristics and functions of the
nost conmon types of storage space (covered
and open) used by DOD Conponents.

2-2. Covered Storage Space.

a. Covered storage space is storage space
within any roofed structure. It is used for
the storage of a wide variety of nateria
such as for the storage of general supplies
and anmmuni tion.

b. Covered storage space is generally
conprised of two types of storage space,
war ehouse and nonwar ehouse. War ehouse
storage space includes general purpose,
controlled hunmdity (CH), refrigerated, and
fl ammabl e or hazardous materials facilities.
Al'l other roofed structures are of the non-
war ehouse type. They include, but are not
limted to, dry tanks, sheds, transitory
shelters, nontraditional structures, and
magazi nes.

(1) Warehouse storage facilities. These
facilities have a roof, side and end walls,
and many have ground-I|evel and/or truck or
rail car bed-Ievel |oading docks. Cantil ever
support canopi es over docks may al so be
provi ded. They are generally single-story
bui | di ngs, though multistory buil dings
qualify. These facilities can be nodified to
serve a variety of purposes such as
converted to a controlled humdity facility.

(a) Ceneral purpose warehouse. This
type of warehouse may be heated or unheated
and is used for various storage functions
and for the storage of a wi de variety of
itenms. The greatest portion of covered
storage space at DOD installations is
normally in this type of structure. The
single-story structure with | oadi ng docks at
truck and railcar bed | evel has becone the
standard war ehouse. Figure 2-1 provides an
exanmpl e of a dock-Ievel general purpose
war ehouse. An exanpl e of a ground-Ileve
general purpose warehouse is shown in figure
2- 2.

Figure 2-1. Dock-Level General Purpose Warehouse

2-1
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Figure 2-2.  Ground-Level General Purpose Warehouse

1 As shown in figure 2-1, a truck
dock of sufficient width on one side of the
war ehouse provides for | oadi ng/unl oadi ng of
truck- haul ed supplies. The natching dock and
war ehouse floor pernmt direct access of
mat eri al s handl i ng equi pnent (IVHE) between
war ehouse interior and interior of carrier
conveyance and vice versa.

2 Sonetines, on the side opposite
the truck dock, a railcar dock runs the ful
I ength of the warehouse. This permts easy
access to railcars fromany warehouse door
Rai | docks should be located on either side
of the two right angle sides of new
war ehouses to allow for future expansion of
the buildings. Current construction
techni ques do not favor full |ength docks
due to cost; therefore, a dock(s) to service
a | esser nunmber of doors becones nore
practical .

3 Ofice space may vary in size and
| ocation. In nost instances, such space is
| ocated within the warehouse. In others, the
space is attached to the outside of the
war ehouse. In either case, the office space
is generally located on the sanme side of the
war ehouse as the truck docks.

4 Two nain aisles normally run the
| ength of the warehouse to allow MHE or
supplies to nove straight through the |ength
of the building. These main aisles are
typically connected by cross aisles.

5 Functions normally found in a
general purpose warehouse include | oose
i ssue and/or bul k storage, receiving,
shi ppi ng, preservation, packing, carton
fabrication, and unit and set assenbly.
Speci al caged security areas may al so be
|ocated in the warehouse for the storage
of classified, pilferable, or sensitive
itens.

(b) CH warehouse. This type facility
is used for the storage of itens that
require protection agai nst damage and
deterioration that can result from excessive
hum dity. It is particularly applicable for
itens that are to remain in storage for
ext ended peri ods.

1 Alnost any type of warehouse nay
be operated under CH conditions if properly
seal ed and equi pped. The general purpose
war ehouse i s, however, the type nost
frequently built for or converted into a CH
envi ronnent (see fig 2-3).
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Figure 2-3. CH Warehouse

2 See section VII, chapter 3, for
details on operations in CH space.

(c) Refrigerated warehouse. The
refrigerated warehouse resenbl es a genera
pur pose war ehouse al though it is usually
smal l er, as can be seen in figure 2-4. Truck
and railcar docks may be on opposite sides
of the warehouse or conbi ned on one side.

1 The interior of the warehouse is
normal ly divided into two parts. One part is
designated as chill space in which the

tenperature can be controll ed between 32
degrees and 50 degrees (0 Celsius and 10

Cel sius). The other part is designated as
freeze space in which the tenperature can be
control | ed bel ow 32 degrees (0 Cel sius).

2 \Wen the warehouse is divided into
chill and freeze space, there are no nain
aisles that run the | ength of the warehouse.
Cross aisles provide the access to railcar
and truck docks.

2-3
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Figure 2-4. Refrigerated Warehouse

(d) Fl amrmabl e/ hazardous material s
war ehouse. This facility is built of
nonconbustible materials and is
conpartnentalized with fire walls that have
a 4-hour fire resistant rating. The
hazardous naterials facility contains
expl osion proof lighting, spill containnent
with sloped floors, and trenches which all ow
spilled material to collect in a sunp tank
Care nust be taken to ensure that spills are
cont ai ned and cannot enter into centra
sewerage or stormdrain systens. Protection
cones froman alarmreporting system and
aut omati ¢ del uge-type sprinklers connected
to an adequate water supply. For further
protection, the warehouse is usually |ocated
in an isolated area

1 Inner fire walls w thout doors
are preferred because of the greater fire

2-4

protection afforded. However, fire walls
wi t hout doors necessitate greater care in
stock | ocation since subsequent stock
novenents nust be acconplished without
benefit of free novenent within the
facility.

2 Fi gures 2-5 and 2-6 show an
exterior view of a flanmabl e warehouse and a
hazardous materials facility, respectively.
A floor plan of a typical flanmable/
hazardous materials facility is illustrated
in figure 2-7. As indicated, storage areas
are divided into acids, flamuables,
oxi di zers, alkalis, and niscell aneous.

3 See TM 38-410 or individua
servi ce/ agency publications, as applicable,
for details on operations in flammbl e/
hazardous material s areas.
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Figure 2-5. Flammable Warehouse
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Figure 2-6. Hazardous Materials Facility
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(2) Nonwar ehouse storage facilities.
These facilities have a roof but vary as to
the nunber of walls and type of
construction. Exanples include--

(a) Shed. A shed is a structure w thout

conplete side and end walls. It may be

equi pped with utilities. A shed is used for
the storage of nmaterials that require

maxi mum ventilation or materials that do not
require conplete protection fromthe

weat her. Figure 2-8 shows sone typical exam
pl es of sheds.

Figure 2-8.  Typical Examples of Sheds

1 Most sheds are considered pernmanent
structures since they are not readily
dismantl ed for rel ocati on. However, somne
sheds are transitory in that sonme are
prefabricated structures which can be
di smantl ed for novenent and reassenbly.

2 There are various nmeans by which
items that are stored in sheds and which
requi re added protection fromthe weather

2-8

may be protected while other itens requiring
only minimmprotection are |eft

sem exposed. For exanple, tarpaulins maybe
used as side walls or pallets maybe
positioned to forma protective wall. The
use of pallets in this fashion, where
feasible, serves a dual purpose since

val uabl e storage space inside

the shed will not be occupied by enmpty
pal | ets.
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Figure 2-9. Above-Ground Magazine

(b) Magazine. This type of structure
is designed for the storage of ammunition
and expl osives. These structures are widely
separated in the storage area to nminimze
destructiveness shoul d an expl osi on occur
There are two types, above ground and earth
cover ed.

1 Above-ground mmgazi ne.

(a) This nmgazine is simlar in
appearance to the general purpose warehouse;
however, it is built of fireproof materials
and is well ventilated to | essen the danger
of explosion (see fig 2-9). It normally has
a dock that runs the entire Iength of the
buil ding to service both truck and
railcars.

(b) Inside the typical nagazine,
mai n ai sles do not run the length of the
building as is comopn in a general purpose
war ehouse. Generally, cross aisles
corresponding to the outside door |ocations
run fromthe front to the rear of the
bui |l di ng. However, in the instance of |arge-
|l ot storage (e.g., a single item of
ammuni tion, etc.), aisles in certain
sections of the magazine nmay be elim nated

(c) Although it may be necessary at

times to use a general purpose warehouse to
store small arns amunition, the warehouse
is not classified as a nagazi ne because it
does not have the special design
construction required for proper storage of
amuni ti on and expl osi ves.

2 Eart h-covered magazi ne.

(a) The structure, nore commonly
referred to as an igloo, is generally
constructed of reinforced concrete with an
arch-type roof covered with earth. The
arched roof is an added safety feature since
in the event of an expl osion, the highest
poi nt of the arch which is also the weakest
poi nt woul d col | apse first, thereby
| esseni ng the damage caused by the
expl osion. Figure 2-10 shows two comon
exanpl es of igloos. Al though igloos are not
heated, the tenperature inside ordinarily
ranges between 40 degree and 45 degree in
wi nter to between 60 degree and 70 degree in
sunmer .

(b) The typical igloo has a single
door on only one end which is snaller than a
truck door; however, sonme have doubl e doors.
Truck doors are rare. Nornally, a centrally
| ocated dock(s) is constructed in the
amunition area to service trucks and
rail cars.

2-9
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Figure 2-10. Typical Earth (.. roii M 1pazines
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(c) The isolated |ocation and
pecul iar construction of the igloo limt the
type of MHE that can be used. A clearance
must be provi ded between stacks and walls.
This clearance will be in accordance with
commodity characteristics and regul ati ons of
the appropriate mlitary service. In
addition to quantity distance factors,

14/ DLAM 4145. 12

uni form stacking heights are linited due to
the arched roof.

(c) Gher. There are various other
non-war ehouse facilities that can be used
for storage such as the hangar shown in
figure 2-11 which is used for the storage of
helicopters. In addition, the follow ng are
i ncl uded:

Figure 2-11. Helicopters Stored tn a Hangar

1. Dry tank. Figure 2-12 shows a dry
tank storage area. The tank is constructed
of bolted netal except for a concrete floor
It may be tenperature and/or humidity
controlled. The tank may be conpletely

seal ed (sections must be unbolted for
access) or fitted with a single door. Dry
tanks are used for |ong-termstorage. Access
roads parallel the rows of tanks. Because of
the size and shape of dry tanks, there are
no operating aisles for MHE al though MHE is
used in the storing process.

2-11
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Figure 2-12.  Dry Tank Storage Area

2. Transitory shelter. A transitory
shelter is a prefabricated netal structure
normally with conplete sides and ends.
Uilities are not nornally included therein
al t hough they are sonetinmes provided. Such

structures can be dismantled for novenent
and reassenbly. A transitory shelter

is classified as a storage aid rather than a
real property facility. Figure 2-13 shows an
exanple of a transitory shelter
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Figure 2-13.

3. Nontraditional storage structures.

These structures generally offer a less
costly alternative to the conventiona
brick-and-nortar type storage facilities.
Most offer the advantage of a clear span
on-site fabrication, and fast on-site
assenbly. Sone offer the advantage of being
totally rel ocatable. They can be constructed

Type of Transitory Shelter

of metal as can be seen in figure 2-14. This
structure is referred to as a RELMS (rapidly
erectabl e |ight-weight nobilization
structure). Other structures are constructed
of fabric stretched over a netal frame and
are referred to as stress tension shelters
(STS) (see fig 2-15).

2-13
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Figure 2-14. Example of RELMS

Figure 2-15.  Example of an STS

2-14
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2-3. Open Storage Space.

a. Open storage space is all uncovered
space that is used for storage purposes.
There are two types of open storage areas,
i mproved and uni nproved.

(1) Open inproved storage space. This
spacei ncl udes areas that have a finished
surface such as space that has been graded

and surfaced with concrete, tar, asphalt,
crushed stone, gravel, or other suitable
topping. The area is surfaced with a

sui tabl e toppi hg which provi des adequate
drai nage necessary to afford the itemwth
protection fromwet ground conditions.

Fi gure 2-16 shows an exanple of a hard
surface open inproved storage area.

Figure 2-16. Hard Surfaced Open Improved Area

(a) An open inproved storage area
usually has a hard surface of a nore
conventional surfac ing topping which
provi des an adequate running surface for the
operation of MHE. A steel mat topping nmay be
used in sone instances due to i medi ate need
or lack of other suitable topping; however,
this method is not desirable.

(b) Storage |layouts for open inproved
areas vary because of terrain features and
types of commodity stored. In reality,
ai sl es becone roadways
due to the size of the WMHE required.

(2) Open wuninproved storage space.
Thi s space consists of unsurfaced open areas
desi gnated for storage purposes.

(a) The limtation on the use of MHE is
a significant disadvantage of open
uni mproved storage. This type storage should
be used only with certain stock and only
when a hi gher upgrade of open inproved space
is not avail able.

Section Il. Space Requirenment Factors

2-4. Ceneral

a. Storage space is a basic resource of
any storage operation. Econony depends upon
the optimumutilization of this space and
t he proper arrangenent of operations
incident to the receipt, storage, and issue

(b) A storage layout for an open
uni nproved area is affected by the sane
criteria as that for open inproved storage
areas. However, to take advantage of
exi sting drai nage, supplies nay have to
be positioned and aisles or roadways may
have to be |l ocated, without regard to
conventional storage practices.

b. Storage nanagers nust be aware that
materi al stored in open storage areas nmay be
ei ther approved or unapproved for storage in
such areas. Material that is approved for
open storage is so authorized because there
is little or no concern of damage to the
mat eri al which could result fromthe
el ements of an open environnment. Sonetinmes
material stored in open areas i s unapproved
for storage in that the material requires
covered storage but is being stored in open
areas. Unapproved open storage can result in
causi ng severe damage to the material being
stored because of overexposure to harsh
envi ronment al conditions.

of materials. Space econony can be obtained
only by thorough planning for the use of
space.

b Space requirenments are not conputed on
an "after the fact" basis. That is,
i nventories are not
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stored and then conputations devel oped to

i ndi cate that X ampbunt of storage space is
required. To the contrary, space

requi renents are projected ahead of actua
physi cal occupancy with sufficient accuracy
to avoid overallocation.

2-5. Scope.

This procedure does not apply to wet storage
areas; rolling stock yards; petroleum oil
and lubricants (POL) tank farms; storage of
complete aircraft; industrial tool storage
in contractor plants; or to ammunition
storage space conputations which are

devel oped under separate instructions of the
nmlitary services.

2-6. Considerations in Space Requirenent

Conput at i ons.

There are many factors which nust be
considered in devel oping a procedure for
conputing storage space requirenments. These
factors nust be recognized in a way that
will enable ready adaptability by al

echel ons concerned with conputi ng space
requi rements or occupancy factors. The
following identify these key factors, sone
of which are illustrated in figures 2-17

t hr ough 2-19:

a. Quantity of inventory. Although nmany
el ements contribute to the computation of
storage space requirenments, quantity is the
basic el ement or conversion factor. From
this, space requirenents can be conputed
t hrough application of dollar value and/or
cubi c footage of supplies.

Figure 2-17.  Space Is Three Dimensional
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the fullest extent...save floor
space for additional receipts.

Figure 2-18. Effective Use of Vertical Space
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b. Characteristics of storage facility.

St orage space is three di nensional
therefore, facility characteristics nust be
carefully analyzed. Limtations such as
stacki ng height, floor capacity, structura
cl earance, and ot her obstacl es nmust be
recogni zed. For exanple, coils of stee
bandi ng are usually stacked in a col unnm that
is erected to only noderate storage height.
Al t hough the characteristics of this item
with regard to stability would allow a
substantially higher stacking |level, the

wei ght, considering floor |oad capacity, has
reached the maxi mum Therefore, floor |oad
capacity may influence stacking heights.

c. Equipnent capabilities. Use of
potential warehouse storage hei ght may be
restricted by equi prment capabilities to
achieve the vertical utilization. For
exanpl e, even though a warehouse provides

floor load capacity and clear vertical
space, full utilization could not be
realized if adequate stacking equi pnent were
not avail abl e.

d. Commodity characteristics. The
maxi mum st acki ng hei ght potential is also
i nfl uenced by the characteristics of the
material or its packaging.
These may not pernit stacking to the height
avai l abl e. The type of comodity being
stored nust, therefore, be considered in
det erm ni ng whet her the gross cube avail abl e
can be filled. This consideration supports
the idea of categorizing supplies into
groups to pronote a constant storing hei ght
potential. Sonme exanples of the effects of
comodi ty characteristics on storage heights
(see fig 2-20)
i ncl ude-

Figure 2-20. Examples of the Effects of Commodity Characteristics on Storage Heights

(1) Forklift trucks are representative of
unpacked and unusual |y shaped itens that
preclude stacking. Itens of this type, in
the interest of efficient space utilization,
are normally | ocated in storage areas where
the | east storage hei ght exists. Inventory

2-18

such as this is categorized as being of
limted stacking hei ght potential

(2) Itens which are packed in containers
of substantial strength or itens which
support the surface of the containers wll
ordinarily lend to
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hi gh stacking. Therefore, selection of
storage | ocation should provide for maxi mum
stacki ng hei ght potenti al

(3) There are many itenms which lend only
to noderate stacking heights for severa
reasons. Packs nay be too weak to withstand
the wei ght inposed as a result of relatively
hi gh stacking or the packs may be unstable.
Bagged itens are an exanple of itens that
can be stacked to a |limted height.

e. Total warehouse storage space. The

gross storage space w thin a warehouse
i ncl udes-

(1) Storage support space. See paragraph
2-13e.

(2) Aisles. See paragraphs 2-9f and 2-
13e.

(3) Structural |oss. See paragraph 2-13e.

(4) Net storage space. See paragraph 2-
13e.

f Occupancy of net storage space.

Consi derations such as ceiling heights,
commodity characteristics, and "el bow roonf
are factors which preclude the possibility
of conpl ete occupancy of net storage space.
In any storage operations, it is desirable
to have "el bow rooni available for
operations flexibility. This "el bow roont
space nmust be linmted to the absolute
m ni mum for effective storage. Sufficient
"el bow room' should be available to minimze
the conti nuous necessity for relocation of
stocks to "fit" additional receipts into the
storage pattern. Fifteen percent of the net
avai | abl e space is considered an adequate
al | owance for "el bow roonmt for genera
supplies. Amunition is governed by
quantity-di stance factors found in appro-
priate publications.

2-7. Devel opnent of Data for Use in Space
Requi renment Conput ati ons.
Conput ati on of space requirenents should use
cubic feet and/or square feet as conversion
factor(s) inrelating material to space. In
the planning for, and selection of nateria
for storage in specific warehouses or
war ehouse sections, the selection should be
based upon the vol une of inventory,
stackability, bin requirenments, etc. In
other words, nmaterial with | ow stackability
shoul d not be located in high ceiling
war ehouses when | ower ceiling or |ower floor
| oad capacity warehouses are available. This
al so applies to bin areas, storage support
areas, relatively small inventories of the
same item etc. The following will apply in
devel opi ng data to support space
conput ati ons:

a. Average stacking heights. The
characteristics of storage facilities
i nfluence the heights to which material nmay
be stacked. The conposition of the inventory
will normally vary frominstallation to
installation with resultant effects on
aver age stacking heights. For exanple, a

substantial inventory of an itemthat
possesses very limted high storage
potential, as opposed to a very linmted
inventory of the sane item would have a

mar ked bearing on storage hei ght average for
that item For this reason, each storage
activity must conpute independent data which
will reflect average potential storage

hei ght of inventory.

(1) I'n order to relate to space, the
stacki ng hei ght nmust be established.

Est abl i shi ng stacki ng hei ght should not be
predi cated on the basis of the height to

whi ch supplies are currently stored, but
rather to the potential storage height, that
is, the height to which supplies are capable
of being stored in accordance with proper
war ehousi ng practices. Inventory is another
i nfl uence which nust be recogni zed. For
exanpl e, the quantity on hand could result
in sone supplies being stacked to | ess than
the potential height. This practice reduces
the average potential height. The term "ad-
justed potential storage height" applies to
this reconputation.

(2) It will be necessary to survey
inventories in order to deternine acceptable
and attainabl e storage heights. To provide
greater accuracy and | essen expenditure of
manpower, conputers should be used, when
avail able. To attain satisfactory benefits
fromsuch a survey and to avoid establish-
ing stacking heights for each item supply
inventory should be grouped into selected
categories and the average heights
determi ned for each category. For exanple,
separate categories may possibly be
established for type 1, easy l|load; type 2,
average | oad; and type 3, difficult |oad, as
defined in the glossary of terns, and for
unpacked itens such as vehicles.

(a) Supply groupings should be
sufficiently categorized to reflect
relatively constant and accurate average
potential stacking heights as well as
adj usted potential stacking heights which
take into account the variables of supply
i nventory.

(b) Results of the survey wll
i ndicate an overall potential height and
adj usted potential height for each category
groupi ng. This should be frequently assessed
to assure data correctly reflect the current
storage situation.

b. Square foot conputations.

(1) Stacking height data will be
reconciled to the anmount of floor area
(square footage) that is currently utilized
in storing inventory. In the event that
potential or adjusted potential storage
hei ght is not fully occupied, provisions
must be nmade to identify the current
excessi ve occupancy of square feet of floor
area in order to reflect the actual net
square feet of storage space required to
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store inventory. The height of stacking should and

be extended by attrition to bring the actual A
storage in balance with the adjusted --- = Adj usted vertical Space utilization
potential, thereby equalizing the amunt of AP EFFECTI VENESS
net square feet actually occupied.
(a) Before the square feet required to wher e:

store inventory can be obtained, the space P = POTENTI AL St orage hei ght,

occupancy effectiveness (see Fig 2-21) nust be A = ACTUAL Storage height, and

cal cul ated, as follows: AP = ADJUSTED POTENTI AL st orage

A Potential vertical Space utilization hei ght .
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Figure 2-21.  Space Occupancy Effectiveness

(b) The square feet required to store inven- S = SQUARE FEET occupied by
tory (see Fig 2-22) is calculated as follows: inventory,
SxE=R E = Space occupancy
EFFECTIVENESS, and
where: R = Square feet REQUIRED to store
inventory.
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Figure 2-22. Actual Square Feet Required to Store Inventory

(2) As an exanple, a survey has indicated
that supply category X is capable of being
stacked to an average potential height of 14
feet and an average adjusted potential height
of 13 feet. The survey al so disclosed that
material currently occupies 218,000 square feet
of floor space. The average
stacki ng height to which naterials are actually
stored averages only 12 feet. How many square
feet are required to store the inventory?

(a) First, the space occupancy
ef fectiveness is calcul ated as foll ows:

A 12 86% potential vertical space
- utilization effectiveness
14
and
A 12 92% adj usted potential vertica
- - space utilization effectiveness.
Ap 13

(b) Then, the square feet required to
store the inventory can be cal cul ated as
f of | ows:
187, 480 square
Sx E = 218,000 x .86 = feet required
for
opt i mum
ef fecti veness
and
200, 560 square
feet required to
Sx E = 218,000 x .92 = store present

i nventory.

c. Cube Foot conputation. Si nce both hori -

zontal and vertical dinensions have been
provi ded in paragraphs (a) and (b) above, the
mul tiplication of the total square foot area of

storage by the stacking height (feet) wll
equal the cubic feet of storage space
avail able. The followi ng is applicable:

2-21
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Figure 2-23. Dollar Value Per Cubic Foot

(2) All for i ing receipts (estimated). where:
Compute as follows to determine the additional 1
cubic and square feet required to store additional
inventory (see figs 2-24 and 2-25):

INBOUND receipts cost value,
VC = DOLLAR VALUE of “on hand”
inventory per CUBIC foot, and

I CF = CUBIC FEET required to store
—— = CF additional inventory.

s
»
.

ccmeeey

Figure 2-24. Cubic Feet Required to Store Additional Inventory
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Figure 2-25. Square Feet Required to Store Additional Inventory

(3) Allowance for outgoing shipnents (esti-
mated). This is a reversal of the procedure for in-
com ng receipts and is conputed as foll ows:

0 H = Vertical storage HEIGHT to which
.- = CR i nventory was stacked
VC
CR = CUBI C FEET of space
wher e: RELEASED t hr ough shi pnent
O = OUTBOUND shi pnent cost val ue, of inventory, and
VC = DOLLAR VALUE of "on hand"
inventory per CUBIC foot, and SR = SQUARE FEET of space
CR = CUBI C FEET of space RELEASED t hr ough shi pnent
RELEASED t hr ough shi pnent of inventory.

of inventory.
e. Bin areas. The conputation of space re-

Al so, quired for establishnent of bin areas will be

predi cated on the follow ng:
CR (1) The nunber of line itens to be stored
————— = SR which will reflect the nunber of bin openings re-
H qui r ed.

(2) The size of bin openings (outside dinmen-

wher e: si ons.
(3) The height to which bin colums wll be
erect ed.

f. Space utilization in storage support. Not al
space in a storage area can be allocated to mate-
rail storage. However, the allocation of space from
actual storage to storage support functions should

2-23
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be held to the m ni nrum consi stent with good oper-
ating practices. Considerations in computation of
space requirenments for storage support activities

(see fig 2-26) are as follows:

Figure 2-26  Factors of Consideration in Computing Storage Support Space Requirements

(1) The requirenents for space for
storage support functions are greatly
i nfluenced by the nission responsibilities
of the particular activity. For exanpl e,
tonnage handl ed or net storage space
operated need not necessarily have an
absol ute bearing on the amount of space
al l ocated to preservati on and packi ng.
Detai |l ed eval uation of the particul ar
operating circunstances woul d, therefore, be
necessary before accurate conputation could
be acconpli shed.

(2) I't would be inpractical to
establish firmratios of space allotted for
storage purposes on the basis of personne
enpl oyed or gross area operated. However,
st orage managenent personnel shoul d
frequently apprai se actual support
requi renents to assure that val uabl e space
is not allocated to these functions in
excess of m nimum requirenents.

(3) Conputation of space requirenments
for support functions should be devel oped,
in great part, through review of both past
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and current requirenment experience. \Wen
proj ecting future needs, consideration
shoul d be given to possible nission changes
which woul d alter requirenments. Such
acknow edgenent will enhance the accuracy of
proj ected all ocations as conpared to actual
proved need. g. G oss space requirenents.

(1) The fornula for conputing gross space
requirements is

N+A+SS+S=0G

wher e:

N = NET SQUARE FEET of space
al | ocated to storage,

A = Space allocated to Al SLES,

SS = Space consigned to STORAGE
SUPPORT functi ons,

S = STRUCTURAL | oss space, and

G = GRCSS storage area

(2) This fornula applies to determ ning
gross storage space requirenents in covered
and open
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storage areas. In applying the formula to open

storage areas, consideration need not be given to
such facility restrictions as may affect stacking

hei ght s.

Section IIl. Determ nation of Storage Space Requirenents (DOSSR) Mt hod

his section will be published at a | ater date.

Section |IV. Planning the Storage Layout

2-8. Introduction.

a. A storage area floor plan layout is an
excel | ent nanagenment tool for space control
It enables planning for the effective use of
space. The layout is the franework in which
the overall depot storage space is
devel oped. It serves as the basis for
devel opi ng the storage area pl anographs. The
| ayout is also the basis for preparation of
the storage space status report (see para 2-
12f). Storage plans for installations and
activities storing anmunition will be
devel oped as prescribed by the responsible
mlitary service

b. Using the principles of space
requi renents deterninations outlined in
section Il, this chapter, and the DOSSR
study method di scussed in section IIl, this
chapter, effective storage |ayouts can be
devel oped.

c. A conplete and current floor plan shows
the actual nmanner in which the gross space
within a storage area is used. The plan
shows the division of space into storage,
recei ving, shipping areas, main and cross
aisles, fire aisles, and offices. Each
section or other subdivision of the floor
plan will show the square footage of gross
space, the nonstorage space, and the net
space avail able for storage.

2-9. Factors Influencing Layout Plan

a. Iltemsimlarity. Itens with simlar
handl i ng requi renents shoul d be stored
t oget her when practicable. This facilitates

storage and issue and al so contributes to
ef fective care of supplies. There is
normal ly no requirenent that material wll
be segregated and stored by an inventory
manager .

b. Itempopularity. Activity or
popularity is an inportant factor in
pl anni ng the storage | ayout for material
The fastest noving bul k stocks should be
pl anned for storage in areas that are
qui ckly and easily accessible to reduce
travel of MHE and stock sel ection personnel
Loose issue areas should be | ocated adjacent
to packing and processing areas. Fast
novi ng bin stocks should be easily ac-
cessible to expedite stock sel ection and
repl eni shment actions. To the extent
feasible, itens with the slowest turnover
rate shoul d be planned for placenent in
areas progressively farther from active
stock or processing areas. The principle of
| ocation by popularity is shown in figure 2-
27.

c. Iltemsize and weight. The dinmensions
and wei ght of individual itens affect not
only the amount of storage space allotted,
but also the location in which itens are to
be stored. For exanple, a 5-ton dynano woul d
be stored in a location that would provide a
bal ance between accessibility to required
MHE and t he | east ampunt of intradepot
transport. Normally, except for those itens
requiring overhead cranes for handling, the
greater the itemdensity the | ess overhead
cl earance or ceiling height required.

2-25
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Figure 2-27. Storage of Stocks by Popularity

d. Itemquantity. Quantity of nmaterial on
hand affects the amount of space required on
the layout. Frequently, it is desirable to
i ncrease the anount of space assigned to an
itemin a single location in order to
elinmnate the need for two locations. This
may reduce effort and travel in
repl eni shment actions for binnable items and
reduce adnministrative effort required for
mai nt enance of the location record system

e. ltemcharacteristics. The
characteristics of nost itens of supply are
such that special storage areas are not
requi red. However, sone items require
speci al considerations. They include
hazar dous, sensitive, and perishabl e and
deteriorative itens.

(1) Hazardous. These materials have
characteristics which require that they be
specially stored or handled to prevent a
hazard to personnel and facilities. This
factor rnmust be kept in m nd when planning
storage layouts (see TM 38-410) or service/
agency publication, as applicable.

(2) Sensitive. Sensitive materials
require a high degree of protection and
control due to statutory requirenents or
regul ations. Included in this category are
itenms such as narcotics and drug abuse
itens; precious netals; high-value iterns;
hi ghly-technical itens; items of a hazardous
nature; and small arns, amunition,
expl osives, and denolition material (see sec
VIIl, chap 3).

(3) Perishable and deteriorative. Sone
materials have a linted storage life and
care nust be taken to ensure that the ol dest
stock or that which nmay have an earlier
expiration date is issued first. Many foods,
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drugs, etc., must be kept in refrigerated
areas or in tenperature-controlled areas
For all itens of a perishable or
deteriorative nature, the nost suitable
storage environment nust be nmade avail abl e
(see sec |V, chap 5).

f. Aisles. Preplanning of aisle
positioning on |layouts nmust be done prior to
pl acenent of materials. Allowing the aisle
| ayout to take shape as materials are placed
in stock may result in placing materials in
i naccessi bl e locations and/or in |oss of
space.

(1) Aisle layout is determ ned by the
structure of the warehouse; quantity,
nature, and activity of materials to be
stored; and by the types and capacity of
avai | abl e MHE

(2) Aisles should only be w de enough
to provide nmaneuvering roomfor MHE
avail abl e for the stock storage and
sel ection actions. For aisle wi dths required
for forklift truck operation, see paragraph
1 bel ow.

(3) Wdth of aisles in bin and shel ving
areas should pernit easy movenment of stock
sel ector trucks through the storage area.
Cenerally, this requires an aisle of 30 to
36 inches in wdth.

(4) Aisles should be planned to
provi de straight and cl ear passageways
unobstructed by support colums, elevators,
heaters, or other such construction
features. A particularly inmportant factor is
the | ocation of colums. Space |oss due to
colums will be reduced if colums are used
as ai sle and bay boundari es.

(5) There are three mjor types of
ai sl es:
wor ki ng, personnel, and servi ce.
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(a) Wrking Aisles. Working aisles
are passageways used to access storage
| ocations during the receipt, inspection
and issue processes. Wrking aisles are of
two types, transportation aisles which run
the Iength of the building and cross aisles
whi ch run across the width of the buil ding.
1 The working aisle widths specified
herein are not to be construed as the
absolute limtation for all operations. They
represent the dinmensions under which nost
operations may be conducted. Aisle widths
must be established to ensure conplete
consonance between operational efficiency
and space econony. The aisle w dths
speci fied bel ow are based upon a | oad of 40
i nches on electric vehicles.
Sit-down counterbal anced rider 12 feet O
inches (4 wheel) truck.
Stand up counterbal anced (3 10 feet O
i nches

wheel ) truck.
Reach truck..................... 8 feet O
i nches
Deep reach truck................ 8 feet 6
i nches
Swing reach truck............... 5 feet 6
inches to

6 feet O
i nches
Turret truck.................... 5 feet 6
inches to

6 feet O
i nches

isles widths for different |oad | engths will
be determ ned on the basis that a variation
of 8 inches in the load length will have a
correspondi ng variation of 6 inches in the
aisle width. For exanple, a 48-inch | oad
length will increase the aisle w dths

i ndi cated above by 6 inches. Deternination
of aisle width is affected by turning radius
of MHE to be used.

2 In nost storage |ayouts, the vol unme
of activity requires two transportation
aisles of efficient [ayout. Such aisles run
the length of the building and shoul d be
wi de enough to permt two-way traffic of MHE
being utilized in that particul ar area.

3 At least two cross aisles are
needed in the standard warehouse section
Such cross aisles should be in accordance
with the aisle requirenents outlined in
paragraph 1 above. The bul k of storage
operations will be carried on in cross
ai sl es.

(b) Personnel aisles. Pesonnel aisles
are those used as pedestrian routes only and
may be required for access to door or to
special interior areas. Such aisles should
be held to a minimum If traffic volune does
not create a safety hazard to personnel
wor ki ng ai sl es can/shoul d doubl e as
per sonnel ai sl es.

(c) Service aisles. Service aisles are
those which provide access to stacks for
i nventory, inspection, or for protective
processi ng. The requirenents for service
aisles are very linmted. Efficient
war ehousi ng operations require that each
storage row contain only one itemwth the
same nunber of containers per pallet. This
facilitates inventory as well as issue and
normal |y makes special aisles unnecessary.
However, such aisles nay be necessary for
special commodities (e.g., subsistence,
etc.) which require frequent inspections.
(6) Every block of material should be
adj acent to a working aisle and stored so
that stock can be renoved wi thout the
necessity of noving another item The
si mpl est neans of providing accessibility
is to create a | arge nunber of aisles and
short rows, but this practice is
inconsistent with the principle of
m ni m zi ng the nunber of aisles. The best
rule to followis to be certain that
materials are stored on both sides of and
facing the working aisles. Pallet racks,
pl aced parallel to the I ong dinmension of the
building, in side-to-back storage with a
bul k stock, permt the use of transportation
aisles to provide accessibility to small | ot
mat eri al
(7) Since a mix of material nay contain a
wi de variety of |ot sizes, various bay
dept hs nust be provided. For exanple, if a
single colum of pallet loads is placed in a
bay which has a capacity of five such
col umms, space for four colums is |ost. The
availability of a variety of bay sizes is
affected by aisle layout and the direction
of storage. Wen the best conceived plan for
direction of storage fails to produce a
sufficient nunber of small bays for the
class of material handl ed, the nunber of
wor ki ng ai sl es nmust be increased.
g. Wrking areas. Wrking ar eas are
nonst or age space (other than aisles) in
whi ch operations incident to storage or
mat eri al s handing are perforned. WrKking
areas include receiving and shi ppi ng bays,
packi ng fl oor space, strapping lines,
battery charging stations, offices, and
| ocker roonms. Such spaces reduce storage
areas and, therefore, should be held to the
m ni mum
(1) Working areas are normally located in
those portions of a warehouse which have the
| owest ceilings. Usually, areas which serve
all personnel in a building (e.g., offices,
| ocker roons, etc.) are located in the
center section of the building against a
side wall. This precludes entering personne
from wal ki ng through the storage areas and
interrupting work. Working areas are | ocated
so as to mnimze to total time required for
travel of personnel and equi prment between
storage | ocations and worki ng areas.

2-27
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(2) Although set rules cannot be
established for allocation of space to
working areas, it is essential to keep such
space to a mnimum Wrking areas nust be
controlled to ensure that such areas do not
expand beyond the defined boundaries.

(a) Tenporary storage of materials
within a working area, particularly in
recei ving and shi ppi ng bays, should be held
to a mni mum Recei pt and processing
operations shoul d he organi zed so that
mat eri al s can be processed i nmedi ately and
renoved to their storage |ocations.

(b) Utilization of cube in working
areas is just as inportant as in storage
space. The use of pallet racks and shel ving
frequently will save space in working areas.

(c) Wien practical, working areas
shoul d be consolidated. For exanple,
creating a centralized packi ng operations
for several buildings will result in |ess
space consunption than a separate operation
in each of the buildings. Also, this
facilitates the centralized use of specia
equi pnent and concentrates the supervision
of specialized jobs.

2-10. Preparation of Layout PIan.
When maki ng storage | ayouts, whether for
covered or open storage, a floor plan for

each storage area should be prepared. The

pl an nust indicate all obstacles such as
support colunmms, stairwells, elevator
shafts, office | ocker roonms, and rest roons

(see fig 2-28).
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Figure 2-28. Storage Floor Prior to Stock Layout

a. Basic bulk storage |ayout criteria.
Most of the principles involved in bul k
storage are exenplified in the layout for a
conplete building as illustrated by figures
2-29 and 2-30. Various layouts for bulk
storage are shown. There is practically no
variation in bay depth as shown in figure 2-
29; each bay is about 40 feet in depth,
thus, a lot of |ess-than-carload quantity
will not conpletely fill a bay and,
therefore, results in | oss of space. The
mai n ai sl e runs | engthw se through the
bui | di ng. When conparing figure 2-29 with
figure 2-30, note that the aisle layout is
unchanged, but that in figure 2-30, al
ai sl es are used as storage spaces and a
vari ety of bay sizes are provided. Also,
figure 2-30, side-to-back bays of various

in
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sizes | ocated adjacent to each intersection
This minimzes the distance required to nmove
a small lot fromor to the door or another

bay. l l
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l l Figure 2-30. Space Layout for Large and Small Lots

(1) Easy access to material nakes

T T 1‘ f direction of storage a significant factor in
space utilization. Selection of the proper
Figure 2-29. Space Layout for Large Lot d| I’eCtI on Of stor age can be | nVaI Uab| e | n

providing a variety of bay sizes w thout
i ncreasi ng the nunber of working aisles. At

the sane tinme, such planning tends to spread
to

2-29
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volume of traffic equally over all working
ai sl es thereby relieving congestion

(2) Figure 2-31 shows a |layout for |arge
| ot storage devel oped in respect to
direction of storage. This was devel oped
based on the direction of storage in a bay
80 feet square. Columms and ot her
obstructions are not shown in this
arrangenent .

i

(3) The sinplest but nost inflexible

di sposition of storage space is storage of a
single itemaisle to aisle shown by figure
2-31, part A. Wth 4 pallet |oads stacked in
each space, there are faces for 17 different
items, with each row containing 68 pallets.
This is the equival ent of about two carl oads
of materials. This |layout does not provide
for storage of snmall lot itens.

Figure 2-31. Example Direction of Storage Arrangements

(4) One nmethod for increasing the nunber
of rows and reducing the depth of each row
is showmn by figure 2-31, part B. The area
has been bisected by an imaginary |line
perpendicular to the direction of storage,
and in each row different itens are placed
in opposite directions fromthis line. This
practice is known as "back-to-back" storage
and is standard for all storage using the
forklift truck and pallet system This
net hod all ows faces for 34 itenms instead of
17 and each row is only 40 feet deep, the
equi valent of 1 carload. This layout is an
i nprovenent over that shown in figure 2-31
part A, however, it still does not make
provi sions for |ess-than-carload quantities.

(5) Another method of storage which
provides further flexibility is obtained by
pl aci ng short rows of pallets along the
sides of a large bay as shown in figure 2-
31, part C Stringers for these pallets are
per pendi cul ar to the predoni nant direction
of storage; this is known as "side-to-back"
storage. An imaginary line is drawn and

small lots are placed fromthis line out to
the aisles. Using all aisles as faces of
stacks provi des space for small |ots without

i ncreasing the nunber of aisles and without
sacrificing accessibility.

(6) The off-center division shows how
further variety in row sizes can be provided
(see fig 2-31, part D). The back-to-back
line is set off-center which provides one
very large bay and one of internediate
depth. Such a layout is desirable only when
there is assurance that a substantial nunber

2-30

of items will be held in quantities of two
carl oads or nore. The depth of side-to-back
bays varies fromone to four pallets to
provide a variety of short rows. Pall et
racks placed side-to-back in bays permt
fuller space utilization. Figure 2-31, parts
A, B, C, and D, are not intended to present
a standard | ayout for any class of
materials, but only to point out what can be
done with a fixed space and various aisle
arrangenents to provide maximumflexibility
for storage operations.

b. Basin bin, shelf, and rack | ayout
criteria. The ampbunt of space assigned to a
specific itemwithin a bin section is
governed by the factors shown in paragraph
2-9 above. However, the size or weight of an
itemis not necessarily related to its
popul arity. Fast noving binnable itens,
whet her |arge or small, must be reassigned
space adequate to nminimze repl eni shnent
frequency, time, and effort. There are many
factors favoring issues frombin |ocations
and the repetitive issue of small quantities
of binnable-type items frombul k storage can
rarely be justified. Proper use of bins wll
m nimze the inventory and security
probl ens found where there are broken cases
of binnable-type items in bulk storage
| ocations. Fast nmoving items shoul d be kept
inthe center levels to facilitate issue and
the heavy itens should be placed in the
| ower |evels. Lighweight itens should be
pl aced on the upper |evels. Bin shelving
arrangenents are devel oped on a sheet plan
(see fig 2-32).
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Figure 2-32. Bin Shelving Plan Sheet

(1) The utilization of 75 percent of
space within bin and shel f openings,
determ ned on the stock level to be carried,
wi Il be considered adequate. Losses in cube
beyond this figure indicate the need for
readj usting the size of bin or shelf
openi ng.

(2) Doubl e decking of bins and shel ving,
if practicable, will result in better
utilization of storage space. However, other
factors involving econony of operation
shoul d be consi dered, and when increased
operating costs offset the savings, bins and
shel ving shoul d not be doubl e decked. When
nmezzani ne platforms are used, they should
have open-type netal floors which will not
obstruct the effective use of sprinkler
syst ens.

(3) A deternination of storage aid
requi rements should be nmade prior to actua
devel opnent of stock |ayout planographs.
Appropriate adjustmment of these requirenents
shoul d be acconplished at any time it is
found that increased space utilization can
be achi eved. Typical storage aids are bins,
shel vi ng, shelf boxes, and various types of
racks.

(a) Shelf boxes can provide a flexible
arrangenent for efficient use of shelf
space. The shel f boxes provide retainer
wal | s on four sides of the naterial being
stored thereby elimnating stock sl oping
whi ch wast es usabl e cube space. Shelf boxes
can al so be "doubl e stacked" on a bin
shelf to facilitate use of cubic space. Wen
relocation of the itemis required, it can
be acconplished by noving the shelf box with
contents. The result is reduced handling of
| oose stock. Basic types of shelf boxes are-

1 Small, one conpartment.

2 Small, two conpartnents.

3 Large, netal, one conpartnent.

4 Large, corrugated
A conpl ete study of shelf boxes has been
made to determi ne the sizes which provide
the greatest flexibility. The standard smal
one and two conpartnment shelf boxes are 4 1/
2 inches high, 5 1/2 inches wi de, and 1 foot
5 inches deep as shown in figure 2-33. The
standard | arge one conpartnent steel shelf
box is 10 3/8 inches high, 11 1/4 inches
wi de, and 17 1/2 inches deep as shown in
figure 2-34. As shown in figure 2-35, the
standard | arge corrugated shelf box is 8
inches high, 10 inches wi de, and 16 inches
deep. Figure 2-36 shows a typical bin shelf
box arrangenent. The shelf space sizes 1
through 6 indicate the nunber of standard
boxes required to house the itens; size 3X
i ndi cates one conpl ete shel f w thout boxes;
size 6X indicates two conpl ete shel ves
wi t hout boxes. Smaller itens are stored in
small 1 or 2 conpartment shelf boxes which
fit 12 to the shelf. These smal
conmpartnments can be further divided to
accommodate small itenms (e.g., nuts, bolts,
etc.).

2-31
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Figure 2-33. Shelf Box, Small, Ore and Two Compartment



TM 38-400/NAVSUP PUB 572/AFMAN 238-210 MCO 4450.14/DLAM 414

SECTION ThAY
LABEL MOLOER
- « a L]
we| ] Il
.
[ X3
o
_ a D) 0]
! p—— T ——f
. ne S T
Tor viEw FRONT viIgw
[
— . m——,

I— 1

............ # 18 g,

Steel # 18 ga. xpot welded, all Inpw forming box shall be 1°°.

Steel No. 20 to be xpot welided (o front (114" x TX) end of ahell box.

_—-. Steel Nu. 20 10 be spot welded on front etd of hox (o acconunodate card 4%4°° wide by
1%°° high.

9683

Figure 2-34. Large Metal Shelf Box



2-34

TM 38—400/NAVSUP PUB 572/AFMAN 23-210 MCO 4450.14/DLAM 4145.12

FLAPS FOLD MSIOE OF SOK

I
1

TOP Vigw R VIEw
1. —
|
1 l_ I
S108 VIEwW
wY‘l
SPECIFICATIONS: ’“ﬂ.l‘ 90X, CORRUGATED ll MADE UP FROM
A NEGULAR su.m TED FIBREBOARD 8
APPLICATION: le YV’! SHELF BOX 18 uuo FOR LIOHT WEISHT
AT * WHERE POSSIOLE, BULK STOCKS
'l 'Ac“ D 1N THIS BOX 70 ILITATE BULK TO BN

TRANSFERS. THE FLAPS SHOULO BE TURNED IN WHEN
USED AS A M!LF BOX TO MAINTAIN SALVASE VALUE.

Figure 2-35. Large Corrugated Shelf Box
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NOTE

THE SHELF BOX ARRANGEMENTS SHOWN ABOVE ARE EX-
AMPLES OF ONLY SOME OF THE LAYOUTS THAT CAN BE
USED. THE NUMBER OF SMALL OR LARGE BOXES OR

WHOLE SHELVES TO BE USED DEPENDS UPON THE PHYSI-
CAL eu:kmmsﬂcs AND VOLUME OF BIN STOCKS TO BE

THE MAIN PRINGIPLES TO BE FOLLOWED ARE:

I. USE SHELF BOXES EXTENSIVELY FOR EASE OF IN-
VENTORY AND STOCK RELOCATION.

2. SMALL LOTS IN THE CENTER SO THAT THE MAJORITY
OF ITEMS ARE IN CHEST HIGH POSITION FOR EASY
PICKING.

3. HEAVY, LARGE ITEMS TOWARD THE BOTTOM WITH
MOST INACTIVE ON LOWEST SHELVES.

4. LIGNT, LARGE ITEMS TOWARD THE TOP WITH MOST
INACTIVE ON HIGHMESY SHELVES.

Figure 2-36. Typical Bin Shelf Box Arrangement
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(b) Al single pallet lots should be
stored in nmetal pallet racks whenever
practicable. In buildings with stacking
overhead of 10 feet or less, a one-platform
two-level rack simlar to the illustration
in figure 2-37 should be used. In buildings
wi th stacking overhead in excess of 10 feet,
the nunber of levels will be determ ned by

2- 36

the avail abl e stacking hei ght, the reach
capability of MHE, and the floor |oad
capacity. Normally, 4 feet should be all owed
for each | evel opening. A building with a
20-f oot maxi num st acki ng hei ght coul d
therefore accommopdate five stacking |evels
or a four-platformpallet rack.
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1 Mul tiplatformpallet racks are
illustrated in figure 2-38. The conversion

so equipped is a highly desirable goal if
maxi num space utilization and nost effective

to netal pallet racks at installations not use of resources are to be achieved.
85} i
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2 Racks for mlitary use have been inch platformis relatively small, and an
standardi zed for use with either one (single upri ght colum has been elim nated, the cost

openi ng) or two (doubl e opening) 40- by 48-
inch pallet |Ioads of nmaterial per |evel

Si ngl e openi ng racks have platforns

approxi mately 54 inches wi de and hol d one
40- by 48-inch pallet per level. Cost per
pal l et opening is higher in a single opening
rack and this should be used only when space
limtations preclude use of the double

openi ng. Doubl e openi ng racks have platforns
approxi mately 108 i nches wi de and hold two
40- by 48-inch pallets per level. Since the
difference in cost between a 54- and a 108-

per pallet stored is smaller in a double
opening rack than in a single opening rack
3 Cantilever racks provide

excell ent storage aids for long, narrow
items (see sec I, chap 4).
c. Open storage layout criteria. The

efficient utilization of open storage space
can be acconplished by proper planning and
space | ayout.

There are many types of open storage space
and to utilize each in the nost effective
manner requires
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judi ci ous planning and a thorough know edge operational or working areas are provided in
of materials handling by storage personnel. the | ayout of various types of space.
Consi der abl e t hought must be given to the Exanpl e | ayouts for open storage are shown
types of equi pnent to be used in each in figures 2-39 and 2-40.

storage area to ensure that adequate

e —— — ———— —— —— — ———— — ——

e e —— —— ——— — —— — —— —— — —— — — — —— ]

Figure 2-39. Example Layout for Open Storage Area

2-39
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Figure 2-40.

(1) the layout of open storage areas is
deternm ned, to a great extent, by the
| ocation and | ayout of the existing track
and road facilities that serve the area.
(2) the objectives of open storage
| ayout s are-
(a) Efficient utilization of each type
of storage space.
(b) Straight line flow of stock from
unl oadi ng point to storage.
(c) Maximumutilization of existing
track and road facilities.
(d) Ready access to each storage area
or stock item
(3) Cube utilization in open storage my
be increased by the utilization of storage

2-40

Example of Open Storage Area Layout

aids. It is inmpossible to designate a
maxi mum or m ni mum accept abl e storage hei ght
for all open stored materials; however,
cubi ¢ space should be utilized as
efficiently in open storage areas as is
practicabl e cormensurate with good storage
practices. The same general principles used
in stacking supplies in covered storage
apply to nost itens that can be stored in
open storage. The efficient utilization of
open storage cubic space is just as
important as the utilization of covered
st or age space

4) Storage adjacent to double tracks
shoul d be reserved for storage of extrenely
heavy st ock.
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This is the ideal layout for heavylifts as
it permts the car to be spotted on the nore
distant track and the crane to operate
bet ween the car and the storage point. In
this arrangenment, the distance fromthe
crane to the material in the car or its
i ntended storage point is cut to a mninum
This permits maxi rumutilization of crane
lift capacity. Usually, double-track storage
areas are at a premum therefore, where
possi bl e, the area on both sides of a double
track should be used for storage of heavy
materials. However, to facilitate the use of
the storage area behind this heavy material,
it is necessary to provide 20-foot aisles at
100-foot intervals leading fromthe track to
the inner storage areas.

(5 Wth a |oconptive crane, a 2-foot
cl earance between stores and swi ng of the
cab and counter balance is required. This
will permit the crane to nake the swi ng
required to nove material fromthe car to
the stack wi thout danger of the counter
bal ance or cab of the crane colliding with
the materials stored on either side of the
tracks.

(6) Where craw er, truck-munted, or
war ehouse cranes are used, it is necessary
to maintain a 25-foot w de operational aisle
al ong one side of the track, nmeasured from
the rail nearest to the storage area. This
ai sl e provides the necessary cl earance
between the car and stock for efficient
crane operations. Also, this aisle is
necessary to pernmt the | oading or unloading
of cars by fork truck and the transportation
of stock by crane, fork truck, or tractor-
trailer train fromcar side to the storage
areas not imediately adjacent to the track.

(7) Because of track, road |ayout, and/or
terrain, each hard-surfaced open storage
area presents varied problens in space
|l ayout. For this reason, |ayout plans nust
be flexible in order to utilize a higher
percentage of the net usable space in each
ar ea.

2-11. Uilization of Floor Plan in Stock
Layout .

a. Basic use. Using the floor plans,
enter the location of aisles, shipping,
receiving, bin, bulk, mediumlot, pallet
rack, and storage operational areas. After
the location of the basic storage and
operational areas are determ ned, the

direction of flow and storage nust be
established and entered on the floor plan
Fi gures 2-41 and 2-42 are exanpl es of

| ayouts after preparation of initial floor
pl ans.

b. Planning uses. The requirenent for
storage space by type, amount, and position
nmust be calculated utilizing estimted or
known item quantities, sizes,
characteristics, and the demand frequency
shown in current reports, historical data,
and forecasts. Quantities of bin sections
and the various types of racks required wll
then be determ ned. The anpunt and | ocation
of the space assigned for these storage aids
will be in consonance of this section. A
prelimnary |ayout will be drawn on the
fl oor plan and subjected to a conprehensive
check to verify the validity of the data
used and the cal cul ati ons which were made
fromthe data. It is essential that any
revision of a layout be acconplished in the
pl anni ng stage rather than after storage
ai ds have been erected and nmaterial stored.
The principles of efficient storage |ayout
(see fig 2-41) require the mni num nunber
and width of aisles, the maxi num degree of
straight flow novenment patterns, the
appr oxi mat e positioning of bin and rack
storage areas and storage support function
areas, and the maintenance of flexibility in
storage depth. The storage operation shown
in figure 2-41 is small in size, but the
princi pl es shown apply to any storage
operation regardl ess of square feet
occupi ed, the range and depth of itens
stored, or the sinplicity or sophistication
of MHE used. Figure 2-42 illustrates
pl acement of bins for a warehouse autonated
materi al s handling system |In such a system
popul ar itenms are placed in bins nearest the
material flow lines (conveyors, etc.).
Storage | ayouts nust be planned to
consol i date productive functions into a
centralized location to the greatest
feasi ble extent. Such planning will result
in a layout which reduces travel time and
di stances. This, in turn, decreases the
requi renents for MHE, increases work unit
production per nan-hour, |essens personne
fatigue and error rate, provides for closer
supervi sion and greater security, and
permits flexibility in use of the work
force.

2-41
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Figure 241. Example Stock Layout
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Figure 2-42. Layout Containing an Automated Materials Handling System

c. Flexibility. Changes in the types of
the materials handl ed or the average
gquantities in stock will require periodic
changes of layout. The storage officer mnust
be aware of the need for changes and when
such changes occur, alter a layout if a

change will increase operational efficiency.

Al so, consolidation of the material in
several partially depleted rows into one
| ocation or renoval of residual quantities
to small ot or |oose issue areas can
convert unusable space thereby reducing
honeyconbi ng.

d. Effect of stock selection on |ayouts.
St ock selection frombul k storage areas can
i nfluence the effectiveness of |ayouts.

Mat eri al nust be w thdrawn row by row
starting fromthe aisle and working back to
the wall or imaginary |ine, and never across
the whole front of the stacks. Wthdrawal s
across the front of the stacks nmerely w den
the aisle and do not create additional space
for the storage of new commodities. This
incorrect method of stock withdrawal is a
conmon cause of "honeyconbi ng" in storage
areas (see fig 2-43). Honeyconbing al so

i ncl udes void spaces within the arrangenent
of materials on pallets which results in
space | oss. Space | oss between stacks nay be
due to excessive overhang resulting from
poor palletization of the stock item

2-43
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IMPROPER WITHDRAWAL
OF STOCK

Figure 243. Honeycombing Due to Improper Withdrawal of

Stock

Section V.

2-12. Space Control Techni ques.

a. Scope and puropse. Ef fective contro

of space begins with the operating
supervi sor and extends through the storage
manager, the activity or installation
commander, the major comrand headquarters,
and to higher departnment or agency |evels of
command. This section provides certain uni-
formtechni ques to be used for proper space
control. Storage plans for installations and
activities storing amunition will be
devel oped as prescribed by the responsible
mlitary service

b. Space allocation map. A map of the

installation reflecting the current status
of the total area allocated for storage
operations and the |ocation or other rel ated
activities will be maintained by the storage
manager. This map will show the type of
space and specific functional use (for
exanpl e, receiving, shipping, bulk storage,

| oose issue storage, office space, etc.).
When applicable, broad material groupings
may be added to identify storage of repair
parts, end itenms, amunition, etc.
Identification of these areas may be
acconpl i shed by the use of color coding. An
overlay may be used to facilitate updating
t he map.

2- 44

Space Control and Reporting

c. Floor plan or planograph. The base for
designing | ocal space control techniques for
storage areas is the floor plan or
pl anograph. Floor plans for general supply
storage areas are discussed and illustrated
in section IV of this chapter. Detail ed
pl anogr aphs depicting specific storage
| ayouts are generally devel oped fromthese
floor plans. Detailed infornmation on
pl anographs for general supply storage areas
are discussed and illustrated in section
[11, chapter 3.

d. Storage space survey worksheet.
Uilizing information obtained from
pl anogr aphs, storage space survey worksheets
shoul d be devel oped for each general supply
war ehouse section, shed, open storage area,
etc. These worksheets are scal ed draw ngs of
storage areas and provi de feeder data input
for storage space status reports. Figure 2-
44 is a sanple of a storage space survey
wor ksheet which nmay be used; however, it is
not applicable to ammunition. Amrunition
storage space data will be maintained on
pl anographs in the nmanner prescribed by the
responsi bl e service. For details on the use
of the survey worksheet, see paragraph
2-13g bel ow.
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SECTION

GROSS SQUARE FEET

AISLES
STRUCTURAL LOSS
SUPPORT SPACE

NET SQUARE FEET (TOTAL)
BIN STORAGE AREA
RACK STORAGE AREA
BULK STORAGE AREA

DCCUPIED SOUARE FEET

VACANT SOUARE FEET
OBLIGATED VACANT

COMMON/TROSS-SERVICED
000 MATERTAL
NON-D00 MATERTAL

UNOBSTRUCTED STACK HEIGHT
BIN STORAGE AREA
RACK STORAGE AREA
BULK STORAGE AREA

ATTAINABLE STACK HEIGHT
BIN STORAGE AREA
RACK STORAGE AREA
BULK STORAGE AREA

AVERAGE STACK HEIGHT
(BULK STORAGE

OCCUPIED CUBIC FEET
BIN STORAGE AREA
RACK STORAGE AREA
BULK STORAGE AREA

POTENTIAL VACANT SPACE

REPORTING COMPONENT TYPE A -
MATERJAL TYPE B

SIGNATURE DATE _—

ORGANIZATION HONE

Figure 2-44. Storage Space Survey Worksheet

e. Space recapitul ation record. Figure 2-45 represents a sanpl e space recapitulation record
whi ch may _be used to recap storage space data. Such a record provides an effective neans of
consol idating storage space data by building, area, type of space,
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etc., and can be used in conjunction with
storage space status reports.
f Storage space status report.

(1) A storage space status report wll
be prepared periodically. For contro
pur poses, storage space status reports nmay
be required nonthly, quarterly, or as often
as deened necessary by the individual DOD
Conponent. For reporting purposes, DOD
Conponents nmust conply with the frequency
requi renents of the Storage Space Managenent
Report (SSMR) (DD Form 805) (para 2-14c).

(2) Storage space status reports are
basically current records of space
utilization and occupancy. These reports are
to be assenbl ed by the storage
adm ni strative activity responsible for
space control and reporting. The informtion
contained therein will be recapitulated for
space reporting to higher |evels.

(3) Internal reports will also include
specific data pertaining to potential space
i mprovenents. For general supplies,
potential space inprovenent data are
identified during storage space surveys as
potential vacant type "A" (sq ft) and type
"B" (cu ft). For |ocal managenent purposes,
potential vacant type "A" space warrants
consi deration when it reaches 5 percent of
net square feet occupied in a specific
storage area. These affected areas will be

2-46

revi ewed by storage nanagers to direct
efforts to reclai msuch space by

rewar ehousi ng. Potential vacant space is

di scussed and illustrated in nore detail in
par agr aph 2-13 bel ow.

2-13. Space Reporting Cui dance.
The foll owi ng provides guidance in
under st andabl e ternms for use by personne
i nvol ved in space reporting:

a. Cassification of storage and
nonst orage space. The entire area of a
supply installation or activity is not
classified as storage space (see fig 2-46).
This nmeans that not all of the buildings or
all of the open areas are considered in
computi ng actual storage space. For exanpl e,
bui | di ngs such as the comr ssary, post
engi neering, and adm nistrative offices and
open areas such as a parking | ot do not
constitute storage space. Sone offices, how
ever, are part of storage space, but they
include only those that are directly in
support of storage operations. The only area
of the installation reported as storage
space is that which is either by nature or
use a storage area. The di nensions of these
areas, side by side and end to end, nmake up
gross storage.
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STORAGE VERSUS NON-STORAGE SPACE

Figure 2-46. Classification of Storage and Nonstorage Space

b. Measuring covered storage space. Al
covered storage space i s neasured by using
i nsi de di mensions (see fig 2-47). The width
in feet is multiplied by the length in feet
which results in the square foot area or
total gross storage area. This is less than
the outside dinensions by the thickness of
the walls and it ignores inside fire walls,
passageways, ranps, stairwells, etc.
However, if there is a cutback in walls of
the building, the cutback is neasured and

2-48

excluded fromtotal gross storage area. |f
the building has a tower for offices or any
portion not designed for storage but is part
of the building, that portion is excluded
fromtotal gross storage area. However, if
the tower or other portion had been designed
for storage and later converted to storage
offices, it would be included in total gross
storage area. Even if it was not designed
for storage but is being used for that
purpose, it is reported during the period of
use.
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MEASURING WAREHOUSE SPACE
(USE INSIDE DIMENSIONS)

|
- N[T—
1

}
¥
|

aad

1

Figure 2-47. Measuring Covered Storage Space

c. Measuring open storage areas. Qpen gross storage area; however, in the case of
storage may be either inproved or uni nproved areas, only that space ac-
uni nproved. Inproved is included in total

2-49
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tually occupied by stored material or used
in support of storage operations will be
reported.

(1) Open space is neasured in nmuch the
same way as covered storage, except outside
di mensi ons of the area are used. The length
in feet multiplied by the width in feet
results in the gross area expressed in
square feet. If the area is irregular
adjustnents are calculated to arrive at a

THIS IS OPEN STORAGE SPACE

corrected figure. The figure is not reduced
for tracks or roadways running through the
ar ea.

(2) Open space does not include sand
| ots, parking areas, maneuvering space
bet ween war ehouses, etc., even if these
areas have prepared surfaces (see fig 2-48).
However, if the space is actually occupied
by material, it will be reported as storage
space for the period actually occupi ed.

A

PR

........

=

Figure 2-48. Classification of Open Storage Space

d. Calculating gross space for storage
operations in square feet.
(1) This involves three steps-
(a) The first step involves
cal cul ating gross storage space. This is
calculated by multiplying the length in feet
by the width in feet of each building or
area designated for storage (see fig 2- 48).
(b) The second step invol ves
subtracting all space not used for storage
operations. That includes-
1 Unusabl e Space. This is the anount
of gross storage space so deteriorated that

2-50

it fails to provide a sufficiently
protective environnent for the storage of
material; space that is unsafe for storage
operations or where its use would be in
violation with established regulating
criteria; and/ or space that is restricted
fromuse due to i nadequate physical security
protection.

2 Standby space. This is the amunt
of gross storage space contained in
completely enpty structures or in open
i nproved areas which is not required to
support the mission, which has
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been secured, and which is not included in
vacant storage space. Space in conpletely
enpty sections of covered structures which
can be isolated and | ocked is al so
consi dered as standby.

3 Qutgranted space. This is the
anount of gross storage space which is not
available for the reporting activity's

operation because it is outleased, |icensed,
GROSS UNUS- STANDBY _ ouT-
STORACE ABLE - SPACE GRANTED
SPACE SPACE SPACE

e. Reporting net storage space. Net
storage space is reported in square and
cubic feet. First, the capacity of net
storage space is determned in square feet
and cubic feet neasurenents. Then occupi ed
and vacant space is determ ned.

(1) Determining net storage space in
square feet. This is calculated by
subtracting the followi ng from gross space
for storage operations (see para d above):

(a) Aisles. An aisle is any
passageway i n storage areas including
passageways in bin and rack areas. It
i ncludes fire, personnel, main, and cross
ai sl es.

(b) Structural loss. This is the
space that is not usable for storage because
of obstructions caused by physical
characteristics such as posts, pillars,
ranps, door clearances, fire walls, etc.,

GROSS SPACE STRUCTURAL
FOR STORAGE - Al SLES LGSS
OPERATI ONS

(2) Determining net storage capacity
in cubic feet. There are two
classifications of cubic capacity, total
cubic feet and attai nable cubic feet.

(a) Determi ning cubic capacity in
covered storage areas (see fig 2-49):

1 Total cubic feet is the product
of net storage space (sq ft) multiplied by
t he unobstructed stacking hei ght(s)
permtted by safety regulation/restrictions
in a particular storage area, bay, or
section of a covered facility. The

SUPPORT

or permitted to private or non-DOD
CGovernment agencies for their operation and/
or licensed or permtted to other DCOD
Components for their operation.

(c) The third step invol ves addi ng
i ngranted space, that is, space which is
| eased, licensed, or pernmitted from one of
t he DOD Component s.

(2) I'n other words,

GRGCSS

I N- GRANT- SPACE
+ ED SPACE = FOR STOR-
AGE OPER-

ATI ONS

and by installed equi pnent such as switch
panel s, dehum dification equi pnent, etc. In
open or outside storage, it includes space

| ost due to railroad tracks and fire breaks
as well as for clearances for utility lines,
etc. Structural |oss does not include

ai sl es.

(c) Support Space. This is storage
space that is used in support of storage
operations. It includes space used for
recei ving, shipping, preservation and
packagi ng, inspection and identification
packi ng, box shop, assenbly, offices, MHE
parki ng areas, battery chargi ng stations,
enpl oyee rest roomns, |ocker roons, tine
cl ock areas, snoking areas, etc., however,
only storage space used for any of the above
is included. For exanple, it does not
i ncl ude general adninistrative offices.

NET STORAGE

SPACE = SPACE

unobstructed stacki ng height is the distance
between the floor and the | owernost point of
over head obstructions (e.g., sprinkler
heads, joists, rafters, beans, roof trusses,
lighting fixtures, duct work, etc.) |ess

saf ety cl earances.

NET STOR- UNOB- TOTAL

AGE X STRUCTED =  CUBIC

SPACE STORAGE FEET
HEI GHT( S)
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Figure 2-49. Determining Cubic Capacity in Covered Storage Areas
2 Attainable cubic feet is the product of [imtations with ayailable MHE. |t
net storage space (sq ft) nultiplied by the represents the cubic space usable or

stacki ng height(s) permtted by safety

regul ations/restrictions and fl oor
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avail able for storage with existing

| oad resour ces.
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ATTAI N- ATTAI N-

NET STOR- ABLE STOR- ABLE
AGE X ACE = CuBI C
SPACE HEI GHT( S) FEET

(a) Bin cubic capacity is the
product of outside dimensions-length, wdth,
and hei ght (LxWH). Unused cubic space above
the bins will not be included as attainable
space.

(b) Rack cubic capacity is the
product of the outside dimensions-Iength,
wi dth, and hei ght (LxWH). Cubic space above
the racks will be included to the extent that
use of such space is pernmitted by safety
limtations.

(b) Determining cubic capacity in open
storage areas:
1 Open inproved storage areas.

(a) Total cubic capacity will be
conmputed by multiplying net storage (sq ft)
by an average stacking height of 10 feet.
However, when | ocal conditions and actua
commodity characteristics dictate a specific

stacking height, the latter will apply.

Net im Aver age
proved open X st acki ng | mproved

st orage hei ght (10 = open
st or age

space feet or cubi c
f eet

ot her)

(b) Attainable cubic capacity wll
be conputed using the sane criteria for tota
cubi c capacity.

2 Open uni nproved storage areas.

a | n open uninproved storage
areas, only cubic space actually occupied
will be reported. The total cubic capacity is
calculated by nultiplying net storage space
(sq ft) by a representative (sanple) stacking
hei ght .

Uni npr oved Aver age
Uni nproved

occupi ed X st acki ng = open
st or age
square feet hei ght cubi c
f eet

b Attainable cubic capacity wll
be conmputed using the sane criteria for tota
cubi c capacity.

(c) In determ ning cubic capacity in
i gl oo and nmgazi ne areas, the basic
instructions for covered storage al so apply
for reporting amunition cubic capacity

(i.e., cubic capacities in igloos and
magazi nes). These gui del i nes, however, nmay be
augnent ed by special DOD Conponent instruc-

tions establishing uniformunobstructed or
attai nable heights in the specific facilities
(i.e., igloos and nmagazi nes). When such

specific heights are established and
furni shed, reporting activities wll
cubi c capacities accordingly.

(3) Determning occupi ed and vacant net
storage space. Space is either occupied or
vacant. Al so, occupied space can be utilized
i mproperly and be classified as "potenti al
vacant." Determ ning the anmount of net
storage space that is occupi ed can be
acconpl i shed by neasuring all the space
actual ly occupi ed; however, since in nost
cases occupi ed space is greater than vacant
space, it is sinpler and nore accurate to
conpute the total vacant space and subtract
that figure fromnet storage space.

(a) Determning occupied storage space.

1 Cccupied square feet is the anount
of square feet occupied by bins, racks, and
material in covered and open bul k storage
areas. Bin and rack space is considered
occupi ed whether or not naterial is stored
therein. Cccupied square feet is equal to
length multiplied by width (L x W.

2 Occupied cubic feet is the product
of net square feet occupied and actua
storage height(s) or by hei ghts deternined
through statistical sanpling, when
appl i cabl e.

a Bin and rack occupancy will be
conput ed by determ ni ng what portion of total
attai nabl e space is vacant through
statistical sanmpling or by records of
avai |l abl e and occupi ed openi ngs. Therefore,
total attainable cubic feet minus vacant
cubic feet equals occupied bin and rack
space.

conput e

b Bul k occupancy in covered
storage will be based upon periodic surveys
of bulk locations to determi ne representative
bul k stacking heights for each storage
facility.

¢ |Inproved open occupancy will be
based upon net square feet occupied
mul tiplied by an average stacki ng hei ght of
10 feet (or other specific height if
det erm ned) .

d Uninproved open occupancy w ||
be based upon occupi ed square feet tines an
aver age stacki ng height.

(b) Determ ning vacant space. There are
two types of vacant space, actual and
potenti al .

1 Actual vacant space is determ ned
by neasuring the floor space that is not
occupi ed by supplies. It includes space
occupi ed by enpty pallets and dunnage. It
does not include short spaces in front of
stacks or broken spaces.

2 Potential vacant space is space
that is usable but not used and can normally
be recouped through rewarehousi ng. Since
storage space is critical, it must be used
wi sely. Potential vacant space is "found"
space and shoul d not be overl ooked. Actions
shoul d be taken to recover this space. There
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are two types of potential vacant space,
type A and type B.

a Type A, Honeycomnbi ng. Type A po-
tential vacant includes all spaces in front
of stacks which cannot be used for storage
of supplies other than identical sizes,
lots, etc. It is a type of space |oss which
can frequently be overcome by setting aside
shal | ow spaces along aisles for small |ots.
Thi s space is captured during space surveys
and reported as space recoupabl e through
rewar ehousi ng (see fig 2-20). Figure 2-51
provi des an exanple of type A potentia

TYPE A

SHORT SPACES AND BROKEN
SPACES ("HONEYCOMBING' )

vacant space. Sonetinmes short spaces in
front of stacks can be avoided. In sone

i nstances, the condition is unavoi dabl e.
However, in either case, the space that

m ght be reclained is reported as potentia
vacant. Cenerally speaking, warehousing
practice that |eaves short spaces in the

m dst of stacks is not good warehousi ng. But
good or bad, avoi dable or unavoi dabl e, such
spaces are reported as potential vacant.

Fi gure 2-52 provides an exanple of type A
potential vacant space and the space that
can be recouped through rewarehousing.

TYPE A fl

507
POTENTIAL

VACANT

Figure 2-51.  Type A Potential Vacant Space
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b Type B, Low stacking. Type B of package (see fig 2-53). Figures 2-54
potential vacant space occurs as a result of provi des an exanpie where there is 25
| ow stacking, that is, failure to stack to percent type B potential vacant space
full perm ssible heights considering the because if the pallets in the foreground
floor |oad, height of roof rafters and were | oaded in the sane way as those in the
ceiling joists, commodity characteristics, rear, the foreground pallets could be
and strength of package. Space is 100 stacked eight high instead of six. Figure 2-
percent occupied when the |low stacking is 55 shows type B potential vacant space and
caused by linitations of floor |oad, height the space that can be recovered through
of roof rafters and ceiling joists, rewar ehousi ng

commodity characteristics, and/or strength

TYPE B

LOW STACKING (FAILURE TO STACK
TO FULL PERMISSABLE HEIGHT)

Figure 2-54. Type B Potential Vacant Space

2-56
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Figure 2-55. Type B Potential Vacant Space Recovered Through Rewarehoustng

there can be a

conbi nation of type A and type B potentia
vacant space in a particul ar storage

| ocation (see fig 2-56).

This can be seen

when there are short spaces in front of the

stacks as well as when sone stock
stacked to the pernissible height.

i's not
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Figure 2-56. Combination of Types of A and B Potential Vacant Space

4 Determ ning vacant space can, at
times, be nisleading. There are specia
cases when at first glance, there appears to
be potential vacant space but in reality the
space is 100 percent occupied. For exanpl e,
storing batteries on the second floor of a
multistory building limts the stacking
hei ght because of floor load linitations.

2-58

More economi cal stacking of these batteries
could be attained by placing themon the
ground fl oor where the perm ssible floor
load is greater. This, however, does not
change the status of the stacks already in
exi stence in which the space is 100 percent
occupi ed (see fig 2-57).
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Figure 2-57. Battery Storage in a Multistory Building

f. Quide for computing occupied and vacant
space.

(1) During storage space surveys, estinates
and conputations will be based upon pall et
sizes and square feet grids occupied by each

i ncl udi ng overhang and space between pall et

tiers. The factors to use for various pallet
Sizes are-
(a) 32 inches x 40 inches = 12 square feet.
(b) 40 inches x 48 inches = 16 square feet.
(c) 48 inches x 60 inches = 26 square feet.
(d) 48 inches x 72 inches = 31 square feet.
(e) Oher size pallets will be conputed by

multiplying the length plus 6 inches (2 in on
each side for overhang plus 1 n on each for
space between tiers) tinmes the width plus 6
i nches.

(2) To determine whether a partially |oaded

pallet is to be counted as full or enpty, the
standard will be a |oaded pallet of a
particular itemand the follow ng conputation
will be made;

(a) Pallet containing |less than 50 percent
of an itemw |l be considered as enpty.

(b) Pallet having nore than 50 percent of
an itemw || be counted as full.

(3) Difference between "actua
and "potential vacant space "

(a) Actual vacant space is the floor area
of net storage space which is not occupied by
materials or storage bins. DO NOT | NCLUDE
POTENTI AL VACANT AS VACANT SPACE

(b) Potential vacant space, type A is
that portion of occupied net usable space which
is tenporarily not used for storage because of

vacant space

space voids in front of stacks of materia
(honeyconbi ng) or space voids at the height of
stacks whi ch can be nade avail abl e by

rewar ehousing or utilization of

maxi mum hei ghts in stacking. In conmputing
potential vacant space on the floor, the
following criteria is applicable:

1 Distance less than 6 inches will be
disregarded (e.g., 5in=0ft; 1 ft 4in=1
ft).

2 Distances in excess of 6 inches wll
be figured as 12 inches or 1 foot (e.g., 9in =
1ft; 1 ft 7in=2ft).

(c) To conpute type B potentia
vacant space, count the voids when nmaxi num
stacki ng heights are not achieved and can be
recouped by rewarehousing. Miultiply the nunber
of void spaces by the cubic feet of each stack
The cubic feet of each stack is computed by
mul ti plying the square feet factors for each
pall et (see para f(1) above) by the hei ght of
the pallet. Figure 2-58 provides an exanpl e of
conputing type B potential vacant space. In
this exanple, each stack of type B potential
vacant space is equal to 64 cubic feet (16 sq
ft per 40- by 48-in pallet nmultiplied by 4 ft
hi gh per pallet). InrowB, there are two void
spaces which equal 128 cubic feet (64 cu ft per
stack multiplied by two stacks). This nethod
can al so be used for the depth of stacks. For
exanmple, if row B were two deep, there woul d be
256 cubic feet of type B potential vacant space
(64 cu ft per stack multiplied by two stacks
high nultiplied by two stacks deep).

2-59
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Figure 2-58. Computing Type B Potential Vacant Space

g. Using the storage space survey
wor ksheet. An exanpl e of using the storage
space survey worksheet is shown in figure 2-
59. It is conpleted as foll ows:
(1) Shade in area which represent vacant

space. This includes only space that is
actual ly vacant and does not include
potential vacant space.

(2) Leave unshaded all areas not

consi dered occupi ed. This includes vacant
floor space caused by short or broken spaces
in front of stacks.

(3) Label potential vacant space with
either an "A" for type A potential vacant
floor space (where short spaces exist in
front of stacks or when honeyconmbing is
evident) and with a "B" for type B potentia
vacant cubi c space. This space is marked
only if occupied and recoupable by
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rewar ehousing with existing resources (e.qg.
storage aids, MHE, etc.).
(4) Summarize the infornmation.

(a) Vacant square feet is equal to the
sum of all shaded grids.
(b) Cccupied square feet is equal to

the difference between net square feet and
vacant square feet.
(c) Type A potential vacant space is
to the sumof all grids annotated "A "
(d) Type B potential vacant space is
the total cubic feet applied to the
wor ksheet as cal cul ated by survey personnel
(5) Convert potential vacant space to
cubic feet.
(a) Type A potential vacant cubic space
is the product of the sumof all grids
| abel ed "A" and the average stack height.
(b) Type B potential vacant cubic space
is taken directly fromthe worksheet.

equal
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(6) Calculate the cubic feet

of type A cubic feet and type B cubic feet.

recoupabl e
t hrough rewarehousing. This is equal to the sum

SAMPLE STORAGE SPACE SURVEY WORKSHEET

rzz[;

AL A
BiB{B
BlB,8
8|8
T A A

SHADED AREAS REPRESENT VACANT

SPACE

TYPE A (FLOOR SPACE) POTENTIAL

VACANT

g ALL UNSHADED AREAS ARE

CONSIDERED OCCUPIED SPACE
(EVEN THOSE MARKED A OR B)

85805 |leng— TYPE B (CUBIC SPACE) POTENTIAL

VACANT

Figure 2-59. Using the Storage Space Survey Worksheet

h. Collection of cubic data
(1) Determination of total cubic feet.
(a) The cl ear unobstructed stacking
hei ght, as permitted by safety restrictions
(see para 2-14d(2)(c)2e below), wll be
determ ned for each section of each
war ehouse. The product of the clear stacking

hei ght times net square feet will be the
total cubic feet of each section. The sum of
the products (cu ft) of all sections will be

the total cubic feet.

(b) The type structure or building
configuration may dictate that several clear
stacki ng hei ght readi ngs nust be taken
before determining total cubic feet. Mnitor
styl e warehouses have varied cl ear stacking
hei ght s dependi ng upon that segnment of the
war ehouse section in which material is to be
stored. For exanple, the side segnents may
afford a cl ear stacking height of 20 feet.

In this case, the net square feet of each
section segnment will be deternined and
multiplied by the clear stacking hei ght of
each respective segnent. The sum of the
products will produce the total cubic feet
of each section.

(c) Total cubic feet in open storage
areas will be determ ned as per paragraph
e(2)(b) above.

(2) Determ nation of attainable cubic
feet.

(a) The attainabl e cubic space
avail able for the storage of material in
covered storage areas will be the product of
net square feet of space available in bin,
rack, and bul k areas and the stacking
hei ghts attai nabl e under present storage
arrangenents with available MHE (see fig 2-
49). Anounts will be conputed as foll ows:

2-61
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1 Bin and rack cubic capacity will be
determ ned as per paragraph e(2)(a) above.

2 Bul k cubic capacity will be the
product of the net square feet used for bulk
storage multiplied by the stacking hei ght
permtted by safety restrictions and fl oor
load linmtations attainable with avail able
MHE and storage aids, as appropriate. Cubic
space beyond the reach of available MHE ift
hei ght and floor load limtations will not
be reported even though safety limtations
or perm ssible stacking hei ghts have not
been attai ned.

(b) The attainabl e cubic space
avai l abl e for storage of material in open
storage areas will be determ ned as per
par agraph e(2)(b) above.

(3) Preparation of survey to determ ne
cubi ¢ occupancy.

2-62

(a) Pl anograph worksheets will be
desi gned for each warehouse section. The
wor ksheets will depict the storage pattern
including structural |oss and assigned
support space as well as the location of
rack, bin, and bulk storage areas. Bulk
storage grids will be numbered sequentially
by section (see fig 2-60). Partially
obstructed grids or grids on which pallet
rack storage aids, etc., are positioned
will not be nunerically designated.
Pl anogr aph wor ksheets for warehouse sections
havi ng the sane di nensions, clear stacking
hei ghts, and containing the sane itens, nmay
be nunbered (i ndividual storage grids)
continuously fromsection to section or
war ehouse to warehouse. This will reduce the
efforts involved in acconplishing the
statistical survey discussed in paragraph
(4) bel ow.
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(b) Sanple size. Sanple size will be deter-
m ned through the use of table 2-1.
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(c) Random Sanpling. A sanple wll
consi st of one or nore bulk storage grids
drawn from one or nore warehouse sections.
In order to assure that sanples drawn for
survey are representative of all storage
grids in the section(s), the grids nust be
chosen at random Conputers nay be utilized
to generate a list of nunbers for each
war ehouse section or group of sections
requiring survey. The nunbers generated will
be linted by the total quantity of grids

involved in each section. The quantity of
random nunbers generated will generally he
twi ce the nunmber of grids to be surveyed
The quantity of random nunbers generated is
intentionally inflated to assure that the
requi red nunber of occupied grids are
included. In the event conputer tine or
availability nmakes this course difficult or
i mpractical, a table of random nunbers
(table 2-2) is provided.

Table 2-1. Determination of Sample Size

Table 2-1. Deternination of Sanpie Size
A 8
Grids per
Storage Facitity/Section Sanple Size
- B 7
8- 10 10
- e 15
18- X0 P
- %00 5
00 - 800 X
80 - 1.30 £y
L1 - 3,200 L)
3,200 - 9,00 2
8.001 - 22,000 7
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(4) Statistical
| ocati ons.

par agraph (3) above

extract fromtable 2-2

(b) From the planograph worksheet,
deternmi ne the total
For exanpl e,
the section.

Table 2-2. Table of Random Numbers

survey of occupied (c) Fromtable 2-1,
sections nust be nunbers in colum A which corresponds to or
statistically sanpled. Sections may be includes the total grid quantity (e.qg.
sanpl ed as a group per
The statistical
be acconplished as foll ows:

(a) ntain
wor ksheet for

find the group of

t he
group of numbers 501-800 woul d be used to

survey of bulk storage wll |ocate the total grid quantity (i.e.
grids) shown in figure 2-60).
table 2-1 and a pl anograph B of table 2-1, the sanple size required for
each section or series of the survey (in the exanple cited, 30 is the
sections to be surveyed. Also, acquire a sanpl e size).
conput er-generated |ist of

651
in columm

random nunbers or (d) In order to assure that 30 occupied

grids per exanple) will

be sanpl ed,
sanmpl e size nust be expanded because sone
grids in the section. selected grids will be vacant.
figure 2-60 shows 651 grids in acconplishing this ex-

One net hod of
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pansi on of sanple size is to deternine the
percent square feet vacant in the section
The sanpl e size may then be expanded by this
percent. For exampie, if 10 percent of the
net square feet is vacant, multiply that
percentage by the original sanmple size
(i.e., .10 x 30 = 3) and inflate the sanple
by this amount (i.e., 30 + 3 = 33). This, in
itself, may not always be sufficient to
assure that the sanple size will include the
requi red occupied grid openings. Additional
grid nunbers, therefore, may be furni shed as
part of the planograph worksheet. The

war ehouse worker may then be instructed to

| ocate these on the planograph worksheet and
conpl ete the required sanple.

(e) Select the required random nunbers
in the sequence provided by the conputer or
fromtable 2-2 as appropriate and circle
t hese nunbers on the planograph worksheet.
If table 2-2 is used, select a series of
nunbers fromthe table to correspond wth
the quantity of grids until the desired 33
grid nunbers (per exanple) are obtained. The
nunbers are read as a book fromleft to
right. The nunbers underscored on table 2-2
i ndi cate the sel ection process. It should be
noted that nunbers exceedi ng 651 are
excluded fromthe process since there are
only 651 grid openings in the sanpl ed
section.

(f) The selection of a starting point
(i.e., colum or row) should be acconplished
in an unbi ased nanner

(g) The pl anograph worksheet will serve
as a guide and audit for the survey. Each
encircled grid will be observed and the
hei ght of the stack neasured and recorded in
the circle provided on the planograph
wor ksheet. Height will be recorded to the
nearest one half foot (e.g., 14 feet 5
i nches should be recorded as 14 1/2 feet, 15
feet 1 inch should be recorded as 15 feet,
etc.).

(5) Determnation of occupied cubic feet.

(a) Covered storage.

1 Fromthe survey of occupied bul k
storage (i.e., each section), determ ne the
si npl e average of the actual stacking height
of the nmaterial. Determ ne the square feet
occupi ed by naterial in the section and
multiply this value by the appropriate
aver age stacki ng height. The sum of these
products (cu ft) will provide the total bulk
cubi c feet occupi ed.

2 Determine the quantity of rack
openi ngs occupi ed by type storage and the
cubi ¢ di mensi on of the rack opening itself.
The product of these two val ues (nunber of
openi ngs occupied tines cu ft of opening)
will provide the total cubic occupancy of
rack storage.
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3 Bin storage occupancy may be deter-
mned in the same manner. Determne either
manual |y, mechanically, or statistically the
quantity of occupied bin openings by size.
Conput e the cubic feet occupied by
mul tiplying the cubic size (cu ft) of the
occupi ed openings by the quantity of
occupi ed openings. The result is total cubic
feet occupied by bin storage.

(b) Open storage. The actual cubic
feet of material stored in open storage is
preferred. However, if the quantity of
different itenms involved and the vol ume of
this material is such as to create an undue
manpower resource allocation, a statistica
approach simlar to that described in
par agraph (4) above nmay be acconpli shed.

2-14. DOD Storage Space Reporting.

a. Policy. 1t is the policy of DOD to
maintain a uniform accurate storage space
inventory and utilization reporting system
to-

(1) ldentify gross, net, occupied, and
vacant storage space by type of storage

(2) Exchange conpati bl e storage space
data anong DOD Conponents to foster optimm
use of DOD-owned space.

(3) Conduct DOD-w de and Federal Govern-
ment - wi de storage space managenent and di s-
tribution studies.

(4) Evaluate major storage space mlitary
construction or nodernization projects.

(5) ldentify future peacetinme and
conti ngency storage requiremnments.

(6) Evaluate the extent to which storage
space policies are being inplenented.

b. Responsibilities.

(1) The Assistant Secretary of Defense
for Logistics (ASD (L)) designated the
Def ense Logi stics Agency (DLA) as the DOD
St orage Space Reporting Adm nistrator
(SSRA). The responsibilities as DOD SSRA
will be acconplished by the DLA Depot
Operations Division, Storage and Mintenance
Branch (DLA- OA5), Caneron Station
Al exandria, VA 22304-6100. DLA- OA5 as DOD
SSRA wi | | -

(a) Receive and consolidate DOD Conpo-
nent SSMR, DD Form 805 subni ssions.

(b) Devel op and mmi ntain the autonated
data processing program specification
supporting the system

(c) Performroutine analysis of the
storage space inventory database and ensure
autonated integrity and accuracy of
i nformati on.

(d) Publish and distribute DOD
Conmponent s recurring storage space
managenent and i n-
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ventory information and respond to ad hoc
requests concerni ng storage space
availability or storage space nanagenent
i nformation.

(e) Review all requests and responses
on the availability of storage space with a
vi ew toward achi eving optimum use of
exi sting DOD storage assets.

(f) Recormend system inprovenents to
ASD (L).

(2) The DOD Components shall submit DD
Forms 805 in accordance with the provisions
of this manual

c. Reporting requirenents.

(1) Each installation having 1,000,000
gross square feet (GSF) or nore of warehouse
space owned or ingranted for their use or
any tenant of an installation having
1, 000, 000 GSF or nore ingranted to them nust
report sem annually as of 30 June and 31
Decenber. Reports may be submitted for
installations having | ess than 1,000, 000 GSF
of covered storage space if the DOD
Conponent considers the installation to be
of significant |ogistic inportance by reason
of m ssion assignnent, |ocation, or
activity. It is the responsibility of each
DOD Conponent to nmintain storage space
visibility for installations having |ess
than 1, 000, 000 GSF of covered storage space.

(2) DOD standard data el ements and codes
shall be used in conplying with this
reporting requi renent when applicable. DOD
Conponents shall identify installations in
the Installation Code Bl ock on DD Form 805
in accordance with JCS Pub 1-03.19, Joint
Reporting Structure, CGeneral Use of
M scel | aneous Subscription Form Proponent
ID. Oher data elenents used herein are
subj ect to change after being disciplined
under the criteria outlined in DOD 5000. 12-
M DOD Manual for Standard Data El enents.

(3) Reports shall be subnmitted not |ater
than 60 cal endar days after June 30 and
Decenber 31 of each year. Only one report (a
single copy of DD Form 805) will be

submitted for each installation site or
activity. These reports will include the
total anmount of storage space of the
installation, regardless of the identity of
the occupants, except space used for-
(a) Bul k petrol eum storage.
(b) Base exchange storage.
(c) Installation civil/post engineer
st or age.
(d) dothing and snall stores storage.
(e) Commissary storage
(f) Bench and backup shop storage.
(g) Transit sheds and open areas at
term -
nal s used exclusively for cargo throughput
operations.
(4) DOD Conponents shall provide the
Chi ef , Depot Operations Support Ofice
(DCsO), Defense CGeneral Supply Center, ATTN
DOSO- DA, Ri chnmond, VA 23297-5000, reports
prepared on DD Form 805 for installations
neeting the criteria of paragraph (1) above.
(Installations will report to higher
authority in accordance with the format and
gui dance directed by their respective
Conponent Headquarters.) The data will be
transmtted via AUTODIN. DD Form 1392, Data
Message Form will be conpl eted and
subnitted with DD Form 805 data in 80-col umm
format (see para e below) to your |oca
communi cati ons center for transmission to
DOSO. The routing indicator code for this
activity is RUQADGA, with a content
i ndi cator code of I AAA. This information is
annotated in the addressee bl ock.
(5) This reporting requirenent has been
assi gned RCS DD- MRA&L (SA&A) 1337.
d. Preparation of the DD Form 805
(1) The follow ng general guidance is
appl i cable to DD Form 805
(a) DD Form 805 (fig 2-61) will be
locally reproduced on 81/2- by 11-inch
paper. Arny users can obtain this form
through their normal publications supply
channel s.
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(b) DD Form 805 will -

1 Cover the total anmpunt of each
type of storage space at the installation or
activity concerned, even though this space
is tenporarily used for other purposes.

2 Include all space that has
been outgranted, ingranted, or otherw se
used.

3 Include the total amount of
storage space at the installation,
regardl ess of the occupants, except space
excl uded per paragraph c(3).

(c) Only one DD Form 805 will be
prepared for each installation. Rea
property and inprovenents, |ocated on
adjoining land that is controlled by the DOD
Conponent, w |l be considered as one
installation regardl ess of m ssions,
functions, installation classification, or
activities that may be | ocated there. A
public highway or railroad right-of-way
passing through an installation will not be
consi dered as breaking the continuity of the
land. In those cases in which installations
are physically separated, they will be
treated and reported as separate
installations regardless of comand
structure.

(d) When an installation has an annex
or subinstallation (geographically
separated), the annex or subinstallation
will be reported on a separate DD Form 805
at the sane frequency as the parent
installation. The parent installation wll

be identified under "Renmarks" on al
subinstallation reports. Data pertaining to
the subinstallation or annex (separated)
will not be included in the parent
installation report. Annexes or

subi nstal l ati ons not presently reporting
will submt reports only if the 1,000,000
GSF standard is net. A separate installation
identity code will be assigned in this

i nstance.

(e) Al entries (lines or remarks) on
DD Form 805 pertaining to square feet (SF)
or cubic feet (CF) will be expressed in
t housands rounded to the nearest thousand
(e.g., 23,499 will be reported as 23; 24,500
will be reported as 25, etc.)

(f) Al entries in GSF will be conputed
by-

1 Using inside neasurenents between
exterior walls of covered storage areas
wi t hout deductions for firewalls or other
structural |osses. Enployee parking areas in
covered storage space is also included and
will be reported as vacant.

2 Using overall neasurenents of open
storage areas with no deductions for
trackage and pernanent roads within the
area. For uninproved open areas, only that
space occupied by stored materiel or used in
support of storage operations will be
report ed.

(g) Al reports nust be in bal ance
before subnitting. A sanple of a conpleted
formis shown in figure 2-62
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(h) An exanpl e of the output generated

fromthe DD Form 805 submission is shown in
figure 2-63.
(2) Detailed guidance for preparation of
DD Form 805 is as follows (see para e bel ow
for guidance on the 80-colum fornat for
dat a subni ssion):
(a) Header section.

1 Report Date. Enter the last two
digits (00-99) of standard data el enent
"year," and the two digits (01-12) of
standard data el ement "nmonth" to represent
t he as-of date.

2 Installation Code. Enter a four-
character alpha identity code as prescribed
in JCS Pub 1-03.19.

3 DOD Component. Enter "A" for Arny,
"N' for Navy/Marine Corps, "F' for Ar
Force, or "D' for DLA

4 Name of Installation. Enter the
name of the installation as listed in JCS
Pub 1-03. 19.

5 City Nane. Enter the nane of the
city in which the installation is |ocated as
listed in JCS Pub 1-03.19.

6 State/Country Code. Enter the
state/ country code in which the
installation is located as listed in JCS Pub
1-03. 19.

7 Frequency. Enter "A" for annual or
"L" for sem annual .

(b) Columm data definition (types of
storage). Refer to section A this chapter,
for detail ed explanati ons on types of
storage facilities.

1 Colum B, Total Covered. No entry
is required since the programw || conpute
total covered and will enter this total in
colunmm B. Total covered is equal to the sum
of columms C through L.
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2 Colum C, General Purpose Heat ed.
This is warehouse space in buildings
designed for storage purposes in which the
tenperatures can be controlled within
specified lints by application of heat. It
does not include space equipped with
hum dity control devices or areas specially
designed for storage of highly flammable
mat eri al s or hazardous comuodities.

3 Colum D, General Purpose Unheat ed.
General purpose unheated refers to warehouse
space, other than controlled hunidity and
f I ammabl e/ hazar dous, in buil di ngs designed
for storage purposes that are not equipped
with heating capability.

4 Colum E, Controlled Hum dity. This
i s war ehouse space equi pped with humdity
control equipnent.

5 Colum F, Fl anmabl e/ Hazar dous.
War ehouse space which has been specially de-
signed for the storage of hazardous and/or
flammabl e material s excl udi ng expl osi ves,
amuni ti on, and anmunition conponents is
call ed flammabl e/ hazar dous space.

6 Colum G Chill. Chill refers to
space in a refrigerated warehouse in which
the tenperature can be control |l ed between 32
degrees and 50 degrees (0 Cel sius and 10
Cel si us).

7 Freeze. This is refrigerated
war ehouse space in which the tenperature can
be controlled below a | evel of 32 degrees (O
Cel si us).

8 Colum |, Shed. Al space in non-
war ehouse buil di ngs wi t hout conpl ete side
and end walls is shed space. It excludes
transitory-type shelters.

9 Colum J, O her. This is any space
assigned for storage operations within a
structure designed for other than storage
purposes. It includes, but is not Iimted
to, barracks, dry tanks, hangars, transitory
shel ters, and quonset buildings. A
transitory shelter is a prefabricated
sectional, nmetal structure, normally with
conpl ete sides and ends but w thout
utilities. Atransitory shelter is
classified as a storage aid rather than a
real property facility.

10 Colum K, Magazine. Magazine re-
fers to space in a warehouse (above ground)
or igloo (earth covered) type structure used
for the storage of explosives, anmunition,
or | oaded anmuniti on conponents.

11 Colum L. Inert. Space in a ware-
house-type structure which is dedicated for
the storage of nonexpl osive amrunition or
anmuni ti on conponents is classified as inert
space.

12 Colum M Open | nproved. This is
open storage space whi ch has been graded and
hard surfaced or prepared with topping of
some suitable materials so as to permt
effective materials handl i ng operations.

13 Colum N, Open Uni nproved. Open
uni nproved storage space refers to an open
area whi ch has not been surfaced but which
is actually in use (i.e., occupied) for
storage purposes. Vacant open uninproved is
not i ncl uded.

(c) Line data definitions and
descriptions.

1 Section A-Gross Space Avail abl e.
Al'l data reported in section A are in
t housands of SF.

a Line 1, Total SF Prior Report. No
entry is required since the programw |
automatically enter under columms B through
N the total SF reported in the prior report.

b Line 2, Total SF This Peri od.
Enter under columms C through N all of the
gross storage space at the installation or
activity, regardless of its location or the
pur pose for which the space being used was
designed or is designated, which is assigned
or used for any operation concerning storage
or the support of storage functions at the
installation or activity.

c Line 3, Unusable SF. Enter under
colums C through Mthe anpbunt of GSF
included in the categories defined bel ow

(1) Space so deteriorated that it
fails to provide a sufficiently protective
environnment for the storage of material

(2) Space that is unsafe for
storage operations or where its use would be
in violation with established regul ati ng
criteria.

(3) Space that is restricted from
use due to inadequate physical security
protection.

d Line 4, SF in Standby. Enter
under colum C through Mthe anmount of gross
storage space in standby status which is
contained in conpletely enpty covered
structures, or open inproved areas which are
not required to support the installation's
m ssion and whi ch have been secured. This
entry will not include vacant Y-sites (i.e.
sites with earthen barricade on four sides).
I gloos currently used as fallout shelters
will be included and identified under
"Remarks." Space in conpletely enmpty
sections of covered structures that can be
i solated and | ocked is authorized to be
pl aced i nto standby.

e Line 5, Qutgranted SF (non-DOD).
Ent er under colums C through N the anpunt
of gross storage space which is outl eased,
licensed, or permitted to private industry
or non-DOD Governnent (Federal, state,
county, local, or foreign) agencies for
their operation (e.g., storage space
identified under support agreenent(s) and
not
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avail able for the reporting activity's
operation). This includes all space which is
al | ocated, assigned, or used for the storage
of material other than that owned by DOD
Conponents. For purposes of this report,

mat erial or supplies belonging to all other
def ense agencies will be treated as non-DOD
mat erial. Include space outl eased to private
i ndustry on a |l andlord-tenant basis for
which rent is paid by the | easee. Al so

i ncl ude space classified as storage space
at the tine it was outl eased, |icensed, or
permtted even though it is not currently
bei ng used for storage purposes. Wen a
change occurs since the last reporting

peri od, show under "Remarks" the conplete
agency nane(s); the conpany or conpanies
concerned; and the anpbunt of gross space
(covered and open, separately) used by,
assigned to, or allocated to each.

f Line 6, Qutgranted SF (DOD).

Ent er under columms C through N the anount
of gross storage space which is |licensed or
permitted to anot her DOD Conponent for its
operation (e.g., storage space identified
under support agreenent(s) and not avail able
for the reporting activity's operation).

I ncl ude space classified as storage space at
the tine it was licensed or permitted even
though it is not currently being used for
storage purposes. \When a change occurs since
the last reporting period, show under

"Renmar ks" the Conponent nane and the ampunt
of gross space (covered and open

separately) licensed or permtted to each

g Line 7, Total SF Qutgranted
(lines 5 plus 6). No entry is required
since the programw ||l conmpute the total SF
outgranted and will enter this total under
colums B through N. Total SF outgranted is
equal to the sum of outgranted (non-DOD)
(line 5) and outgranted (DOD) (line 6).

h Line 8 Ingranted SF. Enter
under colums C through N the amount of
gross storage space operated which is
ingranted by | ease, license, or permt from
one of the DOD Conponents. Those activities
havi ng only ingranted DOD space of 1,000, 000
or nmore GSF of covered space will begin
their reports on this line. Lines 1 through
6 are not applicable.

i Line 9, Total Available (line 2
plus 8 less lines 3, 4, and 7). No entry is
required since the programw ||l conpute
total available SF and will enter this tota
under colums B though N. Total available is
equal to the sumof total SF this period
(line 2) and ingranted DOD space (line 8)
| ess the sum of unusable SF (line 3), SF in
standby (line 4), and total SF outgranted
(line 7).

j Line 10, Aisles, Structura
Loss, and Support Space (SF). Enter under
colums C through Mthe sum of SF used for
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aisles, lost to structural features, and
used for support space.

(1) Aisles are defined as the
anount of SF used in storage areas for
novenent of material to and from storage
| ocations. Material conveyor systens are
excl uded.

(2) Structural loss is defined
as the anmount of SF not usable for storage
because of construction features or physica
characteristics. Wthin covered storage
areas, such itens as rest roons, colums,
firewalls, elevator shafts, ranps,
stairwells, steampits, switch panels,
| oading wells, and door clearances will be
considered as structural loss. Wthin
i mproved open storage areas, such additiona
itens as firebreaks, stream beds, railroad
tracks, and cl earances maintained for
utility lines will be considered as
structural |oss.

(3) Support space is defined as
the amount of SF used in support of storage
operations. Support space includes all space
used for preservation and packagi ng,
assenbl y, packing and crating, container
manuf act uri ng, receiving, inspection and
identification, shipping, material conveyor
systens, supervisory/adm nistrative storage
of fices |l ocated in warehouses or other
facilities used for storage operations (does
not include general admnistrative offices),
enpl oyees’ rest areas, |ocker roons, too
roons, tinme clock areas, mechanica
equi prent roons in refrigerated and
controll ed hunmidity warehouses, battery
charging stations |ocated i n warehouses, and
simlar support functions. Support space
al so includes civil engineering (public
wor ks) functions that are in support of
storage operations and are |ocated in ware-
houses or other facilities used for storage
operations. Wrk aisles that are contiguous
to these support areas are classified as
parts of such support areas.

2 Section B-Net Space Available. Al
data reported in section B are in thousands
of SF or thousands of CF as appropriate for
the specific line.

a Line 11, NSF in Bin Area. Enter
under colums C through J the net SF (NSF)
of space occupied by erected bins. The NSF
is deternined based on the outside
di mensions, length tinmes width, of the bin
st orage aids.

b Line 12 NSF in Rack Area. Enter
under colums C through J the NSF of space
occupi ed by erected racks. The NSF is
determi ned based on the outside dinensions,
length times width, of the rack storage
ai ds.

c Line 13, NSF in Bulk Area. Enter
under colums C through N the NSF of storage
space designated for bul k storage
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d Line 14, Total NSF (1lines 11 plus
12 plus 13). No entry is required since the
programw || conpute the total NSF and will
enter this total under colums B though N
Total NSF is equal to the sumof NSF in bin
area (line 11), rack area (line 12), and
bulk area (line 13).

e Line 15, TCF is Bin Area. Enter
under colums C through J the total CF (TCF)
in storage areas occupi ed by erected bin
storage aids. The TCF in the bin area is
conmputed by nultiplying the bin area NSF
(l'ine 11) by the unobstructed stacking
hei ght. The unobstructed stacking height is
defined as the distance between the fl oor
and the | owernost point of overhead
obstructions (e.g., sprinkler heads, joists,
rafters, beans, roof trusses, l|ighting
fixtures, duct work, etc.) less the
foll owi ng safety cl earances:

(1) Wien vertical distance
between fl oor and | owest obstruction does
not exceed 15 feet, a safety clearance of 1
1/2 feet is required.

(2) Wien vertical distance
between floor and | owest obstruction is
greater than 15 feet, a 3-foot safety
cl earance i s required.

(3) Wien hazardous naterials
are involved or when storing in areas not
equi pped with sprinklers, a safety clearance
of 8 feet is required.

(4) There is one exception. A
cl earance of only 14 inches is required for
recl ai med drum storage, regardl ess of
stacki ng height, provided that the building
is of all-nmetal construction and contains no
electric wiring.

NOTE

The unobstructed stacking hei ght as
defined above is an indicator of only
the theoretical capacity of a facility.
It does not allow for limtations

whi ch may be i nposed by existing storage
aids, MHE, or floor |oad capacity;
therefore, the TCF also is an indicator
of theoretical capacity.

f Line 16, TCF in Rack Area
Enter under columms C through J the TCF of
storage areas occupi ed by erected rack
storage aids. The TCF in the rack area is
conmputed by nultiplying the rack area NSF
(line 12) by the unobstructed stacking
hei ght as defined above.

g Line 17, TCF in Bulk Area.
Enter under columms C through N the TCF of
storage areas designated for bul k storage.
The TCF in the bulk area is conmputed by
mul tiplying the bulk area NSF (line 13) by
t he unobstructed stacking height as defined
above. The TCF of inproved open storage wll

general ly be conputed using an average
stacki ng height of 10 feet; however, where

| ocal conditions and actual comodity
characteristics dictate a specific stacking
height, the latter will apply. In uninproved
open storage, report only cubic space
actual ly occupied by nultiplying NSF
occupi ed by a representative (sanple)

st acki ng hei ght.

h Line 18, Total TCF (lines 15
plus 16 plus 17). No entry is required
since the programw Il conpute total TCF and
will enter this total under columms B
through N. Total TCF is equal to the sum of
TCF in bin area (line 15), rack area (line
16), and bulk area (line 17).

i Line 19, ACF in Bin Area. Enter
under columms C through J the attainable CF
(ACF) in storage areas occupi ed by erected
bin storage aids. The bin area ACF is
conputed by nultiplying the bin area NSF
(line 11) by the height in feet fromthe
floor to the top of the bin storage aid or
to the hei ght which can be reached by
exi sting MHE, whichever is |ess.

j Line 20, ACF in Rack Area.

Ent er under columms C through J the ACF of
storage areas occupi ed by erected rack
storage aids. The rack area ACF is conputed
by nmultiplying the rack area NSF (line 12)
by height in feet fromthe floor to the top
shel f (level) of the rack plus the
addi ti onal height to which material can
safely be stacked on the top shelf of the
rack. For example, if the height fromthe
floor to the top shelf is 12 feet and

mat eri al can be stacked on the top shelf to
a height of 4 feet, the attainable stacking
height is 16 feet for that rack set. Cubic
space above the racks will only be included
to the extent that use of such space is
permitted by safety limtations and the
capacity of available MHE

k Line 21, ACF in Bul k Area.
Enter under colums C through N the ACF in
storage areas designated for bul k storage
The bul k area ACF is conputed by nultiplying
the bul k area NSF (line 13) by the stacking
hei ght that is attainable with avail able MHE
and is permtted by safety restrictions and
floor load limtations. Cubic space beyond
the reach of available MHE [ift height and
floor load limtations will not be reported
even though safety linitations or
perm ssi bl e stacki ng hei ghts have not been
attained. (The cubic capacities reported on
line 21 are limted to those attainable
under present storage arrangements and
achi evabl e with avail abl e equi pnent.) The
cubic capacity of inproved open storage
space will generally be conputed by using an
average stacking height of 10 feet. Were
| ocal conditions and actual comodity
characteristics dictate a specific stacking
hei ght, the latter shall apply. In un-
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i mproved open storage, report only cubic
space actually occupied, by multiplying

occupi ed SF by a representative (sanple)
st acki ng hei ght.

I Line 22, Total ACF (lines 19
plus 20 plus 21). No entry is required
since the programw Il conpute total ACF and
will enter this total under columms B
through N. Total ACF is equal to the sum of
ACF in bin area (line 19), rack area (line
20), and bulk area (line 21).

3 Section C Qccupi ed Storage
Space. Al data reported in section C will
be in thousands of SF or thousands of CF as
appropriate for the specific line.

a Line 23, Total SF Cccupied.
Enter under columms C through N the tota
anmount of NSF which is actually occupied by
material in the designated areas for bin
storage (line 11), rack storage (line 12),
and bul k storage (line 13). The NSF in bin
and rack storage areas is considered
occupi ed whether or not material is stored
t her ei n.

b Line 24, Qccupied CF in Bin
Area. Enter under colums C through J the CF
in bin areas which is occupied by nateria
or assigned to an itemas an active
| ocation. Surveys of occupied CF in bin
areas can be acconplished through visua
count of openings multiplied by the average
CF of the openings. Manual or autonated
| ocator files or statistical sanpling can be
used. See paragraph 2-13h above for
additional information on statistica
sanpl i ng.

c Line 25, COccupied CF in Rack
Area. Enter under colums C through J the CF
of rack areas which are occupied by materia
or assigned to a specific itemas an active
| ocation. Surveys of occupied CF in rack
areas can be acconplished in the nanner
described for bin areas above. See paragraph
2-13h above for additional information
on statistical sanpling.

d Line 26, Occupied CF in Bulk
Area. Enter under colums C through N the CF
of bul k areas which are occupi ed by
material. The bulk area occupied CF is
conputed by nultiplying the bulk area
occupi ed SF by the average height to which
material is actually stacked. The average
bul k stacking height will be determn ned by
random sanpl i ng of bul k stacks. For
additional information on statistica
sanpl i ng, see paragraph 2-13h above.

e Line 27, TCF Cccupied (lines 24
plus 25 plus 26). No entry is required
since the programw |l conpute the TCF
occupied and will enter this total under
colums B through N. TCF occupied is equa
to the sumof CF occupied in bin area (line
24), rack area (line 25), and bulk area
(line 26).
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f Line 28, Obligated Vacant SF.

Ent er under colums C through Mthat portion
of the vacant SF which is obligated to known
future requirenents within the next 12

nmont hs. Vacant SF is the difference between
total NSF (line 14) and total SF occupied
(line 23). If the obligated vacant SF for a
colum is equal to or greater than 25
percent of the vacant SF for that col um,
list in "Remarks" the specific quantities
and prograns to which all space reported on
this line is obligated.

g Line 29, bligated Vacant CF
Ent er under colums C through Mthat portion
of the vacant CF which is obligated to known
future requirenments within the next 12
nmont hs. Vacant CF is the difference between
total ACF (line 22) and total CF occupied
(line 27). If the obligated vacant CF for
any colum is equal to or greater than 25
percent of the vacant CF for that col um,
l[ist in "Remarks" the specific quantities
and prograns to which all space reported on
this line is obligated.

4 Section D-Remarks. The foll ow ng
types of remarks will be subnitted when
appropri at e:

alnitial Report. Installations
reporting for the first tine will cite the
date of activation of the installation, its
primary function, and a brief description of
the types of material to be stored.

b Final Report. A remark will be
provi ded which indicates that the current
report subnission is the last that will be
made by that installation. The reason for
report termination will be explained.

¢ Inactivation. An installation or
activity scheduled for inactivation will
cite the proposed date. When known, the
actual effective date and authority will be
shown. When an installation or activity is
to be conpletely closed out, the | ast report
submtted will be narked "Final Report." If
an installation is conpletely cl osed out
bet ween reporting periods and the | ast
report subnmitted was not nmarked "Fina
Report," a special report marked "Fina
Report™ will be submitted prior to the next
schedul ed reporting date to reflect any
changes.

d Parent Installation. An annex
or subinstallation (geographically
separated) will identify the parent

installation.

e Significant Data Changes. An
expl anati on nust be provi ded when changes in
total covered or inproved open storage from
one report period to the next exceed 40, 000
SF.

f Total SF Less Than
1, 000, 000. Changes that cause total SF for
this period (line 2)
to fall below 1,000,000 will be reported.
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g Total Standby SF. If the
anmount of SF in standby (line 4) exceeds 15
percent of total SF this period (line 2), a
remark will be included.

h Change in Qutgranted SF. A
remark will be provided for any change in
outgranted SF (non-DOD) (line 5) and
outgranted SF (DOD) (line 6). For outgranted
(non-DOD), the remark will indude the
conpl ete agency name(s); the conpany or
conpani es concerned; and the anobunt of gross
space (covered and open, separately) used
by, assigned to, or allocated to each. For
outgranted (DOD), the remark will include
t he Conponent nanme and the anount of gross
space (covered and open, separately)
licensed or pernmtted to each

i Ingranted Space. The source
and anount of gross space (covered and open
separately) ingranted fromeach of the other
DOD Conponents and i ngranted/| eased from
non- DOD sources will be identified.

j Significant ACF Changes.
Installations with firmknow edge of changes
in ACF which are expected wupward or
downward of 500,000 CF or nore for any
columm (type of storage space) or any

decreases which will inhibit mssion
pef f ormance nust be reported. The renmark
will include the amount of the change, the

reason, and the expected effective date.

k Obligated Vacant SF or CF. |If
the obligated vacant SF or CF for any col um
is equal to or greater than 25 percent of
the total vacant for that columm, each
specific obligation nust be identified. The
remark will include the quantity obligated,
the reason for the obligation, and the
expected date when the obligated vacant
space will be occupi ed.

| Unapproved Open Storage. The
total SF of open storage space occupi ed by
assets not approved for open storage (assets
in open storage which require covered
storage) will be included in remarks.

m Si gni fi cant Requi red Space
Changes. When known future changes in
requi renents are expected within the next 12
months, a remark will be included. Changes
in required TCF, either upward or downward
of 500,000 CF or nore for any colum (type
of storage space), will be reported. The
remark will include the amount of the
requi renent, the reason for the change, and
the expected effective date.

n Contingency or Wartinme Storage
Requi rement s. From conti ngency or wartine

scenari o planni ng docunents, estinmate the
total covered storage requirenents in
thousands of CF if significantly different
fromrequirements previously reported.
Installations without firmknow edge of such
pl ans may defer to the Conmponent
headquarters for input.
0 Special Situations.

Expl anati ons of data submitted or conditions
of whi ch managenment shoul d be cogni zant will
be included in the remarks. For exanple, if
storage space of a particular type such as
hum dity controlled is currently occupi ed by
mat eri al which can be safely stored outside
or in storage affording |l ess protection, the
amount of such space should be identified.

e Submi ssion of the SSVMR. The foll ow ng
gui dance is provided for the AUTODI N
transm ssion of DD Form 805 entires in 80-
colum fornmat:

(1) There are three formats for
transm ssion of data: format 1, header
format 2, detail; and format 3, remarks.

(a) Format 1, header. I nput
wi Il consist of one header line in the
format shown in table 2-3.

Table 2-3. Format 1, Header

Table 2-3. Fornot |, Header

Field

Colums Explonotion

13 Oocunent identifier code (0I() - Enter “B05' to ident:ty
reporting forn nunber

4 Cord type - Enter "' to 1dentity heoder

|

|
5-8 Installotson code - Enter o four-character o sho .dest ty ‘
code as isted in LS Pub 1-03.19 i
9 000 Conponent - Enter “A* for Arny, *N° for Navy/Mor ine
Corps. 'F* for Air Force, or °D* for 0LA

10-13 lote - Enter the lost tvo digrts (00-99) of stancurt sat
elenent year* (col {0-11) ond the two dogiis Ji-idt

of standard dota elenent *nonth’ (col 12-13) %o represent

the os-of date

14-9) Instel lation nne - Enter the aane of the instar at.or 35
listed in XS Pub 1-03.19

H-68 City - Enter the nane of the city in which the :nstol ation
is located

63-78 State/country - Enter the stote/country n ehich the
instalation is located

Frequency - Enter *A" for ol or "L* for sen aannuo

Leove blonk.

(b) Format 2, detail. Input will consist
of 22 detail cards in the format as shown in
table 2-4. A separate line image will be
submitted for lines 2 through 6, 8, 10
through 13, 15 through 17, 19 through 21, 23
t hrough 26, and 28 through 29

2-77
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from DD Form 805. Shaded
Form 805 (i.e.

and 27) will

therefore, input

l'i nes.

be conputer generated,;

is not required on these

Table 2—4. Format 2, Detail

| i nes shown on DD
lines 1, 7, 9, 14, 18, 22,

Table 2-4._Fornat 2, Jetail

Freld
[o'!fms Explonation
-3 0IC - Enter ‘805" to identify reporting forn runber
4 (ord type - Enter “0* to identify detail
58 Instatiation code - Enter o four-choracter afpho identity
code as |isted 1n JCS Pub 1-03.19.
9 000 Conponent - Enter *A" for Arny, *N° for Novy/Mor ine
Corps, “F* tor Air Force, or "0° for 0LA
i0-11 Sequence nunber - Enter |ine sequence nunber fron 00 Forn 805
Lines 2 through 6 ond 8 will be preceded by o zero.
12-17 Generol purpose heated - Enter the anaunt of general purpose
heated storage spoce
822 Geoergr purpese unhegted - Enter the anount of general
; purpese unheated storoge space
3 Contrc!'ed hunidity - Enter the onount of warehouse space
equipped with hunidity controi equipnent
B i Flarnat lehazardous - Enter the anount of flonnable/hazardous
| naterials storoge space
i
- ; [hilt - Enter the anount of chill storage spoce
842 Freeze - Enter the onount of freeze storoge space.
447 Shed - Enter the anount of shed storoge space.
48-52 Other - Enter the anount of storoge space in other type
storage facilities.
5397 Moguzine - Enter the snount of nagazine storoge space.
56-62 Inert - Enter the anount of space dedicated to inert storoge
63-68 Open 1nproved - Enter the anount of open inproved storage
space
0% Open wninproved - Enter the onount of open uninproved storoge
space
-8 Leave biank

2-78

(c) Format 3, remarks. The format shown
intable 2-5 will be utilized for subm ssion
of remarks. The renmark segnent (cols 14-77)
of the remarks format is limted to 64
characters per line; however, an additiona
line(s) nmay be subnmitted to accommodat e
characters beyond the 64 of the first |ine.
Continuation lines for an individual remark
are identified by a "2," "3," etc. in colum
13.

Table 2-5. Format 3, Remarks

Tobte 2-5. Fornat 3, Renorks
Explanation

Field
Colunns

13 DIC - Enter "BO" to identify reporting forn nunber
4 Cord type - Enter "R" to identify renarks

58 Instal lotion code - Enter o four-choracter olpho identity
code o5 listed in XS Pub [-03.19.

9 000 Conponent - Enter “A" for Arny, *N* for Novy/Morine
Corps, “F* for Air Force, or *0* for OLA.

10-11 Sequence nunber - Enter line sequence nunber fron 00 Forn B05
95 the line relotes to renork. Lines 2 through 6 ond B
ore preceded by o zero.

12 Colum letter - Enter the letter of the colum (( theu N)
fron 00 Forn 805 as renark pertains ta type storage
addressed (e.q., [ = Heoted, etc.)

13 Renark line nunber - Enter *1° for the first line of o renark,
‘2" for the tirst continuation line, 3" for the second
continuation line, etc.. as required

“n Renark - Enter required renorks

78-80 Leave blonk

(2) Anmninmmof 23 line images (i.e., 1
header and 22 detail |ine images) in 80-
colum format will be transmitted to DOSO
Additional lines will be transmtted or
remarks as required per paragraph (1)(c)
above.



CHAPTER 3

STORAGE PROCEDURES

Section |.

3-1. Ceneral

a. Pronpt and accurate processing of
receipts is a prinme requisite of an
ef fective supply system The details of
receiving operations are influenced by the
types of supplies to be handl ed, distance to
the storage |l ocation, type of MHE avail abl e,
and the physical characteristics of the
storage installation.

b. Although the basic principles of
receiving are universally applicable
wher ever supplies are received for storage
and subsequent distribution, receipts of
classified, pilferable, and sensitive itens
(including small armns) require special
handl i ng and controls over and above the
basi c receiving principles. Section VIII of
this chapter delineates the controls
necessary to process these types of
mat erials. Procedures for receiving
hazardous materials mnmay be found in TM
38-410/ DLAM 4145. 11/ NAVSUP  PUB 573/ AFR
69- 9/ MCO 4450. 12, Storage and Handl i ng of
Hazar dous Materi al s.

3-2. Planning and Coordi nating the
Operation.

a. The planning of receiving operations
requi res conpl ete coordination anong the
storage activities responsible for the
di fferent phases of the operation. This is
particularly true for itens with a security
classification. The proper evaluation of ad-
vance information prior to actual material
receipt is of utnobst inmportance to ensure
that appropriate prelininary steps are taken
to receive the supplies as efficiently and
econonmi cal ly as possi ble. Any correspondence
concerni ng due-in receipts should be
considered in planning. Prepositioned
materi al receipt docunments, purchase
orders, contract schedul es, advance bills
of lading, or other shipping docunents are
types of data used to determ ne approxi nate
arrival dates and type and quantity of
supplies. Pertinent infornmation on
significant due-in receipts must be given to
per sonnel concerned wi th warehousi ng,
transportation, preservation, packing, and
i nspecti on.

b. Pl anning and coordi nating pronote
ef fective storage space utilization
ef ficient assignment of |abor and equi pnent,
and recognition of receipts requiring
speci al handling or processing. Normally, it
is not reconmended practice to reserve

Recei vi ng

specific storage space for expected due-
ins However, through advance pl anning,
general deterninations can be nade on where
receipts will be stored.

3-3. Spotting and Control of Carriers.

a. Although current directives require
that the consignee be notified prior to the
shi pnent arrival, railcars and trucks nay
arrive with little or no advance noti ce.
Carrier scheduling can provide better
wor kl oad | evel i ng.

b. Upon notification of or arrival of a
shi pnment, the carrier nust be directed to
the desired unloading site. This action is
call ed spotting. Proper spotting results in
the foll ow ng:

(1) Straight line flow so that m nimum
travel distances and handling actions wll
be necessary fromthe carrier to the
receiving area or storage |ocation

(2) Continuous flow and proper bal ance
bet ween | abor and equi prent. Lost notion and
waiting time for |abor and equi pment nust be
held to a m ni mum

(3) Localizing the unl oadi ng operation
makes supervision easier. Al so, the use of
shorter hauls nmay reduce requirenents for
VHE.

c. Truckloads or carloads of a single item
or other large quantities of an item should
be spotted for unloading at the warehouse
where the material will be stored. This
shoul d al so be done for heavy or |arge cube
items not suitable for handling in a centra
receiving area. Sone carrier tariff
provi sions provide for nultiple deliveries
at the receiving installation. Such a
provi sion should be used when practical to
position material near the final storage
| ocati on.

d. Truckl oads or carl oads of mnixed
material, containers with nore than one line
item parcel post itens, and returns from
| ocal shop facilities, and other
organi zations can nornally be spotted and
processed nore efficiently through a centra
receiving activity.

e. Unl oadi ng operations to rel ease the
carrier nust be closely nonitored as there
are specific periods for carrier holding
without a penalty charge. These periods are
called free time. If the carrier is retained
beyond the authorized free tinme, time in
excess is subject to derurrage or
detention charges

3-1
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(1) Railcar dermurrage charges are
assessed for the detention of freight cars
on the basis of a specified anmount per car-
day. Shi ppers or consignees who detain cars
for | oading, unloading, or furnishing orders
to the carriers beyond the free tine all owed
by carrier tariffs are required to pay the
lawful Iy published charge. Specific
questions related to railcar demurrage
shoul d be referred to the installation
transportation officer to ensure that
current charges and rul es are consi dered.

(2) Truck detention rules and penalty
charges vary w th individual trucking
concerns and | ocations. Specific questions
must be referred to the carrier freight
traffic office.

3-4. Unl oadi ng Operations.

a. Each unl oadi ng operation requires
pl anni ng and on-the-spot supervision. The
unl oadi ng of supplies should be conpatible
with the procedures involved in tally-in and
i nspection of the receipt. In general, the
mechani cs of unl oadi ng supplies will vary
according to the type of carrier, type and
wei ght of supplies, type of unloading
facility, and MHE avail abl e.

b. The general unl oadi ng sequence
descri bed below is applicable to supplies
received by railcar or notor truck

(1) Before a sealed railcar or truck is
opened, the seal nust be checked for
condition and serial nunber. If the seal is
broken or nmissing or if, in the case of
excl usive use of van shipnments and rail car
shi pnents, the serial nunbers do not agree,
an annot ation should be made on the
docunentation and in the case of sensitive
cargo, the transportation office and
security office should be notified prior to

unl oadi ng.

(2) Railcar doors are opened by a device
simlar to that illustrated in chapter 4,
section |Il. Federal safety regulations

specifically prohibit the use of forklift
trucks to open railcar doors even when the
doors are equi pped with "pockets" to provide
for this type of operation. Truck doors are
opened nanual ly by the truckdriver. Doors
must al ways be opened so that personnel are
protected against falling containers or
items.

(3) A prelinmnary inspection should be
made when the carrier’s equipnment is opened.
If there is obvious evidence of shortage or
damage, the unl oadi ng operation should be
suspended, if practical, pending inspection
by the carrier’s representative.

(4) The method of entry into the carrier
for unl oadi ng depends upon the type of
carrier, type of nmaterial received, and the
physi cal characteristics of the receiving
area. If unloading is to be acconplished at

3-2

a dock | evel warehouse platform a bridge

pl ate or sone type of mechanical or
hydraul i c dock | evel er may be used to permt
entry of unl oadi ng equi pnent into the
carrier. Extensive conveyors nmay al so be
used at dock |evel warehouse platforms. If
the warehouse platformis at ground |l evel, a
portable platformmy be used to aid in

unl oading by forklift truck. Al so, a
portable ranp may be used to allow entry of
a forklift truck into the carrier

(5) Supplies which will nove to the
storage location either directly fromthe
carrier or fromthe receiving area, should
be palletized while in the carrier or as the
receipt is offloaded fromthe carrier

(a) In placing containers on pallets
within the carrier, the aimnust be toward
maxi mum pal | eti zation (or unitization) so
that the unl oadi ng operati on can be
acconplished as rapidly and efficiently as
possi ble. During the stage of the
operations, the supervisor should make
certain that the appropriate pallet pattern
is used. (See pallet pattern selection table
(table 3-1) and pattern outline table (table
3-2). For further information on
pall etization, see ML-STD 147, Palletized
Unit Loads.)

(b) The pattern should be reversed on
successive layers so that containers will
interlock and be tied together. Protection
of personnel, consideration of container
strength, the size of the door opening, and
capacity of equi pnment affect the size of the
pal | et | oad.

(c) Palletized containers should be
positioned so that the identification
marki ngs are visible at the outer rows of
the pallet |load. Proper palletization upon
recei pt pernits warehousing with a mni num
of del ay.

(6) Aforklift truck must have a limted
col | apsed mast height to enter a conveyance
to renove the supplies. Generally, a
forklift truck with a capacity of 2,000 or
4,000 pounds and a coll apsed nmast hei ght of
83 inches or less can be used for unloading
railcars, trucks, or internodal containers.
However, the floor strength of carrier
equi prent nust be checked to assure that the
floor can support the equi pnent and | oad.
Forklift trucks should not be used in
sem vans unless the tractor is in place or
suitable jacks are in place to prevent the
van from upendi ng. Because of size
l[imtations, a 4,000-pound forklift truck
with a coll apsed mast height of 91 inches is
the largest that can normally be used for
direct railcar unloading, and a 4, 000-pound
forklift truck with a coll apsed nmast hei ght
of 83 inches is the largest that can be used
for direct notortruck unl oadi ng.
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(7) Internodal containers on chassis, (8) Figures 3-1, 3-2, and 3-3 depict
railcars, or on the ground can be offl oaded vari ous workabl e net hods of unl oadi ng and
with the same MHE used to unl oad nateri al novenent of suppli es.

fromtrucks. In general, containers are
renoved fromrailcars before contents are
renoved.

R, K. PLATFORA connst ineanlllE g

A.  AFTER DOORMAY HAS EEEN BROKEN, PALLET SHOULD BE PLACED IN A
STRAIGHT FORWARD POSTION.

B. AFTER SUPFICIENT SPACE IN CENTER OF CAR HAS BEEN CLEARED,
PLACE PALLETS AT 45° ANGLE.

C. AFTER CENTER THIRD OF CAR CONTENTS HAS BEEN UNLOADED, PLACE
SUBSBQUENT PALLETS AT 90° ANGLES,

Figure 3-1. Unloading and movement to storage using forklift truck

3-3
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Figure 3-2.  Unloading and movement to storage using tractor-trailer train
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1. M.ng, sorting, and palletizing is performed as con-
tents af car are unloaded,

2. Containers should be placed on conveyor so contents
and sizes are readable by checkers and sorters.

3, Conveyor line may be set up on platform provided
there is sufficient working space.

Figure 3-3. Unloading and movement to storage—mixed car lots

3-5
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3-5. Checking Incom ng Materi al .

a. Tallying incomng nmaterial. Accurate
checking for the nunber of containers and
apparent damage to material is a basic
receiving action. Material should be tallied
concurrently with the unl oadi ng operation
The inbound recei pt docunment is generally
used as the tally record. Bar code equi pnent
used at this point can enhance accuracy (see
sec V, para 3-36). Wen such equipnent is
not avail abl el a blank copy of the receipt
docunment may be used to record and tally.
When a bl ank copy is used for record and
tally purposes, all available information
pertaining to the receipt will be inserted
in the appropriate portions of the form The
tally count may be nade by |ining through
t he nunbers around the border of the inbound
docurent and circling the nunber of m ssing
packages; or it may be acconplished by the
stroke tally nethod or by the recording of
contai ner quantities using the reverse side
of the docunent as a worksheet. The quantity
of supplies actually unl oaded and accounted
for nmust be reported as received. |In nany
i nstances, full truck and freight car
shi pnents of itens packed in uniform
quantities may be checked by the pallet |oad
as they are renoved fromthe conveyance.
This method of checking is particularly
advant ageous for all unl oadi ng operations
where the unit | oad nethod has been used by
the shipping activity.

b. Inspecting supplies.

(1) Once unl oadi ng has begun, damaged
cont ai ners should be set aside for
exanmi nation by technically qualified
personnel. In addition to these
i nspections, an SF 364 (Report of
Di screpancy) should be made for the
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reporting of itens and packagi ng

di screpanci es, as defined in AR 735-11-2/
DLAR 4140. 55/ NAVMATI NST 4355. 73/ AFR 400- 54/
MCO 4430.3. A SF 361 (Transportation

Di screpancy Report) will be prepared to
report over, short, astray, damaged freight,
or other types of transportation

di screpanci es, as defined in AR 55-38/
NAVSUPI NST 4610. 33/ AFR 75- 18/ MCO P4610. 19/
DLAR4500. 15. Phot ographs are extrenely
val uabl e and shoul d be used when details of
the di screpancy cannot be adequately
expl ai ned or can be nore fully supported by
such docunentation. Additional inspection
will be performed at the discretion of the
servi ce/ agency concer ned.

(2) The inspection-at-destination
directives of the nilitary services dictate
whet her a conplete or a sanple inspection is
required.

(3) If the point of acceptance is at
source, exterior containers (except for
classified items and small armnms) need not be
opened unl ess there is evidence of
tanpering, damage during transit, or other
i ndi cations that warrant such action
Classified itens and snall arns will require
a 100 percent verification of quantity
recei ved by openi ng containers and
physical ly view ng contai ner contents (see
sec VIIl of this chap). Simlarly, sealed
i nner containers need not be opened unl ess
there is a justifiable reason

(4) Repackagi ng and marki ng of receipts
may be necessary if they are received in
damaged containers or in containers
unsui tabl e for proper storage. Opening and
repacking nay also be required if there is
any question concerning the contents of the
cont ai ner.
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Table 3-1. Pallet Pattern Selection Table (40- by 48-Inch Pallet)

IKCHES IN LENGTH

containers are of sufficient strength to with-
stand superimposed loads, and where such
placement will cause no adverse effect in the
shipment or storage of the materiel.
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Table 3-1. Pallet Pattern Selection Table (40- by 48-Inch Pallet) (Continued)
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Table 3-1. Pallet Pattern Selection Table (40- by 48-Inch Pallet) (Continued)

INCHES IN LENGTH
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Table 3-2. Pallet Pattern Outline Table (40- by 48-Inch Pallet)

I I
1 8 15 22 29
L1T
2 9 16 23 30
1
3 10 17 24 31
- L
||
-
4 11 18 25 32
) =
H [[E
5 12 19 26 33
E[_:' o
6 13 20 27 34
|
I O B |
L 11
7 14 21 28 35
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Table 3-2. Pallet Pattern Outline Table (40- by 48-Inch Pallet} (Continued)

[ L
- A
36 43 50 57 64
37 44 51 58 65
38 45 52 59 66
i
[T ==
39 46 53 60 67
I T
40 47 54 61 68
1 —
S QU G
41 48 55 62 69
I s
42 49 56 63 70
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Table 3-2. Pallet Pattern Outline Table (40- by 48-Inch Pallet) (Continued)

|
71 78 85 92 99
(77— :
72 79 86 93 100
73 80 87 94 101
] I
74 81 88 95 102
I
75 82 89 96 103
76 83 90 97 104
77 84 91 98 105
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Table 3-2. Pallet Pattern Qutline Table (40- by 48-Inch Pallet) (Continued)

i [
-
106 1o 114 118 122
C
107 1 115 119 123
108 112 116 120 124
109 113 117 121
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3-6. Receipt Docunents

a. Control. The control of receipt
documents is basic to effective receiving
operations. It is essential that controls
provi de appropriate neasures to avoid
confusion in docunment handling and al so
provide tinely status information. Such
controls can be established through the use
of docunent registers, a file of docunent
suspense copies, or by use of mcrofil mng
techni ques. Manual or conputer nethods nay
be used to develop and naintain the contro
system A daily review of file makeup will
be made to assess delays in the processing
of receipts. The control system nay be
expanded to serve as a proof of storage too
or as a base for quality control sanples on
recei pt actions. The specific type and
extent of control will be determ ned by the
appropriate service or agency.

b. Processing. The flow of docunents in
the recei pt processing cycle will vary,
dependi ng on the type of receipt and the
| ocation of activities involved in the
recei pt actions. Copi es of the docunent or
information extracted fromthe docunents are
used for inquiries to the locator file and
for updating the various accounting records
associated with material receipts.

3-7. Marking of Material for Storage.

a. Material properly marked prior to
nmovenment to storage will result in nore
accurate stock accounting, nore accurate
i ssues, and easier inventory actions. The
procurenent of bar coded material can al so
aid inventory accuracy.

b. All material or its container
(excluding small itens of retail stock) must
be marked in accordance with M L-STD 129
Mar ki ng for Shipnent and Storage. Materia
whi ch deteriorates in storage (e.g.
subsi stence, batteries, film etc.) requires

Section Il. Shipping

3-9. Ceneral

a. This section provides guidelines in
shi ppi ng operations as they pertain to
storage functions. Primarily, the guidelines
deal with selection and nmovement of nateria
t hrough the supply operations and subsequent
delivery to the transportation officer for
out | oadi ng. Specific shipping instructions
are found in DOD 4500.32-R (Mlitary
Standard Transportation and Myvenent
Procedures (MLSTAMP)). In addition to the
provi sions of this section, the procedures
and controls, prescribed in Section VIII of
this chapter, will be applied to shipnents
of classified, pilferable, and sensitive
itens, including small arms.

3-14

date marking(s) as specified in ML-STD 129
to aid in FIFO issue. Any markings on
containers not applicable to the present
material will be obliterated.

c. Small itens of retail stock may be
identified by marking the bin or shelf where
the itemis stored. However, one itemin
each bin or shelf nmay be narked as a sanple
to assure positive identification of stock
therein. The sanple unit should not be
i ssued except when quantity of itens has
been depleted to a point where issue is
required.

3-8. Moving Supplies to Storage.

a. Movenent of supplies to storage is a
continuation of the unloading and receipt
processing actions. The nmaterial novenent
shoul d be nmade by the npbst expeditious and
econom cal means available. Matters for
consi deration include the selection of
equi pnent to be used, the type of supplies
to be nmoved, and the distance of the storage
area fromthe carrier or receiving area
Where conveyor or in-floor tow systens are
not available, a forklift truck is generally
used for short distance novenents (|l ess than
400 ft each way); a tractor-trailer train
(possibly electronically guided) or straddle
trucks for larger distances (over 400 ft);
or autonotive equi prment for certain
conditions such as difficult terrain or
excessi ve wei ght of material
The |l atter equi prment nmay be radio controlled
intra-installation transport vehicle. See
section C of this chapter for |ocation
control of material novenent.

b. Repacking operations should be
integrated with overall novenent actions to
reduce handling. In other words, the
mat eri al should be routed through the
appropriate processing actions prior to
final storage

b. The term "shipping" in its broad
application covers many functions and tasks.
VWhen "shipping" is related to whol esal e
storage operation, it enconpasses the
actions necessary to delivery naterial to
the carrier for novenent to a consignee. Its
ef fecti veness depends upon accurate
recording of receipts, proper storage, and
correct marking of material

c. The application of the principles of
efficient shipping practices can alleviate
unnecessary strain on transport facilities
and provide nore efficient and econom ca
handl i ng and novenent of DOD cargo.
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d. The shi pping operation invol ves
different organizational elenents. This
section does not inply that functions
mentioned will be performed by a particular
element within the installation

e. The provisions of this section do not
apply to shipnments of ammunition and ot her
dangerous articles. Directions for the
preparation and shi pnent of such itens are
contained in directives issued by the
nmlitary services. TM 38-410/ DLAM 4145. 11/
NAVSUP PUB 573/ AFR 69- 19/ MCO 4450. 12,

St orage and Handl i ng of Hazardous Materials,
may be referred to for the procedures in the
preparati on and shi pnent of hazardous
mat eri al s.

3-10. Shi pnment Pl anni ng.

a. Planning for shipping operations
actual |y begins long before receipt of a
docunent aut hori zing issue. The receipt,
| ocation, and storage of supplies should be
pl anned in a manner to expedite and sinplify
subsequent stock sel ection and preparation
for shipment.

b. Planning for a specific supply novenent
begi ns upon recei pt of information regarding
items to be shipped to a particular
destination. Proper consideration of the
factors will determ ne when and where to
spot carrier equi pment, when and where to
use speci al equiprment, and the nost
efficient way to assenble the material for
shi pnent .

(1) Quantity, weight, and cube of
material to be shipped.

(2) Requirenents for security, packing,
shi pment marking, intra-installation
mat eri al nmovenent, personnel, and MHE

(3) Mode(s) of transport to consignee.

(4) Date required for release to
transportation.

3-11. Freight Planning.

a. Freight planning is the process of
determ ni ng the nunmber of transportation
units (truckl oad, carload, and contai ner)
needed to nove a given shipnent. This is
acconpl i shed by determ ning the weight and,
if possible, the cube of the line itens
shown on the shipping docunents and
ascertaining the node of transportation.
Transportation equi prent of adequate
capacities should then be obtained. Supplies
and material should be assenbl ed and shi pped
in internmodal containers or carload or
truckl oad | ots whenever practicable, in
order to reduce the transit costs and
conserve transportati on equi pment.

b. Al shipnments, regardl ess of weight,
shoul d be referred to the transportation
of ficer at the originating installation.
Whil e route orders nmay be required and
obtained on all shipnents, generally a
10, 000- pound m ni num (subj ect to specific

exenption by the individual services) is
observed. A route order will specify the
node of transportation and routing. If a
domestic shipnment is involved, the route
order will be valid for timefranme as
designated in the Defense Traffic Managenent
Regul ation (AR 55-355, NAVSUPI NST 4600. 70;
AFM 75-2, MCO P4600. 14A, DSAR 4500.3); if an
overseas shipnment is involved, the order
will specify a date for arrival at port.

c. It is the responsibility of the storage
office to furnish the transportation office
with all necessary information for obtaining
routings.

3-12. Docunent ati on.

a. Efficient handling of supplies being
readi ed for shipnment requires the
preparation of docunmentation in tine to
acconpany the shipnent. The system for
control of outbound shipnments varies with
the services and, therefore, is not covered
in detail here.

b. An overriding factor, regardless of
shi pping service, is the fact that al
shi pnments nust be properly docunented to
elim nate delay, damage, or |oss. Unless
properly docunented, there can be delays in
| oadi ng; turnaround time of equipnent; time
to reach destination; or material |oss due
to misdirected shipments.

9-13. Shipnent Preparation

a. \Wenever a shipnent is to be nade, the
supplies should i medi ately be properly
packed, docunented, narked, inspected, and
assenbled in a convenient area so that no
time will be lost in carrier |oading.
Carrier equi pment nust be ordered by the
transportation officer of the activity.

b. Generally, supplies are noved to an
assenbly area or shipped direct fromthe
storage area. The latter nmethod permts
expeditious loading with elimnation of the
i n-between step of consolidation at a
preassi gned area.

Cc. Supplies requiring preservation
packi ng, marking, or other processing should
be noved to and fromthese functional areas
vi a nechani zed transport facilities when
possi bl e. Mechani zed transport includes use
of powered conveyors, intra-installation
transport facilities designed especially for
this task, and electronically controlled
tractor trailer tucks. The key is mininal or
zero manual handling, crosshauling, and
double handling. Intra-installation
transport conveyances shoul d be radio-
controll ed and operate on appropriate
schedul es to prevent backl og and bottl enecks
at material transfer points.

d. After the | oad has been prepared for
shi pnent (or before, if possible), the
transportation of-
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fice should be requested to order equi prment
fromthe carrier. The request should include
preci se informati on for spotting of

equi prent and any special requirenents such
as the need for double door freight cars,
refrigerated trucks, etc.

e. When supplies nust come fromdifferent
war ehouses or storage locations, the carrier
equi prent may be spotted accordingly, rather
than being held at a single |oading point.

Section I1I1.

3-15. Ceneral

tock location Systems nust pinpoint an exact
storage location in a sinple, easily

under stood manner. This is necessary to
mnimze training requirenents, to assist in
tinmely and accurate storage or selection of
stock, and to provide a base for optinmm
utilization of storage space. This section
prescribes the basic requirenents of a

| ocati on system

3-16. Policy.

a. Each military service/agency wll
establish a uniformstock | ocation systemto
be used by subordi nate supply and storage
activities. These systens will provide a
centralized stock |l ocator file to the
mexi mum extent practicable. Stock |ocation
systens will nmake opti mum use of nechani zed
processi ng equi pnent, conmuni cations
systenms, and automatic data processing (ADP)
equi pnent. Amrunition stock | ocations
systens, including planographs, storage site
data records, identifications, |ocator
i nventory records, and procedures will be
established as prescribed by the responsible
mlitary services commands.

b. Planning for storage |ocations for
classified, sensitive, and/or pilferable
items will include coordination with the
Security O ficer/Provost Marshal to ensure
that the security gui dance provided in
section VIIl of this chapter is inplenmented.

3-17. Design of a Stock Location System

a. Planograph. A planograph is a draw ng
of the actual |ayout of a storage structure
or outside storage area. The pl anograph
portrays the manner in which the gross space
within the storage structure or outside
storage area i s subdivided. These
subdi vi sions can be for such functions or
uses as storage areas, shipping and
receiving areas, main aisles, working
ai sl es, locker or restroons, and offices.
The chief of the storage activity is
responsi ble for the preparati on and use of
pl anographs. Pl anograph | ayouts are subject
to approval of the individual designated by
the pertinent commobdity and capacity factors

3-16

Ef fective spotting will ensure | oading
within the prescribed free tine limts and
mai ntai n a bal anced operation by effective
use of MHE and personnel

3-14. Loading.

Section | X of this chapter provides
procedures and techni ques for | oading
carriers.

St ock Location

established in chapter 2, Storage Space
Managenent. Pl anographs for anmunition
igloos WII be devel oped as prescribed by
the responsible military service. The

war ehouse pl anograph will be located in a
prom nent or focal point of activity in each
war ehouse, shed, or other storage area of
conparabl e size. It should be nounted on a
wood back and covered with a clear, acetate
overlay. Space vacancy information may be

i ncorporated on this overlay by use of a
grease pencil which will enabl e easy
revision, as required. Mintenance of

pl anographs is at the discretion of each DOD
Component .

b. Perineter lines. The lines drawn
around the outer side of any space
subdi vi si on on a pi anograph are called
perineter lines. The term describes the
outer boundary of any storage area.

(1) The area shown on general purpose
war ehouse pl anographs for bul k storage wll
be divided into equal 52-inch segnments in
width and length directions. These segnents
will be subsequently referred to as "grids."
This concept is based on use of the genera
pur pose pallet, 40 inches Iong and 48 inches
wi de plus 4 inches for material overhang and
handl i ng space. These grids are used to
denote | ocations and the position of pallets
al ong working aisles. The depth of pallet
storage can be shown on the planograph by
broken lines (figs 3-4 and 3-5). If the
perineter |line along any side of the storage
area is not equally divisible by 52 inches,
the marginal difference should be prorated
to increase each grid proportionately.

(2) The details of drawi ng perineter
and intersecting lines on the planograph for
| arge and nmedium |l ot bulk storage are the
same (figs 3-4 and 3-5). Large and nedi um
lot terns are explained in the d ossary.

(3) The use of perimeter and intersecting
lines in establishing grid patterns for

smal | | ot bulk storage is shown in figure
36. The term"small lot" is explained in the
A ossary.

(4) For storage areas with bin, shelving,
and pal l et rack storage aids, the dinensions
of the storage aids will govern the
pl anograph grid | ay-
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out. In these areas, the 52-inch grid
pattern will be disregarded. Section 1 of
figure 36 is an exanple of bin or shelving
layout. Figure 3-7 is an exanple of pallet
rack-type storage |ayout.

(5) Perimeter and intersecting lines for
shed, transitory shelter, standard nagazi ne,
and open storage areas are shown on the
pl anograph in the same nmanner as prescri bed
for general purpose warehouses.

c. ldentification of grids.

(1) ldentification of individual grids
will begin at the bottomleft side of the
pl anograph and continue in sequence to the
top. This procedure will be repeated for
each row of grids noving in sequence from
the left to the right side of the pianograph
(figs 3-4 and 3-5). Sequence of left to
right identity nmay begin anew for each
section, bay, etc., if desired. The sequence
of planograph identity for these |l ength and
width grids will be consistent for al
installation storage areas regardl ess of the
nunber of area subdivisions. These grid
identities then becone part of the |ocation
description pattern (d below) used for
|l ocating material. CGenerally, a specific
grid will be situated in the sanme relative
position within simlar structures or within
open storage areas. This mnimzes the need
for personnel to reorient thensel ves when
movi ng from one storage area to anot her.
Once the grid identities have been
determned, it is unnecessary to show on the
pl anograph those grids not being used for
mat eri al storage except aisles in bulk
storage areas ((2) below). The pl anograph
shoul d show the grid identities required to

| ocate stocks. Unused grids will remain
avai l abl e for floor plan changes as
necessary.

(2) In order to provide flexibility for
stock increases which require | ayout
changes, grid identities will be provided
for aisle space sufface areas on bul k
storage area pl anographs. Thus, grids
required for locations in the new | ayout
will be readily available in proper sequence
wi t hout disturbing the marking of grids
previously established (figs 3-4 and 3-5).

d. Location description pattern. Each
material |ocation in storage must have a
description pattern which will permt
i medi ate recognition of the specific site.

Thi s description consists of numeric or apha
nuneric characters and is preferably
separated into groups for easier reading.
The significance of individual characters or
group of characters in the |ocation
description will be established by each
mlitary service or agency. The | ocation
description pattern established shoul d
assure that the nunber of characters used
are kept to a mninumand yet clearly
identify material |ocations.

e. Installations with building, warehouse,
area, or block designations. Areas with
per manent |y assi gned engi neer draw ng
nunbers or letters nay be assigned ot her
code designators to such facilities for
| ocation description pattern purposes only.
However, reports related to utilization
bui | di ng schedules, etc., will refer only to
the permanently assigned nunber or letters.

3-18. Location Site Identification

a. Marking. Wen planographs have been
drawn and the |ocation description pattern
has been established, |ocation
identifications at the actual sites are
necessary.

(1) In open storage areas, appropriate
location identification at strategic points
wi Il be shown on pernanent, weat her proof
pl acards or signs.

(2) I'n warehouses, where floor surfaces
permit, |ocation description markings should
be di splayed on the floor. Marking can be
applied with decals, by stencil brush, or by
spray paint equi pnent. When applied to a
clean floor and protected by a coat of
cl ear | acquer or other suitable conpound,
sprayed or stenciled markings should | ast
for several years in normal warehouse
operations. Mrkings should be placed within
the aisle boundaries in order to be visible
at all times and at the edges of the aisle
to reduce wear from personnel and vehicle
traffic. Where the floor-marking nmethod is
not practical due to type of floor surface,
mar ki ngs nmay be di spl ayed on posts facing
operating aisles or other suitable easily
visible structural nenbers, or as otherw se
directed by the responsible nmilitary
servi cel/ agency.

(3) For sheds and transitory shelters,
| ocation markings will be displayed in the
sane manner as war ehouse mar ki ngs.
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Figure 34. Example of stock location layout for large lot bulk storage
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Figure 3-5.  Example of stock location layout for medium lot bulk storage
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Figure 3-6.  Example of stock location layout for retail bin or shelving and small lot bulk storage
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Figure 3-7. Example of view of a pallet rack-type stock location layout

(4) The quantity of location markings in
storage areas will be as directed by the
responsible mlitary service/agency. As a
m ni rum each aisle intersection should be
mar ked and every fifth grid
shoul d be nmarked al ong worki ng ai sl es.

(5) Due to variables in aisle and storage
aid dinmensions in bin, shelf, and pallet

rack storage areas, the standard net hod of
mar ki ng prescribed for bul k storage areas
cannot always be applied. However, suitable
| ocation identification will be displayed.
Applicable markings will be posted on
storage aid ends facing working or traffic
ai sl es. Additional markings may be painted
on the floor (fig 3-8).
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Figure 3-8 Example bin location descriptive pattern, including use of vertical location identifier

(6) In addition to the site marking
described in the precedi ng paragraphs,
marking is also required for vertica
location identification in certain cases.
For exanple, this type of marking is
required on bin, shelf, and pallet rack
openi ngs to designate a particular vertica
| ocation. Numeric or al pha characters may be
used (figs 3-7 and 38). In the case of bulk
storage areas where vertical identification
is not required, a standard al pha or numeric

3-22

character should be used within the | ocation
description pattern to maintain uniformty

3-19. Maintaining the Location System

Mai nt ai ni ng the stock | ocation systemis a
responsibilitv of the storage managenent
activity. Warehousi ng personnel w Il not
normal |y keep records of receipts and i ssues
or mai ntain bal ance records; however,
mlitary services may authorize an exception
for amunition.
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a. Stock locator file. A stock |ocator
file is the "heart" of a stock |ocation
system It is an address directory for al
stored materi al

(1) Existing records may be used to
initially develop the locator file. However,
to assure optinum accuracy, file
establishment should include a conplete
wal | -to-wal |l survey of nmaterial onhand.
Appropriate location information is then
entered into the locator file. The file nust
contain a |l ocator record for each item
stored. A record should reflect, as a
nm ni rum the stock nunber, condition code,
unit of issue, and location(s). Additiona
data nmay be entered as deened essential to
operations (e.g., noun nonenclature,
physi cal security/pilferage codes, shelf-
life codes, expiration dates, or |ot
nunber s) .

(2) Procedures nust be established to
ensure positive control of all additions
del etions, and changes to the locator file.
Effort nust also be directed to limting the
nunmber of stock |ocator records. This can be
done, in part, by selecting storage
| ocations which can hold the total quantity
onhand. Intelligent selection of |ocations
for stock issues and receipts plus
consolidation of nultilocation materia
into fewer or into a single location wll
also aid in reduction of locations per item

(3) The site of the locator file wll
depend on the installation | ayout and the
type of stock locator systemused (i.e.
mai nt ai ned by manual neans or by use of
El ectroni c Accounting Machine (EAM or ADP
equi prent). The file could be located in an
appropriate storage operation, in a central
machi ne processing office, or as part of
central conputer records. There will,
however, be only one locator file
mai nt ai ned except when a supplenentary
file is necessary for control of security
itens.

(4) Activities without an EAM or ADP
capability or activities which store only a
smal |l nunber of itens may use a locator file
system which is maintained entirely on a
manual basis. Location data naintai ned on
ADP equi pnent can be avail abl e al npst
i nst ant aneously by use of certain ADP renote
i nquiry equi pnent. The EAM and ADP net hods
can nechanically or automatically provide,
in varying degrees, related supply
docunent ati on such as | abels, stock
selection forms, material novenent forns,
and inventory count cards. Use of EAM and
ADP equi pnent will mnimze actions and
provi de speed and accuracy i n processing
| ocation actions and in the maintenance of
the locator file.

b. Receipt of material. Upon receipt of
material, the locator file will be screened
for the stock number received. Wen a
| ocation already exists, the material wll

normal ly be routed to that | ocation upon
compl etion of identification and
classification actions. |If the quantity
recei ved obviously would not fit into the
existing location, the material will be
routed to an appropriate warehouse area for
final location selection by the warehouse-
man.

(1) For receipts without an existing
location, if a file of enpty locations by
size and type is maintained, this file wll
be used to prelocate applicable itens. If
such a file is not maintained, the materia
will be routed to the appropriate warehouse
for selection of a final l|ocation by the
war ehouse- man.

(2) Placing material into an existing
| ocation, establishing a new | ocation, or
deleting a location requires feedback to the
| ocator file control activity. For this
pur pose, receipts noving to the storage
| ocation will be acconplished by either an
approved service/ agency form or a copy of
the receiving docunent. The docunent
acconpanying the nmaterial to storage nust be
annot ated by the warehouseman with the fina
| ocation data and returned to or through the
| ocator file control activity for proper
recordi ng.

c. lssue of material. EAM or ADP
comput er - generat ed i ssue docunents may have
mat erial |ocations printed on stock
sel ection docunments. Activities without this
capability must screen the locator file and
manual |y annotate | ocations. For genera
supply itens, when the quantity sel ected
reduces the location balance to zero, the
war e- houserman will prepare a location delete
action on the appropriate service/agency
formand forward it to the locator file
control activity. Because of item
configuration or replenishnent frequency,
certain locations nmay be designated as
permanent and not require del eti on when
tenporarily enpty. Criteria and procedure
for control of this will be established by
each service/ agency.

d. Location changes. War ehousi ng actions
frequently involve novenment of stored
material into a new | ocation or
consolidation with sinmilar material in
existing location(s). The location additions
or del etions caused by these actions will be
i mredi ately annotated by the warehouserman on
the appropriate service/agency form and
forwarded to the locator file contro
activity.

e. Changes to data elenents in |ocator
file. Changes to standard el enents of
managenent data in the |ocator record such
as stock nunmber, physical security/
pil ferage code, shelflife code, etc., may be
acconpl i shed automatically based on
centralized servicel/ agency data broadcasts
when
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ADP capability exists. Activities without
this ADP capability will require manua
actions to alter locator file records.
Servi ce/ agencies will establish procedures
and docunents to assure that the required
dat a changes are addressed at the materia

| ocati on.

3-20. Special Requirenents.

Stock | ocation systens require a periodic
val idation of locator record data to ensure
accuracy. This validation is acconplished in
two phases. The first phase, a | ocation

Section |V. Pest

3-21. Purpose and Scope.

This section provides guidelines to maintain
an effective stored product pest nanagenent
program Pest managenent is an essenti al
element in the overall care of supplies in

| and- and sea- based storage.

3-22. Ceneral

Many types of supplies are susceptible to

i nfestati on and danage by insects, rodents,
birds, and ot her pests. Methods and

equi pnrent normally are not available to the
consuni ng organi zation to permt reclaimng
i nfested stock or provide adequate contro
ni casures. Therefore, supply econony and
troop health and norale require that
suppl i es not be contani nated or damaged by
pests upon receipt.

3-23. (Objective.

The primary objective of stored product pest
managenment is to prevent or mninize | oss of
supplies. This objective is achieved through
the segregation and arrangenent of

i nfestible products, good housekeepi ng
practices, regularly schedul ed inspections
by trai ned personnel, and use of appropriate
pestici des, pesticide dispersal equipnent,
and ot her control neasures. Pest nanagenent
begins with the commpdity production and
continues throughout its life. Mnitoring
pest-induced supply losses is inportant in
eval uati ng and maintaining the effectiveness
of the stored product pest managenent
program An effective program uses
nonchem cal and chem cal control nethods. A
pest nmanagenent program nust actively

i nvol ve concerned personnel at all |evels:
storage, transportation, inspection,
pesticide application, and comrand.

3-24. Policy.

DOD policy is to establish and naintain an
ef fective stored product pest nanagenent
programat DOD activities. This manual is
consistent Wth DOD Directive 4150.7, DCOD
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survey, is done by conparing certain data in
actual warehouse |ocations with that in

| ocator records. The second phase, a

| ocation audit reconciliation, involves a
reconciliation between the validated storage
activity locator records and the accountabl e
activity stock record. DOD 4140. 35, Physica
Inventory Control for DOD Supply System
Material, is the basic document which
requires these validations and establishes
accuracy levels for the survey an audits.

Managenent

Pest Managenent Program which directs
installations to have witten installation
pest managenent plans. Pest nmanagenent
consultants (PMCs) or certified pesticide
applicators inplenent these installation
programns.

3-25. Responsibilities.

a. Supply and subsi stence nmanagers:

(1) Comply with recogni zed standards for
storage configurati on and housekeepi ng.

(2) Inplenent recomendati ons from
consulting and inspecting authorities.

(3) Notify the pesticide applicator when
pest infestations are detected and
i medi ately isolate the infested product by
renoving or covering it.

(4) Ensure final disposition of infested
subsi stence based on deterninati on made by
medi cal inspecting authority in accordance
with ML-STD 904 series, "CQuidelines for
Det ecti on, Evaluation, and Prevention of
Pest Infestation of Subsistence."

(5) Ensure final disposition of
i nfested nonsubsi stence in accordance with
applicable quality assurance gui delines.

b. Inspecting/reporting authorities (Arny
veterinary food inspector, Air Force
environnmental health officer, Navy
ent onol ogi st, shi pboard nedi cal depart nent
representative, or preventive nedicine
technician):

(1) Conduct routine inspections of
stored subsistence in accordance with ML-
TD- 904 seri es.

(2) Maintain records of pest-induced
subsi stence | osses and subnit reports
t hrough appropriate channels in accordance
with ML-STD 904 seri es.

c. PMCs located at DOD Conponent
headquarters, major commands, facility
engi neering field divisions, or area support
activities:

(1) Provide technical and nanagenent
gui dance for installation pest managenent
pr ogr ams.
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(2) Train and certify pest managemnent
personnel in accordance with DOD
requirenents.

(3) Review and approve technica
speci fications of stored product pest
managenment contracts prior to solicitation

(4) Provide technical review of storage-
related military construction, maintenance,
and repair projects because of their inpact
on effective pest nanagenent.

(5) Review pest nmnagenent records
and pest-induced | osses to eval uate program
ef fecti veness.

(6) ldentify stored product pests in
accordance with the M L-STD 904 series.

d. Pesticide applicators (any individua
who is certified to apply pesticides or
supervi se their use):

(1) Manage or inplement the installation
pest managenent plan

(2) Apply pesticides or supervise use of
pesticides by others in an environnental ly
saf e and effective nmanner.

(3) Notify activity safety, security,
fire, and nedical authorities prior to a
fum gati on operation

(4) Maintain records of pesticide
application on DD Form 1532 (Pest Manhagenent
Report) or equival ent systemin accordance
with DOD Directive 4150.7.

(5) Shipboard pesticide application is
performed by a nedical departnent
representative

3-26. Inspection

nspection is the basis for an effective
stored product pest mmnagenent program

a. Virtually all itens of subsistence are
susceptible to infestation or contam nation
by insects, rodents, and other pests.

(1) The term"infestible subsistence" in

this docunent refers to the products listed
bel ow.

Dry Pet food (in- Dried fruits
cludes bird seed Nut s

and | ab ani mal

f ood)
Fl our Cocoa and cocoa

bever age

Past a products powder
Grains and grain Dry m |k
products (corn- Candy

meal , grits, rice, Dehydr at ed

soups, veget a-

barley, rolled bl es, and gravy
m xes
oats, wheat base, Tobacco
products
popcorn, farina,
corn starch, etc.)
Spi ces Yeast food
Dry beans and Grated cheese
peas
Pr epar ed breakf ast Powder ed dairy
dri nks
cereal s

Bakery and fry Cof f ee

m xes

Cooki es and crack- Pr epared coconut
ers

Conf ecti oneri es Tea

(2) lItens packaged in glass or cans are
not susceptible to infestation except at the
time of packagi ng. Additionally, operationa
rati on packagi ng (Meal, Ready-to-Eat (MRE)
rations) has been shown to greatly reduce
the risk of infestation

b. dothing and textile itens are al so
susceptible to rodent damage. Wol, wool
bl end fabrics, feathers, fur felt, and other
materials of animal origin and untreated
wood are infestible by insects. Infestible
comodi ties, including MRE rations, should
be stored in a single section or isolated to
all ow for proper inspection and |ocalized
pest control

c. Inspection access aisle. Subsistence
and other infestible materials should be
stored off the floor and stacked at |east 24
inches away fromwalls. |Inspection/contro
ai sles of at least 24 inches for infestible
subsi stence will be maintained between every
three stacks/rows. Ships will conply with
the concepts of isolation and cl earances, as
their special requirements pernit.

d. Inspection of returned nateri al
Materials returned to storage from using
activities (especially internationa
novenent) may be infested. Wen returned
subsi stence is accepted, it should be
i nspected prior to placenent in the
war ehouse. Returned material found or
suspected to be contani nated by pest
infestations will be placed in an isol ated
area and treated as prescribed herein,
bef ore being sent through the processing
ar ea.

e. Inspection procedure for clothing/
textiles. Treated wool en cl ot hing, bl ankets,
and simlar itenms in conpressed bales are
sel dom af fected by insects because
napt hal ene or paradi chi orobenzene vapors are
trapped within the bale for |ong periods of
time. The odor is usually detectable.
Treated materials packed i n wooden boxes and
fi berboard containers do not retain vapors
for extended periods. Sanple |lots of itens
shoul d be selected at random renoved from
the containers, and exam ned for evidence of
pests or pest danage. Folds and seans shoul d
be very carefully inspected. C othing nmade
fromtextiles that have been treated with a
not hproofing agent within the last 2 years
is not normally susceptible to insect
infestation. The presence of pests or pest
damage found by warehouse personnel should
be i mediately reported to the supervisor.

f Inspection procedure for wood.
(1) Al types of hardwood itenms w thout
protective treatnments are subject to attack
by insects
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(e.g., furniture, craft items, tool handles,
wooden equi pnent parts, and pallets).

Shi pnments received fromtropical areas are
especially prone to insect infestation. Wod
dust (sawdust) and snmall hol es indicate
damage by insects.

(2) Termites are the nobst destructive
insect pests at nmilitary installations. They
eat wood and ot her cellul ose products such
as paper and fiberboard. They can destroy
structural tinbers, pallets, crates, boxes,
tool handl es, furniture, books, and other
wood and cotton products. By attacking
packagi ng or crating in storage areas, they
will seriously damage stored itens such as
nyl on parachutes and wool en cl ot hi ng.

(3) The storage officer should request
techni cal assistance fromfacilities
engi neering in the inspection of |unber and
other forest products for insects and wood-
destroying fungi. Infested tinmbers will be
treated with approved pestici des. Depot
stocks of wood products will be treated to
prevent infestation and damage.

3-27. Information Report Requirenents.

a. In accordance with service specific
directives and M L-STD- 904, all DOD
activities that store infestible supplies
will report pest-induced | osses.

b. The pest infestation |oss record
keepi ng and reporting requirenents
prescribed in this publication are assigned
Report Control Synbol DD-A&L (AR) 1701
Exi sting data el ements from DOD 5000. 12-M
DOD Manual for Standard Data El enents,
shoul d be used in the reporting requirenents
to the greatest extent possible.

3-28. Reclamation or Disposal of Infested
St ocks.

After infested stock has been fum gated, it
shoul d be examined for fitness for human
consunpti on or serviceability. Subsistence
unfit for human consunpti on may be sal vaged
for animal food or destroyed. Cloth or

ot her nonsubsi stence items, which are not
heavi |y damaged, shoul d be eval uated for
return to stock. In each instance, technica
advice prior to disposition of the affected
stock shoul d be obtained fromthe quality
assurance inspector, mlitary food

i nspector, or other appropriate personnel

3-29. Housekeepi ng.

Proper housekeepi ng practices are essenti al
for the protection of supplies in storage.

Fl oors, containers, MHE, storage areas,
pal l ets, and other storage aids nust be
clean and free of any substances that will
attract; provide food and water for; or

har bor insects, birds, rodents, and other
pests. Tears and ruptures in food containers
must be closed with a patch or the product
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shoul d be repackaged or renoved. Rodent -
proof garbage and trash receptacles wll be
provided in sufficient nunbers and

| ocations, and their use should be enforced.
Eati ng and drinking rmust be restricted to
desi gnat ed areas because open food
containers attract rodents. Dead rodents,
birds, and other pests nust be renoved
promptly fromthe storage area by warehouse
personnel. Renoval of all garbage and trash
shoul d be acconplished at | east weekly.

3-30. Summary of Pest Managenent Procedures.
Ef fecti ve pest nmanagenent operations wl|
provi de the necessary neasures to ensure the
safe and efficient control of insects,
rodents, weeds, and ot her pests. Pest
managenent will be conducted in accordance
with each installation's pest nanagenent
pl an and shoul d include inspections to
determ ne the need for and effectiveness of
pest control neasures; determnination of
construction needs and maintenance criteria
to protect against pest damage; and pest
control operations to include pesticide
application and funigation.

a. |Insect Managenent.

(1) Installation pest managenent pl ans
will provide for the application of
preventive as well as renedial contro
neasures. An effective stored product pest
managenment programintegrates the
conbi nati on of biological, nechanical
physical, cultural, and chemical controls.
Bi ol ogi cal controls or nmeasures include the
use of pheronone traps for survey and insect
growt h regul ators. An exanpl e of physica
control is tenperature regulation (i.e.
col d storage).

(2) Mechani cal controls include
drai ning, elininating harborage, and rodent
proofing. Cultural controls involve
i ncreasi ng awareness, stock rotation
trai ni ng personnel, and practicing good
housekeepi ng. Chenical controls include
sel ective use of pesticides in spraying,
dusting, fum gating, baiting, and wood
protection. Trained personnel are required
for pesticide application. Regardless of the
pesticide used, |abel instructions nmust be
followed in accordance with Federal |aw
Techni cal assi stance shoul d be requested
fromthe appropriate PMC since different
stored products pests may require different
control measures

b. Rodent Managenent.

(1) Rodents are serious stored products
pests. Rodent control is a continuous
programwi th a sustained effort to elimnate
the cause of infestation rather than one of
peri odi c intensive canpai gns. Effective
rodent control is dependent on the
elimnation of food and shelter. The contro
programwi || include renoval of food and
wat er supply,
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elimnation of shelter, rodent proofing
structures, and eradication by trapping,
poi soni ng, and burrow funi gation

(2) Observation of rodent signs is
essential in determ ning whether rodents
currently infest buildings and ot her
structures, the degree of infestation, and
in planning effective control. These signs
i ncl ude droppings, runaways, rub marks,
tracks, burrows, nests, damage, rodent
odors, rodent hairs, live or dead rodents,
gnaw nar ks, and danage to stored products.
Tal ¢ can be used as a tracking powder to
identify active infestations.

(3) The cleanliness of an establishment
is a nost inportant factor affecting the
nunber of rodents which may be present. A
rodent infestation can usually be traced to
unsanitary conditions, including infrequent
refuse coll ection and i nadequate di sposa
practices. General housekeepi ng which
i ncl udes a pl anned and conti nuous program of
collection and di sposal of opened food
cont ai ners, debris, rubbish, and garbage is
crucial to rodent managemrent. Proper
stacki ng of food supplies reduces avail abl e
har borage for rodents.

(4) Rodentproofing of buildings is
essential. Sheet netal of 26 gauge or
heavi er, 1/4-inch nesh hardware cloth, and
concrete are suitable materials for use in
rodent proofi ng. Qpenings greater than a
quarter of an inch should be seal ed.

Openi ngs such as cracks around doorways,
gratings, and wi ndows | ess than 5 feet above
the ground shoul d be covered. Openi ngs
around boxed-in piping and wire conduits
shoul d be cl osed. Access to spaces between

Section V.

3-31. Ceneral

a. To assist in achieving optinum econony
in the managenent and use of DOD supplies,
it is essential that accurate records of
quantity, condition, and ownership of the
i ndi vidual itenms be maintained. Periodic
verification of these records is
acconpl i shed through physical inventory. In
its nost basic form physical inventory is
an actual count of an itemat its storage
site. In the broad sense, inventory of
mlitary property involves a nunber of
actions other than a physical count of the
mat eri al on hand. Sone of these actions are
the verification of stock record bal ances;
the investigation, disclosure, and anal ysis
of cause of inventory discrepancies; and the
adj ustment of stock records and financia
records. This part is concerned prinarily
with the actions related to the physica
count of material.

b. Certain itenms have characteristics
which require that they he identified,

wal | s should be elininated. Doors should be
self-closing and tight fitting. Whod sills
and doors at ground | evel may be sheathed in
sheet netal to withstand gnaw ng.

c. Bird Managenent.

(1) Contracting. The facility engi neer
shoul d be contacted on any bird probl em
Each i nstance where pest birds are a problem
i s uni que.

(2) Preventive neasures.

(a) The ground around the storage area
shoul d be kept clean by renoving trash and
food and by using covered receptacl es.

(b) Stored supplies in warehouses can be
protected from bird droppi ngs by covering
the top layer of the supplies.

(c) Birds can be excluded from buil di ngs
or roosts with wire mesh or simlar product.
Screen all w ndows, ventilation openings,
etc., with wire mesh no larger than three-
quarters of an inch. Doorways that renain
open should be fitted with self-closing
screen doors. Large warehouse doors that
remai n open pose a special problem

(d) Roosting should be elininated by
installing alum num or gal vani zed sheet net al
at a 45 degree or greater slope on the
exterior |edges of buildings. There are many
tenporary measures to di scourage roosting,
but these may require frequent servicing.

(3) Reduction neasures. Bird popul ati ons
may be reduced by destroying nests and eggs,
trappi ng, and poi soni ng. Public synpathy may
be very high in any type of bird contro
program

I nventory

accounted for, secured, segregated, or
handl ed in a special manner to ensure their
safety or integrity. Because of these
speci al considerations, inventory of such
items is called a controlled iteminventory.
Controlled itens

(1) Cassified itens. Material which
requires protection in the interests of
nati onal security.

(2) Sensitive items. Material which
requires a high degree of protection and
control due to statutory requirenents or
regul ati ons such as narcotics; precious
nmetal s; items which are of high val ue,
hi ghly technical, or of a hazardous nature;
and small arnms, amunition, explosives, and
denolition materi al

(3) Pilferable itens. Material having a
ready resale value, civilian utility, or
application as to
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personal possession and are, therefore,
especially subject to pilferage

c. DODI 4140. 35, Physical Inventory
Control for DOD Supply System Material, is
t he basi ¢ docunent DOD Conponents use to
i npl enent DOD i nventory policies.

d. DODI 4140.35 sets forth a mni mum
acceptabl e accuracy | evel for sanmple
i nventories bel ow which a 100 percent
i nventory nust be taken. The DOD Components
may establish a nore stringent accuracy
Il evel if deenmed necessary. Only nmgjor
di screpanci es (see glossary of terns) are
used to conpute accuracy. DOD 4140.22-M
Mlitary Standard Transaction Reporting and
Accounting Procedures (M LSTRAP), provides
direction for the statistical conduct and
reporting of results.

e. DOD Conponent activities subnit a
quarterly Report of Inventory Contro
Ef fectiveness (RCS DD-1&L (Q 935) to the
next hi gher headquarters. This report is
used to assess inventory perfornmance.

3-32. Principles of Inventory Control

hysi cal inventory procedures mnust provide
positive control of "infloat" material and
docunentation. This control wll include
mat eri al rel ease orders, receipts,

adj ustnments, and catal og data changes.

Mut ual |y agreeabl e cutoff dates nust be
est abl i shed between storage and account abl e
activities for inventory actions that nust
be identifiable to ensure proper

consi deration in bal ance reconciliations.
Effective inventory control nust also

i nclude the foll ow ng:

a. Establishment of a physical inventory
control organization to enconpass al
rel ated i nventory functions.

b. Establishnment of training progranms to
devel op optimum capability for the conduct
of inventory.

c. Establishment and mai ntenance of
accurate stock |l ocation records (see sec Il
of this chap).

d. Acconplishnent of all directed physica
i nventori es.

e. Adequate control over any novenent of
mat eri al undergoi ng i nventory.

f Acconplishment of required research
prior to processing adjustnent actions.

g. Isolation of causes of potential and
actual discrepancies. Initiation of
corrective action to prevent recurrence.

3-33. Inventory Pl anning.
Each physical inventory nust be planned,
taking into consideration the follow ng:
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a. Number of itens invol ved.

b. Nunmber of |ocations involved.

c. Manpower requirenents.

d. Anticipated productivity.

e. Scheduling to obtain maxi mum efficiency
and accuracy.

f. Preparation of material in storage to
facilitate inventory counting.

3-34. Inventory Training.

Wth the planning factors established,
actual steps to acconplish the inventory
shoul d be outlined. Each individua
participating in the inventory should be
given a specific assignnent. Prior to
starting inventory actions necessary
training for all personnel involved, both
mlitary and civilian, should be conpl eted.
Required trai ning should be conducted

t hrough coordi nati on of all organizationa
el ements concerned. Suggested points for
enphasis in the conduct of this training
ar e-

a. Purpose of inventory.

b. Famliarization with the inventory
organi zati on and each participant’s part
t herei n.

c. Inportance of attaining the highest
degree of accuracy.

d. A thorough orientation in-

(1) Recognition and recording of correct
st ock nunber, nomenclature, and unit of
nmeasur e.

(2) Itemidentification.

(3) Condition classification such as
servi ceabl e, unserviceable, or other
appropri ate category.

(4) Counting techniques.

(5) Recognition of inproper or unsafe
mat eri al storage practices.

3-35. Preparation of Material for Inventory.
Every effort should be nade to arrange and
maintain stored naterial in the best
possi bl e manner through application of
proper storage practices. Prior to taking an
i nventory, stocks should be-

a. Properly identified and clearly marked.

b. Identified as a "Do Not Inventory”
item when these items are not to be
included in the inventory count.

c. Stored in the ninimum nunber of
separate | ocations commensurate with proper
storage practices.

d. Stored uniformy with respect to
quantity per container and contai ners per
pal | et.

e. Cearly highlighted to show where
conditions other than those in d above
exi st.
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3-36. Bar Code UWilization.

The use of bar code technol ogy in physica
i nventory and | ocation survey operations
provi des the followi ng benefits:

a. Source data el ectronically downl oaded
fromthe host conputer to a hand-held bar
code reading device elimnates the
requi renent to produce cards and |istings.
The portable bar code readi ng device serves
as both a pronpt to the operator and a
storage device for data taken fromthe
| ocation site. Bar coded | abels on | ocations
and key entry on the portable scanner
provi de the neans of capturing survey data.

b. Bar coding technol ogy can be
economcally integrated into existing
physi cal inventory and | ocation survey
procedures. Bar coded information on
| ocati ons can be scanned with a contact or
noncont act scanner (laser-type).

c. The cost per transaction and processing
time decrease, while accuracy increases.

3-37. Physical Inventory Guidelines.
The follow ng key el enents enphasi ze proper
i nventory actions.

a. Adequate training is a prerequisite of
efficient inventory control operations.

(1) DOD educational centers offer many
speci al i zed courses of instruction in
i nventory control, statistical sanpling, and
quality control. Such courses of instruction
wi Il provide personnel with a high degree of
skill.

(2) I'n addition to formalized off-post
training, each individual assigned to
inventory activities should be given
adequate on-the-job training to include the
fol |l owi ng:

Preparati on of docunentation

I dentification of itens.

Difficulties involved in counting at each
type of
| ocati on.

Saf ety requirenents

Security considerations.

(3) These training suggestions, if
ef fectively organi zed, should result in each
i ndi vidual being fully qualified for this
particul ar assignment.

b. Each error that creeps into the record
keepi ng system has a potential adverse
effect on inventory actions. The idea
attack on this problemwould be to elininate
the introduction of errors. But with
t housands of transaction entries nade each
day, it is inpossible to prevent error
introduction in total. So we do the next
best thing-we try to mninze error
i ntroduction and contain error growth.
Quality control actions are designed to do
this as are the | ocation survey procedures.
c. Cassified, principal, sensitive, and
controlled itens of supply will be

consi dered separate lots. A conplete
inventory of these lots will be acconplished
once each year or nore frequently if desired
by the installation commander or accountable
property officer. Reasons for this are as
fol |l ows:

(1) Classified itens require special
protection because of their security
designation and, therefore, should be given
special treatnment to ensure that each of
these itens is accounted for and our
nati onal interest is protected.

(2) Principal items are of strategic
i mportance, high nonetary val ue, unusua
compl exity of issue, and often involve
procurenent difficulties; therefore, these
itens should al so be given speci al
attention.

(3) Sensitive itens have a ready sale in
illicit markets and are especially likely to
be pilfered. A periodic inventory of each of
these itens is essential for their
protection and to di scourage pilferage
attenpts.

(4) Controlled itens of supply are
cl osely supervised because of their basic
cost, operational essentiality, conplexity,
or stock position and should al so be given
speci al attention.

d. An inportant point to keep in nmind when
performng inventories and reconciliations
that inventories are nornally conducted on
an open "business as usual" concept.

(1) We can have docunentation and
material "in-float." Both these situations
nmust be consi dered when counts and recorded
bal ances do not agree.

(2) W nust understand that, through
normal receipt and issue transactions,
counts may vary from bal ances and require
recounting. Actions such as these are
considered as "in-float" documents and
shoul d be reviewed carefully prior to
subnmitting final inventory results.

e. A survey conducted prior to an
inventory, to determine and correct
deficiencies, is an inportant phase of
inventory preparation. During this period,
every effort should be made to ensure that
conditions detrinental to the count are
detected and elininated. We know that norma
war ehouse activities tend to disrupt the
orderly placenent of stocks, identification
pl acards, and containers on pallets, in
pall et racks, or in bins. If left
uncorrected, these and ot her warehousing
irregularities could seriously deter
satisfactory completion of the inventory. A
prelimnary survey which includes all facets
of storage and warehousi ng nethods that may
interfere with inventory is a recomrended
pre-inventory action. Let us not conpronise
t he
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quality of the inventory through failure to
meke adequate preparations. The fol |l ow ng
are sone of the storage situations that my
be observed in a pre-inventory survey.

(1) During a prelimnary survey, you may
di scover conditions such as a pallet rack
containing material stored in such a nmanner
that many handling actions woul d be
necessary to deternine quantities. Wen
material is originally palletized, every
effort should be nade to place containers in
such a manner that nonencl ature and
quantities can be easily seen

(2) No markings on sone of the containers
and | oose pieces in a rack |ocation nmean
openi ng, counting, and repackagi ng nost of
the stock, thereby, increasing the chance
for error. This is a condition which should
be elimnated during the prelimnary survey.

(3) Wien naterial is cartonized and
placed to facilitate conveni ent recordi ng of
quantities without renoval of stocks from
the rack, time will be saved. Oigina
cont ai ners such as these, or seal ed and
properly nmarked packages, need not be opened
for inventory counting.

(4) Loose bin stocks placed in unit packs
accel erates the process of counting and
hel ps to elimnate counter errors.

(5) ldentification and quantities should
be exposed in such a manner that counting
will be a sinple matter

(6) Another situation which can cause
counting errors is a multi-itemstack. A
carel ess counter could inventory the whol e
stack as one item Open boxes that are not
| abel ed as open boxes in the stack, and
mar ki ngs not visible on the box, will also
cause problens. Storing nore than one stock
nunber in a bulk storage stack should be
avoi ded.

(7) Anot her exanpl e of warehousing which
if not recognized, could cause an inventory
error is when nultiple rows are the sane
item but one row has a different size box.
An inventory counter, if not alert for such
a condition, might believe these boxes are
another itemand onit the quantity fromthe
total stock in |ocation.

f Now that we have approached the starting
point, let's take a final ook at our
prei nventory checklist to assure that we
take off in the right direction. \Wen al
poi nts check affirmative, we can proceed
wi th physical count and get the inventory
of f the ground.

g. Wien starting your physical count, al
actions should be ained at one target-
ACCURACY. To hit this bull’s-eye neans a
successful inventory with a m ni mum of
effort and costs.

h. In striving for accuracy, nothing can
be left to chance. Wen conducting the
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physi cal count, be sure you know what you
are counting-do not guess. You cannot count
what you cannot see, so exam ne bul k and bin
| ocations carefully.

i. During the first count phase, the
quantities indicated on containers and
pal | et and/or stack cards may be accepted
provi ded an examni nation of the containers
reveal s no obvious errors. Al
irregularities (warehousing deficiencies)
will be reported to the appropriate activity
for correction.

j . Renenber, it does not pay to take too
much for granted. Although origina
contai ners or packages that have been packed
and seal ed | ocally, need not be opened for
inventory, counters should be continuously
alert for questionable containers. If there
is a reason to believe that the quantity is
i naccurate or the identification doubtful
the contai ner should be opened, verified,
and count re corded accordingly.

k. Incorrect counting is the prinme exanple
of how erroneous adjustments and secondary
counts are generated. Counts should be
recorded in terns of quantity tines unit
pack tines pallet (if applicable). Mdern
scal es are accurate to the wei ght of a paper
clip and shoul d be consi dered when
avail abl e. After you have recorded your
count, give it a second | ook to assure that
what you are going to report is correct.

. An inportant part of every inventory is
the research and investigation conducted on
di screpant itens prior to and after the
stock records are adjusted.

(1) Research and investigation is the
responsi bility of the inventory and stock
accounting activities. Inadequate research
actions will result in unwarranted
adj ustnents and increase the nunber of
compl ete inventories. Areview, prior to
updating stock records, could elimnate an
i nventory adj ustnent.

(2) Retain docunents considered during
the inventory phase to determine if materia
was in float or if change had occurred which
affected the quantity identified or
condition of the item After adjustnents
have been processed to the stock records, a
conmpl ete and through investigation will be
nmade on itens designated by the accountable
of ficer. Research lists prepared fromthe
adj ust nent routine nmust be screened and
transaction activity histories prepared on
each maj or discrepancy. Review histories for
recei pt, issue, and adjustinent docunents
prepared during inventory, which may have
been in-float at the tine count was
conduct ed. Determine whether there are
posting errors or adjustments of offsetting
quantities
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since the last inventory that would expl ain
the di screpancy and preclude report of
survey actions.

m Wen an approving authority is
exam ning inventory adjustnment reports prior
to approval, they may deci de through
personal judgenent and experience that an
item shortage may be due to | oss through
pilferage, theft, or other unauthorized

Section VI. Care of Supplies in Storage (COSIS)

3-38. Ceneral

Caring for supplies to assure a ready-for-

i ssue condition is an inportant task. The
DOD Conmponents prepare and publish detail ed
instructions to provide for the care of
itens for which they have managenent
responsibility. Such publications wll
agree with the policies of this manual. The
use of quality control techniques and
storage serviceability standards will enable
a COSIS programto be acconplished at

m ni mum cost with optimum efficiency.
Quality control and deterioration data wll
be generated to be used for inproving
standards of serviceability, specifications,
and procurenment quality standards.

3-39. Policy.

a. A programfor COSIS nust include a
quality control systemfor inspection and/or
test, a systemfor reporting and recording
quality control data, provisions for the
entry of true condition code of naterial
into item bal ance records, exercising ap-
plicable material, and a systemto assure
corrective actions are acconplished on
mat eri al deficiencies uncovered by
i nspecti ons. DOD Components will determne
the degree of activity required in each
phase of the program and establish
procedures. Major factors affecting the
degree of activity are the type of item
type of storage provided, and anti ci pated
| engt h of storage.

b. For material not covered by storage
serviceability standards or other adequate
i nspection procedures, frequency of materia
i nspection (excluding shelf-life itens) wll
be based on the type of storage provided for
the material (table 3-3). Frequency of
i nspection for shelf-life items will be
based on expiration dates.

c. Adequate protection fromthe el enents
and environnental conditions wll be
provi ded by neans of proper storage
facilities, preservation, packing, or a
conbi nati on of these measures.

d. The results of quality data generated
from anal ysis of inspection of itenms during
shi ppi ng, set assenbly, special inspections
directed by the item nmanager, customner

means. \When this happens, and the storage
cannot be expl ai ned by offsetting

adj ustnents, erroneous posting, or inproper
shi pnents, they WIIl direct preparation of
DD Form 200 (Report of Survey). This form
will be prepared by the responsible officer
and processed in accordance with applicable
servi ce agency regulations. DD Form 200 is
not used by Arny users.

conpl aints, and other quality feedback
information WIl be used to suppl enent the
regul ar cyclic inspection to evaluate the
adequacy of the COSIS program

Table 3-3. Inspection Frequencies for Material not Covered by
Storage Seruiceability Standards

Tyve of Storag oy
CH (or equivalent rating when such rating has
been approved by higher authority ... . 60
Controlled temperature warehouse ................. 30
Noncontrolled temperature warehouse 24
Shed/transitory shelter ... 12
OPEN ..o 6

3-40. Objectives.
The objectives of a COSTS program are to-

a. Maintain material readi ness posture
in CONUS and overseas conmmands at an optimum
| evel

b. Assure that the true condition of
material is known and recorded through
cyclic inspections and tests.

c. Provide a basis for realistic workl oad
forecasts to determ ne and substantiate
budget and nanpower requirenents.

d. Assure that only naterial representing
current or anticipated supply system
requi renents is scheduled for preservation/
represervati on and packing to preclude
expenditure of resources on excess or
obsol ete materi al

e. Pernmit adjustnents in storage inspection
frequencies and quality control efforts to
provi de greater efficiency and econony
t hrough anal ysis of data concerning
variation in deterioration rates.

3-41. Responsibilities.

a. The care of supplies is an integra
part of the storage and quality contro
responsibilities To discharge these
responsibilities properly and with a m ni num
of cost, a carefully devel oped programis
necessary at all echel ons.
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b. Were the stocks of one DOD Component
are stored in a facility of another DOD
Conponent, the Conponent operating the
facility is responsible for acconplishing
the care of supplies in the manner
established by the owning Service or agency
or in accordance with existing cross-service
agreenents.

3-42. Basic COSI'S Program Acti ons.

a. Performance of schedul ed inspection
actions on material in storage.

b. Performance of required exercising
actions.

c. Proper identification of itens.

d. Determination of adequacy of storage
envi ronnent, preservation, packing, and
mar Ki ng.

e. Accurate determi nation of item
condition and posting of this condition to
record.

f Prevention of all forns of deterioration
that will adversely affect the end use of
required itemns.

g. Restoration of required itens to a
servi ceabl e condition for issue.

h. Detection of fungi, mldew, spoilage,

i nsect infestation, and/or rodent, or other
pest damage to stocks; prescription or

adm ni stration of treatment; and

determ nati on that adequate preventive and
corrective neasures are taken (see sec D
this chap).

i. Inspection of shelf-life itens and
assignment of condition codes in accordance
with DODI 4140.27, Identification, Control
and UWilization of Shelf-Life Itemns.

Note. The termshelf-1life does not apply to
class V itens.

j. Assuring that all applicable elenments
are infornmed of any unsatisfactory
conditions found to exist in stocks; the
reasons therefore; corrective actions
requi red and taken; any pertinent data which
can be used to inprove the itemand its
care; and the packagi ng and/ or storage
envi ronnent considered to be best suited for
its continued storage.

k. Recommending to the applicable DOD
Conponent, basic changes in serviceability
standards or adaptations to |ocal conditions
such as storage environnent or availability
of specialized testing capacity not normally
found in storage installations. For exanple,
quality analysis nay indicate the need for
adjusting the frequency of inspection,
changi ng the preservation procedures, or for
revi sion of Acceptable Quality Levels or
defect classifications.

3-32

3-43. C@uidelines for Systematic Inspection
of Material in Storage.

a. Cyclic inspection. Inspection of
material in storage is an extrenely
important step in the evaluation of materia
quality. Its purpose and objectives are
directly related to a COSIS program |n many
nst ances, |ong periods of tinme elapse from
the time of receipt of material by the
storage activity until ultimte issue/
shipnent to the user. During this interim
period, stored material nust be
systematically inspected to detect
condition, degradation, corrosion, damage,
and ot her deficiencies caused by inproper
storage nethods, extended periods of
storage, or by the inherent deterioration
characteristics of the material. M nor
deficiencies nmust be detected before they
becone of mmjor significance, thus providing
for corrective actions before the materia
beconmes unserviceable or unusable. In this
regard, a program of cyclic inspection
identifies those stocks which require
corrective preservation and packing to
assure that material is maintained in a
servi ceabl e condition and identifies those
assets which require condition
reclassification to a | esser degree of
serviceability.

b. Effective and efficient execution of
the cyclic inspection systemrequirenents.
This will assure that-

(1) Stored material is inspected at
interval s indicated by the assigned shelf-
life code, inspection frequency code, or
type of storage afforded the material

(2) Quantitative data generated by the
cyclic inspection systemare thoroughly
anal yzed, sunmari zed, and furni shed
periodically to managenent to assist in the
elimnation of causes for deficiencies.

c. DD Form 1225 (Storage Quality Contro
Report). This Formwll be used for
recordi ng visual and di mensional inspection
results, unless a specialized report is
required or the mlitary services have
prescribed a detailed formfor this purpose
when testing is required, DD Form 1222
(Request for and Results of Tests) will be
used by the requesting and testing facility,
as appropriate, for initiation of the form
and recording test results. DD Form 1225
will be used to report inspection results
unl ess a sunmary report, satisfactory for
the purpose, has been established. For
certain supplies such as subsistence, the
requi rement for reporting volum nous quality
data makes it essential that a sunmary
report be used. When a summary report is
used, DD Form 1225 will be used only for
reporting quality deficiencies. Wen DD
Forms 1222
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and 1225 are used for an inspection lot, a
copy of DD Form 1222 will be attached to
each copy of DD Form 1225.

3-44. Special Considerations in Care of
Stored Materi al
a. Material in open storage. Ildeally, all

mat eri al should be stored in covered storage
space. However, since covered space is
usually at a premum there are occasions
when material nust be placed in open storage
areas. These itens nust be preserved
properly to withstand the exposure to
el ements. Additional protection can be
gai ned by use of plastics, tarpaulins, or
portable shelters over materi al

(1) Care nust be exercised in the
covering of naterials placed in open
storage. The relatively quick tenmperature
changes, to which such materials are
subj ected, cause noisture to condense on the
material, and, unless this noisture is
evaporated and carried away by adequate
ventilation, it will cause the stores to
nmol d or decay. In the case of nost neta
products, noisture condensation will cause
excessive rust, resulting in a high rate of
deterioration for the stored item

(2) Wien covering materials with
tarpaulins or other such materials, a
cl earance of 12 to 18 inches should be
mai nt ai ned between the bottom of the
covering and the ground, where possible. In
the covering of machinery or other
mat eri al s which are not boxed, the tarpaulin
shoul d extend to, but never below, the top
of the dunnage on which the material is
bei ng stored. To further induce air
circulation in and around the stored
mat eri al, an opening should be provided in
the upper area of the stack covering;
however, it should be arranged so that rain
or snow cannot enter the stack

(3) Al material stored outdoors should
be el evated above the ground by use of
dunnage or specially built platforms or
foundati ons (see chap 5, sec Ill, para 5-
16b(6) for wheeled and tracked vehicles
exception). The type of storage area wll
determine to a great extent the type of
dunnage required to provide adequate
ventilation beneath the stack. On well -
drai ned paved or bl acktop areas, the dunnage
used shoul d provide a m ni rum cl earance of 3
1/2 inches between the stores and the
ground. On well-drained gravel or simlarly
surfaced areas, the dunnage should be
i ncreased to provide a m ni mum cl earance of
8 inches. Wiere it is necessary to utilize
ungraded or poorly drained areas for
storage, the dunnage used should provide a
nmi ni mum cl earance of 10 inches above the
hi ghest possible water |evel. Such
cl earances do not pertain to the storage of
| unmber in open areas. (For detailed

i nformati on on | unber storage, see chap 5,
sec |.)

(a) It is inpossible to specify the
dunnage bearing surface required for al
storage conditions. On good concrete
surfaces, 4- by 4-inch dunnage spaced on 2-
foot centers would be sufficient to support
a stack of conparatively heavy equi pnent.
However, if this same stack of equipnment
were to be stored on an ungraded or
conparatively soft storage area, the bearing
surface of the dunnage on the ground would
have to be increased in proportion to the
decrease in the supporting quality of the
storage area. Therefore, the storekeeper
nmust consi der both the weight of the
proposed stack and the supporting quality of
the surface of the storage area in
determining the type and quantity of dunnage
required for each stack

(b) Under certain conditions, concrete
bl ocks nay be substituted for, or used in
conjunction with, wood dunnage. Warranting
ci rcumst ances could include-nmoist or humd
areas where danp rot or ternmite infestation
may occur; dry or torrid areas where dry rot
or wood beetle infestation may occur
pl anned | ong-term storage prograns; or the
| ack of sal vage dunnage, necessitating the
use of new materials, in which case the cost
factor woul d be considered.

(4) Materials stored in the open require

closer attention than those stored in
war ehouses or sheds. Such material nust be
i nspected for indications of preservation
failure such as paint blisters due to rust
beneath the paint, flaking or peeling of
pai nt, or deterioration of other applied
preservative. Usually, this is indicated by
smal | areas of rush or corrosion on the
preserved item Additionally, after hard
rains, heavy snows, w ndstorns, and abrupt
changes in the weather, stocks nust be
inspected for torn or displaced coverings,
accunul ati ons of water or snow, or other
conditions that rmay adversely affect the
material, and for damage to corrosion
preventives which have been applied. Mre
frequent inspection is required when the
at nosphere contains industrial waste, dust,
salt, or acids; when the relative humdity
(RH) is high; or when the material is
subjected to wi de variance in tenperature.

b. Shelf-life itenms. Itens which possess
deteriorative or unstable characteristics to
the degree that a storage tinme period must
be assigned to assure that they will perform
satisfactorily when issued. There are two
types of these shelf-life itens. Type
shelf-life itens have a definite (non-
ext endabl e) storage tine period term nated
by an expiration date whi ch was established
by enpirical and technical test data. Type
Il shelf-life itenms have an
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assigned storage tine period which may be
extended after the conpletion of prescribed
i nspection and/or restorative action

(1) Storage personnel are responsible for
executing the control program as directed by
the inventory manager. Effective shelf-life
control at the warehouse |evel requires
vigilance on the part of all personnel
careful supervision, and understandi ng of
the intent of the controlling procedures.
Shelf-life itens will be identified on
storage records by the assigned shelf-
life codes. Warehousing practices should
pernmt ready access to ol dest stocks and
controls will be established to ascertain
that the releasing authority's directives,
as to which stock to issue, are foll owed.
St ocks and records will also reflect
appropriate condition codes. Nornmally,
shelf-life itens will be issued on a FIFO
basi s al t hough exceptions to this policy may
be necessary when circunstances require.

(2) Stocks other than shelf-life itens
shoul d al so be rotated by use of FIFO
princi pl e wherever practicabl e.

c. Exercising. Storage serviceability
standards may require exercising of certain
equi prent (e.g., weapon recoil mechanisns,
certain vehicles, certain aircraft
conmponents, etc.). These exercising actions
nmust be done when required.

d. Special material condition nmarking.
Material condition tags/|abels, DD Form 1574
series, DD Form 1757 series, DD Form 1576
series and DD Form 1577 series, (M L-STD
129) will be used to identify material when
mat eri al may possi bly becone m xed during
mai nt enance, storage, or shipnment within (or
between) installations or when physica
evi dence of inspection is necessary for
material control to prevent duplicate
i nspections. These forns/labels are not for
i ndi scrimnate use on material that presents
no problemin storage or transfer. The five
material condition tags and five materia
condition labels to be used in identifying
material are item zed and their use
expl ained on table 3. To preclude
i nadvertent shiprment of unserviceabl e or
condemed naterial, such material should be
stored separately from serviceable materi al

(1) The tags/labels conspicuously marked
" SERVI CEABLE, " " UNSERVI CEABLE ( REPARABLE), "
" UNSERVI CEABLE ( CONDEMNED) , "
" SUSPENDED, " or "TEST/ MODI FI CATI ON, " as
applicable, will contain adequate

informati on regarding the identity and
condition of the item

(2) Any additional information or data
required to assist in depot material contro
may be added to the tags/labels provided
that such data are conpatible with the
prescri bed usage of each tag(l abel

(3) It is extrenely inportant that
material condition tags/labels be protected
from bei ng removed, defaced, mutil ated, or
altered to avoid duplication of work in
redeternmining the condition and
identification of the material

(4) These tags and | abels nay be obtained
t hrough normal supply channel s.

Table 3-4. Listing of Matertal Condition Tags, Labels, and
Instructions

Material Condition Tags

and Labels Use

DD Form 1574 (Service- | To identify serviceable materiel in
able Tag—Material) condition codes A, B, and C.

DD Form 1574-1 (Serv-
iceable  Label—Mate-
rial)

DD Form 1577-2 (Un-| To identify unserviceable materiel
serviceable (Reparable) that is potentially restorable to a
Tag—Material) usable condition. This includes

material in condition codes E, F,

and G

DD Form 1577-3 (Un-
serviceable (Reparable)
Label—Material)

DD Form 1577 (Unserv- | To identify unserviceable materiel
iceable  (Condemned) that is condemned as unsuitable
Tag—Material) for restoration to a usable condi-

tion {condition codes H and P)

DD Form 1577-1 (Un-
serviceable (Con-
demned) Label—Mate-
rial)

DD Form 1575 (Sus-
pended Tag—Material)

DD Form 1575-1 (Sus- | To identify material that is sus-
pended Label-—Mate- pended (stocks awaiting classi-
rial) fication, returned material await-

ing classification, or stock held

pending negotiation or litigation

(condition codes J, K, L, and Q).

DD Form 1576 (Test/| To identify serviceable materiel
Modification Tag—Ma- that requires test, alteration,
terial) modification, conversion, or dis-

assembly prior to issue (condition

code D).

DD Form 1576-1 (Test/
Modification  Label—
Material)

(5) Responsibility for authentication of
material condition tags/labels WII be
restricted to quality assurance/quality
control /inspection certified personnel

3-45. Preservation and Packi ng Methods for
Material Protection. COSIS inspection may
generate a need for preservation/ packing.
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a. Basic regul ation. The Joi nt

Regul ati on AR 700- 15NAVSUPI NST 4030. 28A/ AFR

71-6/ MCO 4030. 33A/ DSAR 4145.7 (Packagi ng of
Material) provides uniformcriteria for use
by all DOD Conponents in the selection and
prescription of packagi ng.

b. Detailed criteria. Specific
i nstructions governing basic techni qgues and
details of cleaning, selecting and applying
of preservatives, packaging, and packing to
protect material against deterioration and
damage are prescribed in appropriate
Gover nment specifications, standards,
servi ce/ agency directives.

and in

3-46. Stock Discrepancies.

Di screpant material found during COSIS,

i nventory, or issue actions may be
identified and controlled by use of DD Form
857 (Stock Discrepancy (Notice)) (see fig 3-
9). Procedures for use of this three-part
formwi Il be established by each service/
agency using the form

Section VII. Qperations in CH Space

3-47. Ceneral

a. In a high humdity environment,
conventional storage facilities do not

af ford adequate protection (to certain types
of supplies) agai nst danage and
deterioration that can result from excessive
hum dity. This is particularly applicable
where supplies are to renmain in storage for
extended periods. Itenms selected for CH
protection will nornmally be those itens

af forded a mini num degree of mlitary
protection, comrercially packed, or bare. To
ensure that the capability of nmaterial to
performits intended function will not be

i mpaired or that supplies will not becone
unfit for consunption as a result of
exposure to excessive hunmidity, nethods have
been devel oped to provide control of

hum dity within storage warehouses.

b. The control of humidity within storage
structures is a nethod of protection-not a
net hod of rejuvenation. CH storage will not
renove rust that is already present, nor
will it otherwise restore material that has
deteriorated prior to storage. Mteria
placed in this type of storage in a
condition other than clean may continue to
deteriorate, particularly when contani nation
is of a corrosive nature.

c. The recommended RH |l evel s for broad
categories of material are as foll ows:

(s:gflg‘?mmm] 5 2

FOCX NG,

e

CHECK REASON FOR DISCREPANCY

———————
EDITION OF 1 AUG 38
IS OSSOLETE.

DD Form 857, 1 sun 71

Figure 3-9. DD Form 857 (Stock Discrepancy (Notice)}

Material Percent RH
MELRLS ......ccevrerrsnrcenceennresesennssmersnssnenicerenss | $0-50
Plastics . Below 70
Paper ...... 40-55
Wood ... 40-55
Textiles 406-50
Rubber 45-60
Leather . ...... | Below 70
OPICS ..o cecericvmerinct e Below 60
3-48. Policy.
CH space will be considered pren um space

and will be occupied at all tines to the
maxi mum practi cable extent on a priority
basis with those itens to which CH affords
the greatest degree of protection and
benefit. Procedures governing the contro
and usage of exterior doors in CH buildings
wi |l be developed locally to ensure that the
operation of dehum dification nachines is
kept to a mi ni mum

3-49. Responsibilities.

a. The following responsibilities will be
assigned to a proper organizational elenent:
(1) Operate, calibrate, and maintain
hunmi dity reduction equipnent and all neters,
recordi ng devices, and other sinilar
equi prent related thereto
(2) Accumul ate, sumrarize, and
distribute devel oped "control"” data to the
extent required to ef
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fect efficient operation of equipment and
mai nt enance of humidity |evels.

(3) Correct, or bring to the attention of
the proper persons, any conditions exposed
whi ch indicate undesirable trends in inside
noi sture | evels, unreasonabl e continuous
operation of dehum difying equipment,
excessive "open door tine," or any other
factor which suggests excessive noisture
i ngress.

(4) Assure that the full objectives of
the CH storage programare realized (i.e.
maxi mum practical utilization of this asset
by reduction and retention of inside RH at
prescribed | evel through prudent control of
"open door" tine as well as
ot her applicable noisture-influencing
consi derations set forth herein). Ensure the
exi stence and numintain surveillance over
saf e operating conditions with regard to the
potentiality of carbon nobnoxi de gas.

b. Acentrally |ocated exterior RH
recording instrunment will be used as a neans
to advise CH space users when outside
relative conditions are at such level as to
al | ow access doors to remain open if
desirable, and also to close doors when
outside conditions rise above 50 percent RH

c. Conditions in CH buildings which
require repair will be reported as soon as
det ect ed.

3-50. Criteria for Facility Sel ection.

a. CH storage space should be provided for
areas where the outdoor RH is above 50
percent for nore than 50 percent of the
total time.

b. Equi prent for the control of hunmidity
in storage space will be operated to provide
an environnment not to exceed 50 percent RH

c. The nodern, pernmanent warehouses (VWVII
and later) are preferred for the storage of
current distribution stocks. These
war ehouses shoul d be converted to CH space
(by section or conplete warehouse), as
required and pernitted by avail abl e funds.

d. The ol der type permanent war ehouses
with i nconveni ent | oadi ng docks or ranps, or
other features which prevent naxi num
efficiency in storage operations will, when
economi cal ly practicabl e, be converted to CH
space for the |long-term storage of selected
itenms, including nobilization reserve stocks
and industrial equi pnment reserves, which
normal ly are not stored with regul ar
distribution stocks for rotation

e. Sections of warehouses used exclusively
for shipping receiving, and box shop
operations normally will not be converted to
CH space.

f Considering cost of installation and
continui ng cost of operation, CH space can
be installed nobst econonically in permanent
and standard portable frane warehouses such
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(1) Pernmanent-type warehouses
constructed with a build-up roof, concrete
roof decking with steel framing or |am nated
wood roof frami ng, block or brick sidewalls,
and dock | evel floors.

(2) Permanent-type war ehouses, gabl ed
roof with steel framing, block or tile
wal | s, w ndows, and |ouvers.

(3) Pernmanent-type warehouses
constructed with a nonitor in center third
of roof, block or brick sidewalls, and dock
| evel floor.

(4) Standard portable frane warehouses of
a type properly constructed for CH
installation.

g. The nobilization-type warehouses (e.g.
builtup roof with tinber fram ng, nonitor on
roof with continuous wi ndow openi ngs, wood
or ashestos siding, etc.) should not be
consi dered for conversion to CH space,
except as a low priority, due to the expense
of such conversion

3-51. Selection of Supplies.

a. Supplies to be stored in CH areas will
be selected in accordance with the criteria
and provisions prescribed by the mlitary
service or agency.

b. In the storage of ammunition, safety
factors inherent to this commodity will be
fol | owed.

c. Humidity affects materials as foll ows:

(1) Ferrous netals corrode in varying
degrees above 50 percent RH

(2) Aluminum alloy and nonferrous netals
deteriorate to a linmted extent at 90
percent RH.

(3) Mnerals such as mca, asbestos, and
fibrous glass show no deterioration by
noi sture.

(4) Fibers of manila and sisal rope nay
becone very brittle at humidities under 30
percent RH, however, upon exposure to nornal
humi dities, they absorb normal water content
and resune normal physical properties.

(5) itens such as voltnmeters, resistors,
tel escopes, pressure gauges, and itens
conprised of both electrical parts and
ferrous nmetals such as electric notors,
controll ers, tel ephone handsets, anplifiers,
circuit breakers, and nechanical fire
control computers show deterioration by
noi sture on various conmponents and in
various degrees above 50 percent RH

(6) If the RH falls bel ow 30 percent,
there is a tendency for rubber cable
coverings and other insulating materials or
el ectroni c equiprment to dry out and crack

d. Equipnent itens, nobile and imobile
whi ch, because of their physica
characteristics, are not adaptable to
stacki ng, should, when com
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mtted to CH storage, be first considered
for storage in lowroof areas, if such are
avail abl e. Consideration of the storage
met hod used will be given to serially
nunbered itens.

e. Unserviceabl e, econonically reparable
material awaiting repair, classification
(return material), or repackaging will be
tenporarily afforded CH storage in
accordance with the priority established for
the serviceable itemon a space avail able
basi s.

f Itens for normal distribution and for
nmobi | i zation reserve which are usually
stored together for rotation of stock wll
continue to be so stored when comrtted to
CH st orage.

g. Depots having dry storage tanks nust
recogni ze one basic difference between CH
war ehouse space and CH tanks. Supplies
stored in dry tanks nust of necessity be
confined to inactive, reserve-type stocks,
since ready and frequent access to the
interior of these tanks is not normally
economi cal or practi cal

3-52. Material Protection Factors.

a. Itens to be placed in CH storage may be
af forded the mi ni num practicabl e
preservation and packing, in accordance with
requi renents of the nilitary service or
agency.

b. Items currently in storage or received
fromprocurenent will not be repackaged to
attain a |l ower |evel of protection for CH
storage, unless such is acconplished as a
byproduct of normal care and preservation
and nmai nt enance operati ons.

c. Preservation and packing | evels can be
safely reduced to the mininumfor nmateria
consigned to CH storage. However, the degree
of additional hazard inposed on supplies
fromthe tinme they are shipped fromthe safe
confines of CH storage until they are
consunmed nust be taken into account.
Supplies in general nmust continue, as
al ways, to be protected at a time of
shi pnent to a degree comrensurate witn the
maxi mum anti ci pated hazard to which they
will be subjected in novement from storage
to consuner.

d. In certain cases, supplies and
equi pnrent destined for storage in CH
facilities are purchased at a reduced | eve
of preservation and packi ng. Supplies
recei ved fromvendors, so packed, wll be
pl aced in CH storage as soon as possible

after receipt. In the event CH space cannot
be made avail able after receipt, the |eve
of protection will, if required, be raised
consistent with the type of storage and the
anticipated | ength of storage.

e. ltens received fromsources such as
procurenents, returns, and transfers,
identified for CH storage, will be placed in
avail abl e CH space according to priority.
However, as a matter of judgenent on the
part of storage or inspection personnel, an
itemof higher priority, with |evels of
preservation and packing able to withstand
normal storage, may be passed over in favor
of itenms of |lower priority with | esser
| evel s of preservation or packing.

f Any action which reduces the |evel of
packagi ng of material, on the assunption
that it will be stored in CH space, will
require adequate controls to assure storage
in CH space

g. Movenent of supplies and/or pallets
which are wet or danp into CH areas should
be avoi ded.

h. I nterwarehouse transfers should be
conducted under preferred climatic
condi tions.

i. Schedules for cyclic inspection wll
normal |y be extended for itens under CH
st or age.

3-53. Utilization Factors.
a. Only through maxi nrum use of CH space

will the full extent of inherent economc
and physical benefits be realized. Maxi num
use, however, does not nean sinply filling

t he war ehouse, but naxi mum occupation by
supplies that require the protection

b. Storage operations in CH warehouses
will utilize the sanme basic principl es
of good warehousing that are practiced in
conventi onal warehouses. Specific attention
will be given to nodernization plans which
are geared to the inprovenent of practices.
St orage arrangenent shoul d provide for
maxi mum utilization of avail able cube,
direct accessibility of supplies and
equi pnent for proper stock rotation
accurate and legible identification
mobility of each item and application of
saf e storage practices.

3-54. Equi pnent and Operations Factors.

a. CH equi pnent should be located within
t he warehouse so as not to obstruct traffic
aisles (fig 3-10).
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Figure 3-10. A dessicant-type dehumidifier

These nmachines are installed at
prescribed intervals within the warehouse to
draw in the noist air, extract the noisture,
and blow the dry air into the area. To
elimnate obstructing operating areas, these
machi nes can be | ocated on el evated
pl at f or ns.

b. It is essential that the entrance of
hum d air into CH warehouses be kept to the
mninmumin order to maintain the RH at
desired level. Door control is nost
i mportant, since the greatest source of
nmoi sture penetration is through open doors.
An al arm system nmay be provided to signa
open doors.

c. Movenent of supplies into and out of CH
space will be planned to the greatest extent
practicable, so that only one exterior cargo
door in a section is open at a tine. Wen
two doors are open at the sane tine,
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particularly on opposite sides of the

war ehouse, drafts are generated which
greatly increase the infiltration of outside
air.

d To offset any operational disadvantage
occurring as a result of the "closed door"
policy, a convenient neans can be provided
that will cause cargo doors to i medi ately
open and subsequently cl ose when entrance or
exit is made. It is tinme-consumng for
operators to dismount fromtheir vehicles,
open the doors, renmount the vehicles, and
drive through the doors and then di snmount
once again to close the doors behind them

e. Use of power-actuated auxiliary doors
is one recommended neans for counteracting
this problemin active CH areas. Large
curtai n-type rubber netal doors actuated by
contact with MHE (e.g., tractors, forklift
trucks, etc.) can be installed in
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appropriate openi ngs when desirable. These auxil -
jary doors are not intended to replace current se-
curity doors; therefore, they will be so positioned
as not to interfere with the opening and cl osi ng of

the permanent doors (fig 3-11).

Figure 3-11.  Auxiliary door actuated by contact with MHE

(1) I'n the normal warehouse operation
i nsi de doors connecting the separate
war ehouse sections are |eft open during
operational periods. For CH warehouses,
during any extensive novenent of nmaterials
into or out of a single CH section to an
outside area, these inner connecting doors

to adjacent sections should be closed to
m ni m ze spread of noisture.

(2) Normally, personnel traffic using
regul ar personnel type doors wll have
little effect on CH operations. Personne
shoul d be cautioned to use these doors in
lieu of fire doors and al so that the doors
shoul d not renmi n open.
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(3) It is advocated practice to seal as
many access doors as practicable in
conversion to CH space. The sealing of cargo
doors shoul d be so designed that doors can
be opened for use as peak work situations of
maj or significance and duration warrant. It
is al so advisable to design sealing
techniques in a manner that will allow doors
to remain in "hung" position. Cosure should
not involve bricking up of doorways of
renmoval of doors

f In certain geographic areas, there my
be periods when the RH of outside air wll
fall below 50 percent. Under such
conditions, cargo doors nmmy be opened
wi t hout securing the inside area from
out si de noi sture penetration. This all owance
of "free" air circulation nmust be predicated
on day-to-day atnospheric conditions and not
"tinme of year™ considerations.

g. The use of battery-powered equi pment in
CH war ehouses is preferred and is
particularly recomended in very active
ar eas.

(1) Availability can be an inportant
factor in equi pment selection for handling
supplies in CH storage.

(2) Where battery-powered equi pnent
cannot be or is inpracticable to obtain or
use in CH Storage, gasoline engine-powered
equi prent can be used with certain

Section VIIIl. Security of Materials in Storage

3-55. Purpose.

This section establishes the m ni mum
security requirenents for the storage and
handl i ng of classified, pilferable, and
sensitive material. It also addresses the
requi renents for serial number control and
reporting of small arms under the DOD Snal |
Arnms Serialization Program ( SASP)

3-56. Definitions.

a. Cassified mterial. Material which
requires protection in the interest of
nati onal security.

b. Pilferable material. Material having a
ready resale value or civilian application
as to personal possession and, therefore, is
especially subject to theft (e.g., watches,
certain tools, and clothing).

c. Sensitive itens. Material which
requires a high degree of protection and
control due to statutory requirenents or
regul ati ons such as narcotics and drug abuse
items; precious netals; itens which are of
hi gh val ue, highly technical, or of a
hazardous nature; and snall arns,
anmuni ti on, expl osives, and denolition
mat eri al
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precautions. In use of such equipnrent,
certain factors nust be consi dered.

(a) Reduced ventilation nultiplies the
hazard of using gasoline engi ne- powered
equi prent, because of the increased
concentration of exhaust contam nants.

(b) When utilizing gasoline engine-
driven equi pnent in CH warehouses, any
concentration of carbon nonoxi de gas which
exceeds 50 parts of carbon nonoxi de per
1, 000, 000 parts of air nust be prevented.

(c) An engine with a "rich" mxture
produces far nore carbon nonoxi de than one
with a "lean" mxture and the output of
carbon nonoxide is nuch greater when the
engine is cold.

(d) Gasoline engines in CH storage
shoul d be turned off when not in service,
and shoul d never be allowed to idle in
st andby servi ce.

(3) Propane-or clean burning diesel-
powered VMHE are preferred, (when avail able),
in order to maintain acceptabl e carbon
nonoxi de | evel s within CH warehouses.

h. The installation safety officer, upon
request, will performor obtain qualified
personnel to performtests and neke
determination as to the extent of hazard
caused by equi prent engi ne exhaust and when
deli berate ventilation nust be introduced to
prevent undesirable concentrations.

d. Small arns. Handguns; shoul der -
fired weapons; |ight autonmatic weapons up to
and including .50 caliber nachine guns;
recoilless rifles up to and including 06mm
nortars up to and including 8lmm rocket
| aunchers manportabl e; grenade | aunchers,
rifle and shoulder fired; and individually
oper at ed weapons whi ch are portable andi or
can be fired w thout special nmounts or
firing devices and which have potential use
in civil disturbances and are vulnerable to
theft.

3-57. Ceneral
a. Protection of property.

(1) The protection of property, including
the prevention of internal pilferage or
maj or thefts of Governnment supplies and
equi prent, is one of the functions in
war ehousi ng. This function nust include the
protection of supplies and equi pnent in
storage areas and while they are in transit.

(2) Mlitary installations throughout
the world would lose millions of dollars
worth of property each year if subjected to
uncontrolled pilferage or theft. However,
the risks incurred cannot be nmeasured in
terms of dollars alone. Loss of critica
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supplies for tactical units could result in
unnecessary loss of |ife and danger to
nati onal defense.

(3) I'n sone areas, |osses have assuned
such proportions as to jeopardize the
m ssion of the installation. Al
installations can anticipate | oss. Actua
| osses will depend on such variable factors
as type and anount of materials, equipnent,
and supplies which are produced, processed,
and stored at the facility; nunber of
persons enpl oyed; social and econom c
conditions in surrounding conmuniti es;
command attitudes; and physical security
nmeasur es enpl oyed. Because these factors
will differ greatly in various types of
installations and in different geographica
| ocati ons, each nust be consi dered
separately.

b. Measures for control. Specific
measures for prevention of pilferage will be
based on careful analysis of the conditions
at each installation. The npost practical and
effective method for controlling pilferage
is the establishment of adequate physica
security and psychol ogi cal deterrents. This
may be acconplished in a nunber of ways.

(1) An aggressive security education
programis an effective means of convincing
enpl oyees that they have nuch nore to | ose
than they do to gain by engaging in acts of
theft. It is inportant for all enployees to
realize that pilferage is norally wong no
matter how i nsignificant the value of the
itemtaken.

(2) It is particularly inportant for
supervi sory personnel to set a proper
exanpl e and naintain a desirable nora
climate for all enployees.

(3) Al enployees nust be inpressed with
the fact that they have a | ega
responsibility to report any | oss to proper
aut horities.

(4) Adequate inventory and contro
measures should be instituted to account for
all material, supplies, and equi pnent. The
awar eness of poor accounting controls
provi des one of the greatest sources of
tenptation to a potential pilferer.

(5) An effective material control system
will be established which includes
i nspection of delivery and vendor vehi cles.

(6) Al suspected |losses will be
i nvestigated quickly and efficiently.

(7) An effective key and | ock contro
systemwi || be established and nonitored
regularly for security purposes.

(8) Keys controlling security areas will
be linmted to a mini mum nunber of authorized
i ndividuals to maintain operations and wil|
be strictly controlled by designated
i ndi vi dual s.

(9) Bulk quantities of highly pilferable
stock will be stored in enclosed security
areas and distributed fromthere to using
sections in linmted amunts, except as noted
i n paragraph 5-59h3).

(10) Accurate methods of taking physica
inventories and of accounting for stock
procurenent, usage, and salvage will be
est abl i shed.

(11) Entrance to security areas will be
l[imted to specific individuals properly
aut hori zed access to storage or processing
areas. Sign-in and -out registers will be
maintained in all security areas. Al
security areas will be posted as restricted.

3-58. Responsibi lities.

a. Commanders will administer the
necessary physical security measures for
protection of classified, pilferable, and
sensitive material, together with small arns
control and operation of SASP in accordance
with applicable mlitary service/agency
regul ati ons.

b. Commanders will ensure that all persons
involved in the receipt, storage, issue,
repair, and inspection of classified
material are versed in the instructions
contai ned herein and in regul ati ons
governing the security of classified
mat eri al

c. The installation TOP SECRET Contro
Oficer, or his alternate, will ensure the
security control of TOP SECRET nmteria
during receipt, storage, and issue.

3-59. Storage Security.

a. Storage of classified itens. These
items should be kept separate from ot her
material. The nost satisfactory nethod is to
store such itens in a separate building with
a hi gher degree of physical protection than
ot her buildings. Were a separate buil ding
is not available or where its use is not
warranted by the quantity of classified
storage, a room cage, or crib may be
constructed wi thin a warehouse building. Al
areas which contain classified material wll
be secured by neans of approved | ocking

systens. This will include any tenporary
storage space used for in-transit classified
material. In addition to classified itens

bei ng stored separately fromother nmateri al
classified material will be segregated in
storage fromsensitive but unclassified
itens. This further segregation will prevent
exposure to conproni se of classified
material incident to a break-in ained at
stealing unclassified but sensitive itens.
St andards for the physical protection of
classified itens are specifically
established in DOD Directive 5200.1 as
i mpl emented by each nmilitary service and
DLA.

b. Storage of pilferable and sensitive
itens.

(1) In addition to normal installation
security procedures, comranders will assure
that storage procedures and techni ques
afford adequate protection for pilferable/
sensitive items. Structural
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standards and control procedures should be
as set forth in inplenenting military
servicel/ agency regul ati ons. Dependi ng on

| ocal conditions and experience, these
protective measures shoul d i ncl ude vault
types or caged and/or fenced and | ocked
security areas, assignnent of responsibility
for control of pilferable/sensitive itens to
specific individuals, restricting access to
pil ferabl e/sensitive itemstorage areas, and
procedures to control movenent of these
itens within the storage installation

(2) Pilferable/sensitive itens will not
ordinarily be stored in the sane area with
classified material. However, when
instances require pilferable/sensitive and
classified itenms be stored together, the
entire storage area will be classified, and
controls applied, equivalent to the highest
security classification of any itemtherein

(3) Pilferable itens ordinarily wll
not be stored in warehouses where security
protection is |acking. G rcunstances,
however, nmay result in pilferable itens
requi ring general purpose storage
environnent (i.e., itens in |arge banded
contai ners for which secure storage space is
tenporarily not avail able). Wen this
situation presents itself, general purpose
storage environnent is pernmitted; however,
when such containers are open for partia
i ssues, the residual quantities will be
transferred to a specified secured area.

(4) Sensitive itenms classified as
"controlled substances” in the Drug Act of
1970 nust be stored in an approved vault or
safe with a three-tunbler conbi nati on unl ess
a U S. Departnent of Justice, Drug
Enf orcement Admi nistration (DEA) Regi ona
O fice has approved anot her type of secure
facility. Retrograde-controlled substances
must be approved for disposal by the DEA
Regi onal O fice before such di sposal actions
can be taken. Disposal actions nust be
observed and attested to by responsible
per sonnel

5-60. Storage of Small Arnms.

a. Small arnms will be stored apart from
other pilferable and sensitive itens for the
pur pose of nmintaining strict physica
security and linmiting access to specifically
aut hori zed personnel

b. When available facilities do not permt
geographi c separation of snmall arms into
separate buildings, then, storage is
permitted in buildings where other
pilferable or sensitive itens are stored.
When this occurs, small arms will be
separated fromthese itens by a | ocked
security cage, fencing, or other acceptable
nmeans.

c. Storage layouts for small arnms should
be designed to facilitate receipts, issues,
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inventory counts, and serial nunber
verifications.

d. To neet these requirenments, small arns
storage areas must be planned to acconmpdate
| arge, medium and small lots of material
Wi th m ni mrum r ewar ehousi ng.

e. Retrograde small arns awaiting
decont am nation, inspection, classification
or processing action prior to storage or
di sposition will be controlled, secured, and
gi ven surveillance to the sane degree as
provi ded issuable snmall arns.

f Small arns will be stored in vault-type
or highly secured storage areas in
accordance with DOD and nmilitary service/
agency directives addressed to this subject.

5-61. Recei vi ng (classified naterial
pilferabl e sensitive itens, snmall arns,
etc.).

a. Classified materi al

(1) Al duties involving handling or
access to unpacked or unpackaged cl assified
material and the applicable classified
docunents or correspondence pertaining
thereto, will be acconplished only by
properly cleared individuals. Al receipts
will be subjected to a 100 percent
verification of quantity.

(2) I'n cases where classified shipnents
are received with violations of security
requirenents, the installation security
officer will be notified imediately. The
shi pnent in question should not be |eft
unattended until properly docunented and
securely stored.

b. Pilferable/sensitive itenms (to include
control | ed substances).

(1) Receipts of pilferable or sensitive
items will be provided controls to assure
proper handling, recording, and storing.
Recei pt i nspection procedures for
pil ferable/sensitive itens will include
determ nation of any evidence of tanpering
and the material placed under control as
expeditiously as possible. If pilferage or
| oss (shortage) in shipments is suspected,

i medi at e coordi nation between the
transportation and security office will be
ef f ect ed.

(2) Whenever possible, the unl oadi ng
will be acconplished at the storage |ocation
site or, as deenmed necessary, an authorized
person fromthe receiving area wll
acconpany the material to the storage area
and obtain a warehousenman’s signature upon
rel ease.

(3) Where pilferable or sensitive
materi al noves to a storage area over a
nmechani cal handli ng system such as a power
and free conveyor or a towl i ne conveyor
system special |ocked (padl ocked)
containers will be used. This also applies
to material nmoving fromthe storage to
shi ppi ng area
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c. Small arms.
following will be applied:

(1) Al small arnms receipts will be
subjected to a 100 percent verification of
weapons and serial nunbers plus a quality
check of the operations. The operationa

checks will be performed in accordance with
the weapon’s techni cal manual
(2) Unloading of snall arms will be

acconpl i shed on a priority basis and

mat eri al placed under control as

expedi tiously as possible to reduce the
opportunities for |loss or pilferage. Wen
unl oadi ng procedures cannot be conpl eted
during operational hours, a separate,
secured area, vault, or cage, neeting the
structural and security standards of the
mlitary service/agency regulations will be
utilized as a tenporary hol di ng area.

(3) Whenever possible, the unloading wll
be acconplished at the storage | ocation
site, thereby elimnating additiona
novenent .

(4) Stringent inspection procedures wll
prevail throughout operations to determ ne
any evidence of tanpering.

(5) Tinmely and close coordination
bet ween transportation and security office
wi Il be acconplished in cases of suspected
pil ferage or loss (shortage) in shipnents of
smal | arnmns.

3-62. Inspection

a. Al inspection, identification, repair,
testing, packing, marking, checking, and
associ at ed physical operations required in
connection with classified, sensitive, and
pil ferable naterial (including snall arnms)
shoul d be perforned within the restricted
storage area whenever possible. Wen
gquantity or conplexity of processing
precludes this, a tenporary restricted area
shoul d be established, as required.

b. Di screpancies discovered during the
recei pt, issue, storage, inspection, and
shi ppi ng operations will be processed in
accordance wi th conponent regul ations.

3-63. Inventory.
Inventory of classified, pilferable, and
sensitive items will be in accordance with

Section | X

3-66. Introduction.

a. Inmproper loading is one of the nmjor
causes of |oss and damage during
transportation and the resulting delay in
use of material at destination. The purpose
of this part is to provide guidance in
proper | oading and thereby hel p prevent
di screpanci es during transportation. TM 38-
410/ DLAM 4145. 11/ NAVSUP  PUB 573/ AFR 69-

In addition to b above the

DODI 4140.35 and nmilitary service/ agency
directives addressed to this subject.

3-64. Shipping and Marki ng.

a. Shipments will be provided controls
necessary to assure proper handling.

b. Preferably, classified, sensitive, and
pilferable itens sel ected for shipnent
shoul d be packed by the consignor in the
bui |l di ng where the naterial is stored.

c. Whenever the above cannot be
acconpl i shed, stringent visual and/or escort
controls will be enforced during preshipnent
processi ng and naterial novenent.

d . Shiprments will be preserved, packed,
and marked to ninimze intransit exposure of
material to scrutiny, container rupture,
undetected entry, loss, danmage, illega
acts, and security conprom se

e. Markings will not reveal the nature of
the material except to the extent required
for conpliance with transportation
regul ati ons, or when the shi pper service has
determi ned that ready identification of
items being shipped is necessary (ref ML-
STD- 129).

f Loading will be acconplished as soon as
the cargo is brought to the carrier. Load
preassenbly outside of security areas should
not be practiced.

3-65. DOD Snall Arns Serialization Program
( SASP)

a. Criteria. Al DOD Conponents,
activities, and installations will be part
of a worldwi de small arm serial nunber
control system

b. Concept and procedures.

(1) The concept for the serial nunber
control of small arms is based on the use of
the DOD Central Registry that provides
i nvestigative agencies, within 72 hours, the
identification of the last accountable
activity having a specific serial num bered
small arm Investigative agencies wll
process all inquiries to the DOD Central
Regi stry.

(2) The procedures for serial nunber
control and reporting are found in DOD
4140. 22-M

Carrier Loading

9/ MCO 4450. 12, Storage and Handling of
Hazardous Materials, provides guidance in
the proper |oading of hazardous naterial s.

b. After determnation has been nmade to
move materials and supplies, the freight
traffic office should be advised so that the
proper node of



TM 38- 400/ NAVSUP PUB 572/ AFNAN 23-210 MCO 4450. 14/ DLAM 4145. 12

transportati on may be selected. This advice
shoul d i ncl ude, anobng ot her things,
informati on as to whether the shipnent.

(1) Is palletized or unpalletized.

(2) Consists of high center of gravity
itens, requiring special tiedown or bracing
nmet hods.

(3) Consists of itens having
centrated weights.

(4) Consists of fragile, high value, one-
of -a-kind, or critical itemns.

(5) Consists of itens subject to
contam nati on such as flour, sugar, or other
items.

(6) Consists of explosives or other
hazar dous comuodities and whet her they have
been properly marked and | abel ed.

(7) WIl be handled at origin or
destination or both by MHE. In addition to
t he above information, selection of the
proper node of transportation requires
consideration of conditions at origin and
destination, probability of transshipnment,
degree of security needed in novenent,
mlitery requirements, the cost of
transportation, the type of service
provi ded, etc.

c. Stowage of freight aboard vessels is
not usually encountered by warehousi ng
personnel and will not be discussed in this
section; likew se, LCL and LTL shipnents
will not be included since they are
general ly | oaded and unl oaded by the
carriers, except shipnents of expl osives and
anmuni ti on.

d. This section does not establish
organi zati onal alignnents or functions.

Al t hough certain warehousing and traffic
fuctions are described, it is not intended
to inply that those functions will be
performed by particul ar organi zati ona
elements within the services or shipping
activities.

heavy con

3-67. Ceneral

a. Types of commodities handled. The
shi pnent of nilitary supplies is possibly
the nost conplex traffic function in the
world. This is due, in part, to the w de
variety of comodities involved and their
di verse physical characteristics. The
comodi ti es shipped range fromsmall itemns
easily handl ed by one person to those which
are so bulky as to require the use of
mul tiple or idler cars, or exceed the size
or weight linitations of standard
transportation equi pnent and facilities, and
require the use of special routings or heavy
duty equi prent. Ot hers may be hazardous
(e.g., explosives, acids, poisonous gases,
etc.), and require caution in preparation
for transportation; perishable, and require
protective service fromheat or cold;
delicate, and require special handling; or
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incritical supply. Another factor I|eading
to this conplex situation is the
multiplicity of types of shipping containers
used.

b. Selection of type of railcar.

(1) I'n car |loading, the selection of the
proper car is of initial inportance. This
nmust he done with a viewto its fitness for
the particular cornnodity to be | oaded,
since properly | oaded shipnents are often
damaged by unfit equipnent. On the other
hand, freight, which in itself is not highly
suscepti bl e to damage, may cause damage to
equi pnent better suited for other classes of
freight.

(2) Rail freight cars are generally
classified as box, gondola, refrigerator
stock, hopper, tank, and flat. In this
general range, many cars are constructed to
transport specific conmodities. Many freight
cars are specially equipped wth bl ocking
and bracing appliances which form an
integral part of the car. Wile it is the
duty of the carrier to inspect cars
t horoughly before they are placed for
| oadi ng by shippers, it is to the shipper’s
interest to ensure that cars selected are in
all respects suitable for the kind of
freight to be shipped.

b. Selection of type of railcar

(1) Freight should be | oaded to withstand
the normal hazards of transportation
Shi ppers are required to | oad freight
carried at carload rates, unless otherw se
provided by tariff They are also required to
| oad heavy or bul ky freight which is carried
at LCL rates, but which cannot be handl ed by
regul ar station enployees or at stations
where carrier’'s facilities are not
sufficient for handling. In addition
shi ppers nmust observe carrier’s rules for
the safe | oading of freight and protection
of equi prent, and novabl e parts (nachinery)
must be secured. \When articles are | oaded on
open cars, snall detachable parts nust be
renmoved and pl aced in packages or secured
within the article. Shipnments of explosives
and amunition will be | oaded in accordance
with service regulations and publications.

(2) In addition to selecting the proper
type of car, the follow ng precautions
shoul d be taken agai nst the use of defective
or uncl ean cars:

(a) Exanmine the interior of the car for
any defects of roof, sides, or floor that
m ght cause snagging, tearing, scarring, or
rupture of container, or pernmt the entry of
rain, dirt, or other matter likely to damage
the freight.

(b) Renove protruding nails and ot her
obstructions not part of the car.

(c) Reject cars that cannot be suitably
condi tioned w t hout nechani cal or other
ext ensive repairs.
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3-48. Loading Rules for Rail Carriers.

a. Conformance with | oading rules.
Per sonnel engaged in or responsible for
| oadi ng, bl ocking, and bracing freight should
have available for use and be faniliar with
the rules for the proper |oading and securing
of shipnments, as outlined in the publications
referred to in b below and in applicable
servi ce/ agency publications. By conplying with
t he applicable rules, procedures, and nethods,
the shipper has acconplished the first step
in assuring safe and econonical carl oading.

(1) Mandatory requirenents. Rule 27 of
the UniformFreight Cassification requires
shi ppers to observe carriers’ rules
regul ating the safe loading of freight and
the protection of equipnment. Mandatory rul es
are contained in the Association of American
Railroad’s (AAR s) Circul ar Nunber 42- E
"CGeneral Rules Covering Loading of Carload
Shi prents of Conmodities in C osed Cars," and
all AAR panphl ets covering the | oadi ng and
securing of shiprments on open too cars.

(2) M ninum standards. The vari ous
net hods and specifications contained in all
AAR car | oadi ng panphlets will be observed as
m ni mum requirements for the proper | oading,
bl ocki ng, and bracing of shipnents for
novenent by rail freight on or in open top and
cl osed cars.

(3) Loadi ng nmethods not specified. Wen
freight is to be | oaded on or in open top or
closed cars and no | oadi ng and securing
nmet hods are provided, it will be bl ocked and
braced according to the best nethod or
procedure that can be devised from AAR
panphl ets or other sources covering simlar
material (see also para 18, this sec).

b. Manual and Panphl ets (General Freight).
The foll owi ng manual and panphlets are
publ i shed by AAR The "Open Top Carl oadi ng
Manual " or suppl enents thereto may be obt ai ned
t hrough appropriate departnental publication
channel s fromthe Association of Anerican
Rai | roads, Mechanical Division, 50 F Street
NW Washi ngt on, DC 20001. The panphl ets may
al so be obtained fromthis address.

OPEN TOP CARLCADING MANUAL

Section

No. Subject

1. ........... General Rules Governing the Loading of Commod-
ities on Open Top Cars.

2. ............  Rules Governing the Loading of Steel Products, In-
cluding Pipe, on Open Top Cars

3. ........ Rules Governing the Loading of Road Grading,
Road Making, and Farm Equipment Machinery
on Open Top Cars.

4. ........ Rules Governing the Loading of Miscellaneous
Commodities, Including Machinery, on Open Top
Cars.

5....... Rul es CGoverni ng the Loadi ng of Forest
Products on Open Top Cars.

6....... Rul es Governing the Loadi ng of
Department of Defense Material on Open Top
Cars.

7....... Loadi ng of Commmodities on Open Top
Trailers and Containers to Be Handled in
Trail er-on-Flat-Car (TOFC) Service and
Cont ai ner-on-Fl at- Car (COFC) Service.

PAMPHLETS
Subj ect

1....... Loadi ng and Unl oadi ng of Motor
Vehi cl es Shipped Carload in Auto Loader Cars
and Protection of Equipnent.

2....... Loadi ng of Mdtor Vehicles Shipped
L.C.L. or Carload in Cosed Cars QG her Than
Aut o Loader Cars and Protection of Equipment.

3o Loadi ng of Commmodities in Bags in
Cl osed Cars and Protection of Equi prent.
4....... Loadi ng of Carl oad Shiprments of

Barrels, Druns, or Kegs in Closed Cars and
Protection of Equi prment.

5....... Loadi ng of Storage Batteries in
Cl osed Cars and Protection of Equipnent.
6....... Del et e.

T Del et e.

8....... Loadi ng Met hods for Pl ywood in C osed
Car and Protection of Equiprent.

9....... Rul i ngs Regul ati ng the Safe Loading

of Cable on Reels and Wre Compdities in

Cl osed Cars and Protection of Equi prent.
10....... Met hods for Battening Car Doors as
Protection Agai nst Damage by Wat her, C nders,
etc.

11....... Del et e.

12....... Met hods for Loading, Bracing and

Bl ocki ng Carl oad Shi pnents of Enpty Cylinders
with or without Caps in Cl osed Cars.

13....... Loadi ng of Products in Cans and

G ass.

14....... Rul es Regul ating the Safe Loadi ng of
Freight in Cars and Protection of Equipnent.
15....... Rul es Regul ating the Safe Loadi ng of

Carl oad Shipments of Furniture in Cosed Cars
and Protection of Equi pnent.

16....... Met hods for Loading and Stow ng of
Less- Carl oad Shipments of Furniture in O osed
Cars.

17....... Packaged Grain MI| Products and
Foodst uffs.
18....... Rul es Regul ating the Safe Loadi ng of

Comodities in Small Cylindrical Stee
Containers in Closed Cars and Protection of
Equi prent, Including M xed Loads of
Commodities in Large Druns and Boxes.
19....... Del et e.

20....... Met hods for Loading, Bracing and

Bl ocki ng Carl oad Shi pnents of Dressed Lunber
and MII Work in C osed Cars.

21....... Rul es Regul ating the Preparation and
Saf e Loadi ng of Machinery in C osed Cars and
Protection of Equipnent.

22. ... .. Met hods for Loading, Bracing, and
Bl ocking of Marble in Slabs "A" Franme Method
in Closed Cars.

23....... Metal Sheets or Plates, and O her
Steel Products in C osed Cars.
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OPEN TOP CARLOADI NG MANUAL ( Cont i nued)

Section
No. Subj ect

24. .. ... ... Del et e.

25......... Rul es Regul ating the Safe Loading
of Paper and Sinilar Commodities on Skids in
Cl osed Cars and Protection of Equi prent.
26......... Rul es Regul ating the Safe Loadi ng
of Gypsum Pl ast er-board, Wall board, Sheat hing,
Lath, and Plaster in Closed Cars and
Protecti on of Equi pnent.

27. . ... .. .. Met hods for Loadi ng, Bracing and
Bl ocki ng Carl oad Shi pnents of Enpty
Projectiles, Bonbs, and Cartridge Cases in
Cl osed Cars.

28. ... ... Del et e.

29......... Househol d Appliances in C osed
Cars.

30......... Rul es Regul ating the Safe Loadi ng

of Prepared Roofing Materials in Closed Cars
and Protection of Equi pnent.

31......... Del et e.
32, .. Del et e.
33, Del et e.
34......... Loadi ng and Unl oadi ng Tank Cars

Used for Transporting Non-Dangerous Liquids.
35, Del et e.

36......... Del et e.
37....... .. Del et e.
38......... Carl oad Shi pnents of Unsaturated

Roofing Felt and Pul p-board Paper in C osed
Cars.

39....... .. Met hods for Preparing and Loadi ng
of Newsprint.
40......... Met hods for Loading, Bracing, and

Bl ocki ng Carl oad Shipnents of Vitrified C ay
Sewer Pipe in Cosed Cars.
41......... Dictionary of Standard Terns for
Use in Describing Loadi ng and Braci ng Met hods
for Shipnents

of Commodities in Cosed Cars.
42. .. ... ... d ass, Rolled and Pl ate.
42-F. .. .. .. CGeneral Rul es Covering Loadi ng of
Carl oad Shi pnents of Commobdities in O osed
Cars.
43-A. ... ... Rul es Governi ng the Loading,
Bl ocki ng, and Bracing of Freight in O osed

Trail ers and Contai ners for TOFC/ COFC Servi ce

c. Panmphlets and Tariffs (Explosives).

The Bureau of Expl osives publishes the
foll owi ng panphlets and tariffs (or reissues
t hereof) which nmay be obtained fromthe
Associ ation of Anerican Railroads, Bureau of
Expl osi ves, 50 F Street, NW Washi ngton, DC
20001:
Panphl et Subj ect

6........ Il1lustrating Approved Methods for
Loadi ng and Bracing Carload and Less- Than-
Carl oad Shi pnents of Explosives and O her
Hazardous Materials. Illustrating Approved
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Met hods for Loading and Bracing of Carl oad
Shi pnents of MIlitary Ammuni cation and
Expl osi ves. Del ete.
Panphl et Subj ect

6C Illustrating Approved Methods for
Loadi ng and Bracing Trailer and Less-Than-
Trail er Shipments of Explosives and Ot her
Dangerous Articles Via Trailer-on-Flat Car
(TOFC) or Container-on-Flat-Car (COFC)
Service. Tariff No. Departnent of
Transportati on Regul ations for 19.
Transportation of Explosives and O her Dan.
gerous Articles by Land and Water in Rai

Frei ght Service and by Mtor Vehicles

(H ghway) and Water Including Specifications
for Shipping Containers.

d. Other Publications.

(1) Transportation of Hazardous Materials
by Motor, Rail, and Water, Anerican Trucking
Associ ations, |ncorporated, Agent Tariff No.
111C, or reissues thereof.

(2) Title 49, Code of Federa
Regul ations (CFR), parts 100 through 199.

(3) International Air Transport
Associ ati on, Dangerous Goods Regul ati ons.

3-69. Action. of Pressures on Cargo.

a. Types of pressure. The types of pressure
action on | oads shipped by rail are as
fol | ows:

(1) Lateral (or crossw se) pressure
occurs when roundi ng curves.

(2) Vertical pressure occurs because of
the action of the railcars hitting low joints
and crossings.

(3) Lengthwi se pressure occurs in
coupling, starting, stopping, swtching, and
in slack action.

b. The closed care. Considering the
pressures that materials are subjected to in
over the road travel by rail and considering
the boxcar as a big shipping contai ner on
wheel s, the bracing and bl ocki ng nedi unms in
the car should be essentially the sane as the
i nterior packaging of individual shipping
cont ai ners.

c. Vertical pressure.

(1) Absorption of wvertica
pressure. The vertical pressures or
vi brations, over and above t he overhead wei ght
of the | oad, are the nobst nunerous but are
smal |l in magnitude and are accumul ati ve.
General |y, the damagi ng action fromvertica
pressure is absorbed by the interior
cushi oning or bracing within the individual
package or contai ners.

(2) Commodities affected by vertica
pressures. Certain comvpdities are sensitive
to vertical pressures and nust receive
addi ti onal bracing or cushioning as well as a
sel ected nethod of |oading. For exanple, if
rolls of lineolumare |oaded flat, the
vertical pressure of vibrations will tend to
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flatten the rolls and bundl es of |ight netal
tubing or pipe will undergo a settling from
vi brations and may becone fl attened or
dented. However, if the linoleumis stood on
end and separation gates are used to divide
the load, and if the pipe or tubing is
stowed with a filler between layers to
absorb the pressures, there is little chance
of damage to the shipnment in transit unless
the car should be subjected to abnorma
shocks or inpacts.
d. Lateral pressures.

(1) Type of action. Lateral pressures
are stresses toward the sidewalls induced by
a car rounding a curve which tends to nove
the containers out of alignnent. Also,
| ateral pressures tend to crush the
containers on the off side of the car when
roundi ng a curve. Although these pressures
are of small magnitude, if the containers
are out of alignment, subsequent |engthw se
forces can cause damage because of uneven
distribution of pressure.

(2) Distribution of weights. To ensure
agai nst uneven distribution of weight in the
car, the | oad should be braced to prevent
cross car nmovenent of the | oad. Uneven
distribution to weight within the care nay
cause the side bearings to becone foul ed and
the car derailed, as the trucks bind and do
not roll around curved track. O great
i nportance is the side bracing of high
center of gravity itens; applicable bracing
must be applied to prevent tipping (fig 3-
12). For additional illustrations of bracing
for high center of gravity or top heavy
itenms, see AAR panmphlets 14 and 21.

Figure 3-12.  Side bracing of high center of gravity items.

(3) Doorway protection. Provide proper
doorway protection to assure that | oad does
not cause doors of car to bulge or break

14/ DLAM 4145. 12

open when roundi ng curves, and to facilitate
openi ng of doors and assure protection to

personnel opening doors (see figs 3-13
through 3-15).

— e ey

—_— 2°X4", 2°x 8"

OoR 4"x4" 7
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Figure 3-13. Docrway protection for rough freight only.

——— Y ——
_ -3 3 _
I"X4"OR 1"X &'
Figure 3-14. Flush doorway protection for cars with wooden
doorposts.
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OR USE ANCHOR PLATES
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Figure 3-15.  Use of steel straps for double door auto boxcar.

(4) Prevention of lateral novenent. To
provi de adequate protection against latera
nmovenment at all tinmes, the |oad nmust be
tight crossw se. Proper bl ocking and bracing
must be applied to prevent the |oad from
shifting or noving out of alignnment.

e. Lengthw se pressures. Most danage in
rigid braced | oads is prevented by | oading
containers tightly to prevent devel opnment of
slack within the | oad. Once slack begins to
develop within the | oad, repeated inpacts
may cause a void |arge enough to allow the
containers on the top layer to fall between
the load and the ends of the car. To protect
agai nst damage in rigid braced | oads,

containers will be |oaded tightly with the
strongest parts arranged to provi de support
| engt hwi se of the car. Al | oads (excluding

floating | oads) should be | oaded or braced
to mninize any possibility of novenent.
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3-70. Floating Loads. (Not permtted for
shi pments of expl osives, ammunition, and
ot her hazardous materials, nor permitted in
any boxcar equi pped with under-car or end-
of -car shock mitigating cushion devices.)

a. Types of floating |loads. There are two
types of floating loads: the full floating
| oad and the controlled floating | oad
commonly called the "Snubbing Method." Many
items present special |oading and bracing
probl enms because of the weight, size, shape,
or fragility; such itens of this type
brought about the devel opnent of the
floating |oad. For further information
concerning loading to withstand the vari ous
types of pressure, see AAR panphlets 14 and
21.

b. Controlled floating | oad.

(1) Description. When using the
controlled floating | oad, blocking is not
applied against the front or rear of the
unit or the units to be shipped. Cenerally,
the units that are to be shipped by this
net hod are itens that are skidded (i.e.
engi nes, machine tools, generators, or |arge
not ors); snubbing or braking devices are
appl i ed agai nst the side of the skids. Under
| engt hwi se i nmpact, the shift of the skidded
itemis controlled and the itemis held in
contact with the floor of the car. Thus, the
greater part of the shock forces are
di ssi pated through the friction and riding
of the skid structures. The itemis actually
i solated froml engthw se shock forces. There
are two commonly used snubbi ng devi ces-
antiskid plates and | ag screws. The anti skid
pl ate and nethod of application are shown in
A and B, figure 3-16. The lag screw and
met hod of application is showmn in C figure
3- 16.
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197 STEP
PLATE SECURED YO
BLOCKING MEMBLR.

N0 STEP- '}”T BACKUP ‘
CLEAT POSITIONED. /{
NN S

ANTI-SKID /‘
LaTe )
2

4TH STEP-APPLICATION
COMPLETED.

3RO STEP- FIRST OLEAT IN
POSITION AND SECOND CLEAT
NAILEO TO BANE.

€. Los serew mothod.

Figure 3-16. Snubbing machine.

(2) Application of snubbing devices.
In applying the | ag screw snubber, the |ag
screwis turned in, in a predrilled hole in
t he snubbing bl ock, until the screwtip is
flush with the inside faces. of the bl ock.
The snubbi ng bl ock and the backup cleat are
securely nailed and spiked to the floor
Measure the anpunt the |ag screw head
proj ects beyond the outside face of the
snubbi ng bl ock and with a wench turn the
lag screw into the side of the skid until 1/
2 inch penetration is obtained. The bite of
the screwtip into the side of the skid wll
serve as a retarder to control |engthw se
and upward nmovenent. The antiskid nmethod is
basically the same except that a plate is
inserted in lieu of a lag screw. The nethod
of arrangenment for placing either the
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antiskid plate or the lag screw snubbing
device is shown by figure 3-17. The maxi mum
di stance for locating the end snubbing
devices fromends of the skid should be
approximately 24 inches to 30 inches (fig 3-
17) .

The snubbi ng devi ces on each side of the
ski d should be equal in nunmber and | ocated
directly opposite. The nunmber of snubbing
devi ces to be enpl oyed on each side of skid
will vary with the weights of the desired
amount of restriction of novenent.
General ly, the nunber varies fromtwo to
five devices on each side of the skid. After
end devices are |located, the additiona

devi ces are spaced in between.

e =on
d \\- eIE
= =

NOTE: DISTANGE “D° NOT MORE THAN 30°. “S°REPRESENTS
SHUBSING DEVICES.

Figure 3-17. Location of snubbing devices.

(3) Application and use. The snubbi ng
devi ces should be used on machinery
(especially | egged-type), boats, and those
commodities that should be protected from
sudden or severe shock

(4) Several itens cleated together. The
use of the snubbed | oad is reconmended
wher ever practicable.

c. Floating load. The floating | oad
absorbs a great anount of shock pressure as
containers slide over the floor of the car
thus ridding with the "punch." The
materials may or may not be palletized.
However, the pallet |oads or containers are
secured in a unit by binding with steel
straps. Units may be placed in each end of
the car or as a single unit extending
through the doorway area. Space for floating
may be at each end wall and doorway, all in
the doorway, or with a single unit at the
end walls. There are variations of this |oad
which are terned "Restricted" floating
| oads. (For additional details, see AAR
panphl ets 14 and 21
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and section 2 of "Loading Rules for Open Top
Cars. ™)

3-71. M xed Loads.

a. Nature of problens. The variety of
di f ferent shapes, sizes, and weights of
articles and containers, so frequently
required to be | oaded together in one car
furni shes a greater problemthan solid | oads
of one type container or comodity. It is
paramount that the nunber of m xed cars be
held to a mininum Pl anning the shipnments to
obtain the maxi num of solid |loads will not
only result in | ess damage, but will prove
to be nore economical in bracing nateria
and loading tine required. (See AAR
panphlets 4, 13, and 18 for additiona
i nformation.)

b. Segregation of | oad.

(1) Scheduling for segregation. The same
type containers or articles in a mxed |oad
shoul d be | oaded together in the car; the
| oadi ng and bracing practices should be
followed as for solid | oads of these
i ndividual items. Mre efficient working
procedures are obtained when it is possible
to schedule flow of supplies to the |oading
platformin order to be segregated.

(2) Methods of segregation. The
foll owi ng nmet hods of segregation are
suggest ed by-

(a) Layer.

(b) Units lengthwi se of the car

(c) Units crosswi se of the car

(3) Segregation by layer. Wen
segregating or separating articles by
| ayers, the heavy articles should be in the
|l ower layers; the lighter and fragile itens
in the upper layers. For exanple, drunmns,
barrel s, heavy crates, or boxes in the floor
| ayers; bagged conmobdities, w rebound boxes,
and fiber-board boxes should be | oaded on
top of the heavy containers. If the lighter
containers or itens cannot be | oaded
directly on top of heavier containers,
separators or fillers will be placed between
the | ayers. These separators may be of wood
or fiberboard, depending on the anount of
protection or support required. Wen | oading
commodities in bags or fiberboard containers
or lightly constructed wood boxes on top of
barrels or drums, wood filler boards will be
used as separating nedi um when separating
bags | oaded on fi berboard containers, heavy
paper will suffice. Generally, separators
are not required between | ayers of the sane
type of wood boxes, w rebound boxes, and
fi berboard containers; however, smal
di nension containers will not be | oaded
directly on or agai nst unsupported panels or
cl eated panel containers or open crates
wi t hout adequate separating materi al

(4) Segregation by units. \When
separating containers by units |engthw se of
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the car, the reconmended | oading pattern for
the different containers as covered in the
AAR panphlets for solid | oads of the

contai ners should be followed (i.e.

fi berboard boxes in bonded bl ock patterns,
cylindrical -type containers by nesting or

of fsetting, and bagged conmodities by brick
wal | or bindi ng nethods).

c. Separation gates. Generally,
separation gates are required when
containers of different tppe and size are
| oaded side by side. Separation gates nmay be
of the floating type (not secured to the car
si dewal I s) when used between units of
contai ners having practically the sane
strength and rigidity. When separation gates
are used between a unit of heavy strong
contai ners on one side and a unit of l|ighter
and weaker containers on the other side, the
separation gate should be fastened in place
to prevent the heavier containers crushing
the lighter containers when subjected to
| oad pressures. Wen the | oad pressure
exerted in either direction nay cause
damage, the separation gate should be
anchored in both directions by the reverse
steel strap nethod. See AAR panphlet 14 for
detailed i nformati on concerning the
construction of separation gates. In
addition, AAR bulletin 527 of the General
Information Series contains information on
the construction of a reusable car brace for
securing part car loads. This brace is
adapt abl e for use when switching cars on the
station during the | oading of m xed
shi pnents. Certain types of special box cars
have built-in fixtures and equi pnent for
qui ck application of multiple-deck flooring,
adj ust abl e gates, bul kheads, etc. These cars
are particularly adaptable to the securenent
of delicate or fragile freight.

d. Blocking. Machinery and rough itens
such as castings, steel franes, pipes, and
bars shoul d be bl ocked | engt hwi se and
crosswi se in the car as reconmended for
these conmodities in the applicable AAR
panphl et s.

e. Separators. Separators will be used
when one side of the car contains itens or
contai ners that may be crushed because of
| ateral pressures caused by side shift of
heavi er articles. The separators will be
reinforced by blocking to car floors and
sidewai |l s. Where the containers | oaded
adj acent to each other need protection only
fromtearing, snagging, or chafing, it wll
be not be necessary to secure the separators
in a fixed position. The separators wll be
pl aced |l engthwi se in the car between the two
different type containers (i.e., when open
crates are | oaded adjacent to fiberboard
containers The fillers or separators serve
the sin-
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gl e purpose of preventing physical contact
bet ween two types of containers.

f Conpliance with general rules. The
wei ght distribution requirenents of the
general rules in AAR circular 42F will be
conplied with when | oading mxed |oads in
cars, using the separation or segregation
met hods or procedures.

3-72. Bagged Commodities in C osed Cars.
a. Types of damage. The types of damages

whi ch can occur to bagged products are-

(1) Contami nation.

(2) Snaggi ng of bags on car walls,
floors, and in doorway areas.

(3) Chafing.

(4) Mbisture danage

b. Contam nation and snhaggi ng.
Cont anmi nati on and snaggi ng can be prevented
by application of the principles nentioned
i n paragraph 3-67c(2).

c. Prevent chafing. Chafing against car
wal | can be controlled by | oadi ng the bagged
commodities away fromthe car wall in a
"pyram ded | ayer" buildup (fig 3-18A). Tight
| oadi ng and proper floor protection wll
prevent chafing in the |ower layers. Jamm ng
or wedgi ng of bags in the doorway area can
be prevented by installation of proper
doorway protection or by setting back the
load at least a half a bag |Iength from each
door post, continuing through the doorway
area interlocking the bags in a pyran ded
| ayer pattern or by the retaining paper
method (B and C, fig 3-18).
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END WALL

WITH STRONG
EINFORCED DUPLEX PAPER
EFORE STARTING L.OAD.

FINAL DESTINATION

IST STOP OFF

b, Arrangemant of paper tis [n decrway ares.

ENO UNIT COMPLETED

C. Papar unit tie tor step-off loads.

Figure 3-18. Methods to Reduce Chafing.

d. Control of noisture danage. Misture
damage to bags can be controlled by proper
protection fromthe el enents while | oading
the car. Bags should not be stacked on danp
platforns or danp car floors.

3-73. Palletized Loads in Closed Cars.
a. Econony of palletized cargo.
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(1) Introduction. Palletization is a
system whereby a |large nunber of snall
itens are grouped and unitized on a pallet
for handling by nechanical neans such as a
forklift truck. The efficiency gained by
reduci ng the nunber of handlings is shown
in the exanple of loading a freight car with
1,800 small boxes. For exanple, by grouping
the boxes on 36 pallets, each contain-
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ing 50 boxes, the ratio of transfers has
been reduced from 1,800 i ndivi dual box
handl i ngs to 36 nechani zed pal | et noves.

Al so, each time a package is handl ed, there
is the possibility of damage; therefore,
reduced handling results in | ess damage to
car go.

(2) Stable pallet loads. If the itens are
assenbl ed carelessly on a pallet, the pallet
will not protect the material during
handling or transit operations. If a pallet
unit becones disarranged, it is not nuch
better than individual |oading and requires
a |l arge anpbunt of nmanual handling to
reassenble in an orderly arrangenent.
Therefore, it is inportant that the
pal l etization of itenms be arranged carefully
and the individual itens be secured properly
into a strong conpact unit, capable of being
handl ed and shi pped safely.

NOTE

See section X, this chapter, for nore
detail on unit | oads.

b. Boxcar information.

(1) Ceneral. For guidance in planning
pall et units and | oadi ng, basic data on
boxcars is necessary. Wile the di nensions
listed in subparagraph (2) below are the
nmost common for standard boxcars, dinmensions
of sone ol der or special cars nay vary.

(2) Inside floor dinensions of boxcars.
Typi cal inside floor dinensions of boxcars
are as follows:

(a) 9 feet 2 inches wide by 40 feet 6
i nches | ong.

(b) 8 feet 6 inches wide by 40 feet 6
i nches | ong.

(c) 9 feet 4 inches wide by 40 feet 6
i nches | ong.

(d) 9 feet 6 inches wide by 50 feet 6
i nches | ong.

(3) Car door wi dths.

(a) Single door boxcars. The doors in
singl e door boxcars are from6 feet to 10
feet wide. Sonme of the newer cars have doors
with a 12-foot w dth.

(b) Doubl e door boxcars. The doors in
doubl e door boxcars vary from approxi mately
10 feet 6 inches to 16 feet 6 inches. The
average standard clear width opening is 15
feet.

(4) Refrigerator car information

(a) Inside floor dinmensions. The
i nside floor dinensions of a standard size
refrigerator car are 8 feet 2 3/4 inches in
width by 33 feet 2 3/4 inches in |ength.
Sone cars will vary fromthis standard.

(b) Car door widths. Car doors are 4
feet wi de although newer cars are being
built with 6-foot w de doors.

(5) Boxcar floors. Wen nmoving in and out
of cars with a | oaded forklift truck, this
heavy concentrated | oad in notion causes a
considerable strain on the car floors. In
order to avoid accident or injury, the car
floors nmust be protected. Circular 42F, rule
6(D), Operating-Transportation Division
AAR, Ceneral Rul es Covering Loadi ng of
Carl oad Shi pnents of Commobdities in O osed
Cars, requires, when lift trucks are used
for |oading and unl oadi ng, suitable steel
pl ates nust be placed in the car to prevent
damage to the floor (fig 3-19).
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Figure 3-19. Protection Using Steel Plates.

c. Loading on Pallet.

(1) Prevent pressure on |oad. \Wen the
pallet units are | oaded into a car, each
unit nust have a firmbearing contact
agai nst the adjacent unit. Pallet unit A
(fig 3-20) provides bearing contact al ong
the edges of the pallet only and not agai nst
the load. Cenerally, this is not recomended
for small container assenbled units as it is
difficult to prevent the unit noving on the
pal | et.
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(2) Broad Load bearing surface. 1In the
arrangenents, as shown by pallet units B and
Cin figure 3-20, a broad-faced bearing
contact is obtained between the vertica
faces of the units, when placed in a
carl oad. However, since this places the
containers in the direct line of the |oad
pressures occurring during transit, it is
necessary that the containers and the
assenbl ed pallet unit nmust be sufficiently
strong and carefully secured together on the
pal | et.
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EDGES OF PALLET
EXTEND BEYOND
THE UNIT LOAD,

UNIT FLUSH
WITH OUTSIDE
EDGES OF PALLET.

OVERHANG OF UNIT
BEYOND OUTSIDE EDGES
OF PALLET SHOULD
GENERALLY NOT EXCEED
2" ON EACH SIOE.

Figure 3-20. Prevention of chafing.

d. Loading factors.

(1) Tight loading. Pallets should be
pl aced tightly in both ends of the car
Generally, for practical purposes, it is
necessary to have sone side cl earance space
of approximately 1 to 2 inches between
pallets in order to maneuver the pallets
into place by the forklift truck. As shown
in section A
A, figure 3-23, the total crossw se slack
space be- tween pallets and sidewalls in the
car is relatively small (approx 6 in) and,
ordinarily, would not require any additiona
crossw se bracing.

(2) Side shifting. |In order to prevent
side shifting of load and with a possible
derail ment of car in transit, circular 42F
Operating-Transportation Division AAR rule
5(C) requires "In boxcars, |ading nmust be
secured to prevent tipping or noving towards
car sides where the vacant space across car
(figure 3-23, section BB) exceeds the
fol |l owi ng:

(a) Atotal of 18 inches between | ading
and car sides.

(b) Vacant cross car space of |ess than
18 inches as may be specified in panphlets
covering nethods for |oading, bracing, and
bl ocki ng carl oad shipnents of individua
comodities."”

=
[+

Jiapgua(

A -

—1

SECTION 8-B

SECTION A-A

Figure 3-21.  Floor supports.

(3) Doorway space. The |loading at the
doorway is finished off with proper bracing
to secure and hold the load in place during
transit. The doorway section of the load is
acritical area in which to work, as space
is needed to maneuver the forklift trucks or
ot her nechani cal equi pnent which m ght be
used (parts A and B, fig 3-24). For exanple,
the space C, indicated on part A figure 3-
24, at the doorway is braced securely by
nmeans of a wooden center gate D or stee
strap anchored gate E indicated on part B
figure 3-24. By this nethod, the bracing
can be renoved at destination and with this
wor k space in the doorway section, the car
can be unl oaded w thout difficulty.
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i
+

PART (A)

+

%

IN THIS EXAMPLE TWQ PALLET

UNITS ARE PLACED INTO DOOR-
WAY SECTION, AND MANEUVERED
OVER TIGHT AGAINST B END OF
LOAD. THE LEFT OVER SPACE C
IS TOO SMALL TQO WORK IN ANY
ADDITIONAL PALLETS.

€

W \O_O/

PART (8)

Figure 3-22.

(4) Filling the doorway. As shown in
the exanple in (3) above, it is desired to
completely fill the I engthw se space of the
car with pallet units; however, sone
practical difficulties arise. Wen the |ast
two pallets, shown by the shaded portion of
figure 3-25, are noved into place
invariably, there is sone slack space
(possibly 4 to 12 inches) at one or both
sides of these doorway pallets (fig 3-24).
When this occurs, it is necessary to squeeze
into this slack space some form of bracing
dunnage that will secure the load tightly in
place to prevent shifting and damage in
transit. Also, it should be considered that
inthis type of solid load, the pallet units
in the doorway will be squeezed tight during
transit, and, consequently, wll be
difficult to pull out of the |oad at the

~o=0"

Palletized logds.

desti nati on.

~NO=-07

This difficulty can cause

damage to the nerchandi se on these first few
doorway pallets when trying to "break into"

such a | oad. Therefore,
receivers prefer to brace the | oads as
expl ai ned in

(3) above leaving a space in the doorway

many shi ppers and

section of the car to facilitate handling

operations (part B

fig 3-24).

Figure 3-23. Crosswise slack.
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UNIFORM SUPPORT BETWEEN
RETANGULAR CONTAINERS

SOME STABILITY PROVIDED BY
OFFSETTING CYLINDRICAL CONTAINERS

d.

1 HO%

UNSTABLE SUPPORT BETWEEN
CYLINDRICAL CONTAINERS

b.

OFFSETTING CYLINDRICAL CONTAINERS
ALL EXCESS SPACE AT ONE SIDE

Figure 3-24. Doorway area.

3-74. Cylindrical Containers in Closed Cars.

a. Special problens of |oading.
(1) Description. Cylindrical containers
include steel barrels, druns, slack, and

tight coopered wooden barrels, kegs, pails,
and fiberboard druns. See AAR panphlet 4 for
nore detailed information on the | oading of
cylindrical containers.

(2) Shape affects stability. Cylindrical

contai ners have a circular contour and when
| oaded in a car, do not have conplete face
or surface contact or support between

whi ch creates an
Many containers in use

adj acent contai ners,
unst abl e condition

are constructed of |ightweight materials
that will flex, bend, or crush under
concentrated pressure. Therefore, it is

necessary to have at |east a two-point
contact between adjacent containers.

(3) Contrasted stability of square and
cylindrical shapes. The alignnent in
beari ng surfaces between contai ners having
square or rectangul ar shapes is shown in
part a, figure 3-26. Wth the units placed
as illustrated, the construction resenbles a
mul ti-stored house. This arrangenent
provi des conplete stability for such
containers. If cylindrical containers were
pl aced in straight lines, as shown in part
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b, figure 3-26, there would be no stability
bet ween the containers. This would be
simlar to trying to stack billiard balls
one on top of another as shown in part C,
figure 3-26.

(4) O fset loading. The nethod of
| oadi ng containers shown in part d, figure

3-26, is the preferred nmethod due to the
stability obtained by offsetting the

contai ners. This method provi des a two-poi nt
contact between containers and any force or
pressure brought to bear against a contai ner
is distributed to the adjacent containers.
O her advantages are that this nethod
retards rotation of containers and will
accomodat e crosswi se | oadi ng where druns
will not fill the voided space.

(5) Diagram It is necessary at times to
| oad a desired nunmber of containers in a car
as shown in part e, figure 3-26. However,
there is a disadvantage to this nmethod since
the containers tend to be forced into the
voi ded space at either side of the car. In
the pattern shown in part d, figure 3-26,
this open space is divided into three
smal | er spaces.

(6) Inmportance of tight |oading.

Emphasis will be placed on tight |oading.
The proper posi -
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tioning of cylindrical containers placed
tightly against others is a basic
requi renent. Tensioning of steel straps or
the application of wooden braces will not
produce a tight load if the containers are
not | oaded tightly during the process of
| oadi ng.

b. Loadi ng wooden barrels.

(1) Bilge protection. Bilge protection
is necessary in the | oading of wooden
barrel s and should be placed so that it wll
contact the barrel at the strongest point
which is 6 inches fromthe top and bottom
chi mes. The bung stave is the weakest stave
in the construction of the barrel. The

barrel should be positioned so that the bung
stave does not contact adjacent barrels or
the end walls or sidewalls of the car.

(2) Double decked load. Wen it is
necessary to doubl e deck the | oad, dunnage
of not less than 1-inch thickness nust be
pl aced | engthwi se on top of the bottom or
floor |ayer.

¢ Center bracing. Wen planning a | oad of
cylindrical containers decide upon a pattern
which will |eave the | east anmount of open
space in the doorway area; thus, the load in
each end of the car will have the sane
nunber of containers against the bracing,
preferably the | esser nunber.

[~——STRONGEST PART OF PAIL

WHEN LOAD IS DOUBLE DECKED, BRACING

SHOULD BE WIDE ENOUGH TO CONTACT TOP
OF PAIL IN LOWER LAYER AND BOTTOM OF
PAIL IN UPPER LAYER.

Figure 3-25. Placing of last two pallets.
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Figure 3-27. Bracing .r *Tvuble -or light gauge cylindrical containers.
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d. Druns with rolling hoops. When | oading
drunms with rolling hoops in a rigid, braced
| oad, the load nust be arranged so as to
prevent the hoops fromriding up on each
other and thus creating slack | engthw se on
the load. This nmethod is also effective for
preventing the | atches from coni ng open
when | oading drums w th detachabl e tops.

e. Pails and 5-gallon containers. Because
of the flexibility of |ight gauge pails and
the nethod of fastening the tops
(particularly of 5-gal containers of paint),
it is mandatory that the | oad be
sectionalized into a |l east four units.

Di vi sional gates will be fastened securely
to the sidewalls of the car (fig 3-27). The
bl ocki ng and bracing will be placed agai nst

the strongest part of the contai ner when
bl ocki ng and bracing pails, 5-gallon
contai ners, and fiber druns.

3-75. Machinery and Machi ne Tool s.

a. |Inportance of proper |oading.

(1) Dollar damage. Because of the high
dol I ar value of this equipnment, any danage
can involve a |arge | oss.

(2) Delay to production. Wen machinery
destined to a manufacturing point is
recei ved danaged, there is a resultant del ay
in production until replacenent parts can be
pr oduced.

(3) Difficulty of replacement. |If
possi ble, repairs can be effected or, if
this is not feasible, it may be necessary to
manufacture a unit or part as the danaged
itemmay be the only one of its type.

b. Inspection before preparation for
shi pnent. Prior to shipment (particularly if
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the machi nery has been in inactive storage)
a careful inspection will be nmade of the
itemor itens to be shipped. The itens
shoul d be exam ned to determine if there are
any damaged or mssing parts that woul d make
the machi ne i noperative or hazardous for
shipment. O special inportance is the
securing of interior bracing of novable
parts such as tail stocks, counter-bal ancing
wei ghts, and swing turrets.

c. Blocking and bracing requirenents. DOD
machinery or |like itens noving on open top
equi prent will be bl ocked and braced in
accordance with the mandatory m ni mum
requi renents of AAR section 6, of the Rules
Governi ng the Loadi ng of Commodities on Open
Top Cars. Wien | oaded in closed cars,
general rules in circular 42-F will be
foll owed. Reconmended | oadi ng net hods for
bl ocki ng and bracing of machinery and allied
or like items in closed cars are covered by
AAR panphl et 21.

3-76. Trailer-on-Flatcar
on-Fl atcar (COFC) Load.

a. TOFC shipnents usually require a ranp
to allow the chassis to be driven onto the
flatcar. Two types of equi pnent are used for
TOFC | oads: Inproved strength senmitrailers
(pi ggyback trailers), or 1SO containers
mounted on a chassis.

b. Containers (including |SO containers)
not nmounted on a chassis are often shipped
on flatcars (COFC). Specialized equipnment is
available to lift these contai ners and
position onto a flatcar. Several exanples of
handl i ng equi pnment for such containers are
shown in figures 3-28 through 3-30.

(TOFC) / Cont ai ner -
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Figure 3-28. Frontloader forklift truck equipped with toplift attachment.
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Trailers are also designed for uniform
load distribution, as shown by the above
sketches. The fundamentasl difference
between loading trailers and trucks is:
in the case of trucks, the average design
provides for about 90% of the payload on

TM 38-400/NAVSUP PUB 572/AFMAN 23-210 MCO 4450.14/DLAM 4145.12

Jf\£ © %  ©

14%

1
3% 43%

the rear tires and 10% on the fron: tires.

In the case of trailers, the paylosd should
be distributed aqually betwean the rear Cires
and the fifth vheel which transfers its load
to the truck-tractor.

WRONG

With a part load or with a very heavy load
having little bulk, it is common practice to
put i¢ st the front end of the trailer to get
traction on truck-tractor rear tires. This
overloads the truck tires and shortens their
milesge life, to say nothing of bending the

RIGHT

truck resr axle housing. Application of
trailer br, may lock whaels, cause tire
flac spots, or skidding, or both.

The load should be distributad over the full
length of the trailer floor or platEorm.

These examples are obviously wrong. In
the case of the first trailer, che heavy
losd at the rear is overloading the rear
trailer tires. There is practically no
load on the fifth wheel, and the trucke
tractor rear tires would certainly slip
and wear away rubber. Braking distribu-
tion would also be very uneven.

Tail gate loading, of course, should
never be practiced, even in the intsrest
of speed, as it puts s severe strain on
the ejuipment, and frequently results in
serious accidents.

See obove for the correct methed of loading.

Figure 3-29.  Sideloader truck equipped with toplift attachment.
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WRONG RIGHT
Auryhcvylodnﬂu-ﬂhh&‘“ This losding has equal loads ou rear tires
e sids. This overloads ane spring md the and slixinates wisting of the fram, whioh
tires st that side, This loading oould be mm-ﬂnnd:nu-‘-nw{r—
unwummbnh.uuanm breckets. Uniform loading croseriss pmwvemis
wheels at the light side and causs flat spots axle housing and wheel bearing overloading, too.

an the tires, or & skid ca & wet surfsoe.

This above exomple applies re trucks ond trailers olike.

©

WRONG RIGHT
This loading should never be permitted. Again, the proper place for & com~
The frame bends, the rear tires are very centrated losd like this ta just ahead
mich overlosded, and enough weight 18 of the rear axls, with the longest side
taken from the froat tires to asks steering on the floor,

almost impossidle.

/1 fam)

WRONG RIGHT
This type of loading results from the use A trector-trailer combinatioca ie the
of the wrong wvehicls for the job. Such proper wvehicla for use in servics like this,
losding can result, on rough rosds, in an By using the proper vehicls, damage to the
sctual pivoting of the truck an its rear truck and tires, and even serious accidents,
wheel, s1d taking the froat whesls sctirely may be avoided.

off the road.

Figure 3-30. Mobile crane equipped with toplift attachment.
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3-77. Truck/Trailer Loadi ng-Preparation for

Loadi ng.

Need for good equi pnment. Cenerally, a
carrier has several types of vehicles, one
of which may be suitable or nore adaptable
to the commodity to be shipped. It is the
joint responsibility of the shipper and the
carrier to make every effort to assure
safety in transit as well as safe arrival at
desti nati on.

3-78. Loadi ng.

a. Inportance of proper |oading. The
delivery of truck and trailer shipnents in
good condition depends, to a |large extent,
on the manner in which the vehicle was
| oaded and on the care that was taken in
preparing the vehicle for |oading. Personne
responsi bl e for |oading, blocking, and
braci ng frei ght should have avail able for
use and be famliar with the rules for the
proper |oading and servicing of shipnents.
Shi pnents of expl osives and ammunition wll
be | oaded in accordance wth approved
procedural publications/draw ngs issued by
the mlitary services

b. Tight loading. The nbst inportant
single factor contributing to the prevention
of damage in truck and trailer loading is
that of tight Ioading, which cannot be
over enphasi zed. Rarely does the material to
be shipped fit a closed truck, van, or
trailer without side slack or end sl ack,
particularly when the front end is rounded
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or curved. In nost instances, slack may be
taken up with bul kheads or dunnage.

c. Difficulty of tie down. The
construction of present day closed trucks,
vans, and trailers does not facilitate tight
| oadi ng, bl ocking, or bracing. Most
commerci al -cl osed trucks, vans, and trailer
bodi es are nade of al um num pl ywood, or
other thin nmetal shells designed to protect
the materials fromweather in transit.
Odinarily, provision is not made for the
essential requirenents of bl ocking, bracing,
or tiedown. The safe bracing of high center
of gravity itens in closed trucks, vans, and
trailers presents a problemcalling for good
judgrent, ingenuity, and sound wor kmanshi p
to assure safe arrival of these itens at
destinations.

d. Variation in vehicles. Physica
di mensi ons, capacities, weight linitations,
and | oad distribution of trucks and trailers
vary greatly. These variations preclude the
covering of all types of |oads. Accordingly,
the nethods or procedures described nust be
considered typical and will be adapted to
i ndi vi dual |oads of various comodities, as
required.

3-79. Bal anced Load.

Equal distribution of load is just as
inportant in truckloading as in carloading.
The inportance of weight distribution is
shown in figures 3-31 and 3-32.
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4X4
2x8
ON EDGE

4X4
2x4

2x%x12

2X12 ON EDG

Figure 3-31. Approximate distribution of total weight-vehicle plus payload.

N

Figure 3-32. Examples of right and wrong truck loading.

3-80. Load Movenents.
a. Causes of | oad novenent.

(1) Forward novenent. The forward
novenent of |oads, if not braced properly,
will be caused by-

(a) Braking of vehicle on steep
descents.

(b) Sudden stops to avoid hitting
pedestrians or vehicles.

(2) Rearward novenent. The rearward
novenent of |oads if not braced properly,
will be caused by-

(a) Ascension of steep hills.

(b) Load rebounds after the sudden
application of brakes.

(c) Sudden increase of speed in order to
avoid an acci dent.

(3) Lateral novenent. The latera
nmovenent of |oads, if not braced properly,
will be caused by-

(a) Roundi ng corners on sharp curves.
(b) Traveling on high crowned or banked
roads.
(c) Swerving to avoid accidents.
b. Prevention of |oad novenent.

(1) General. Al of the novenments of
| oads may occur when vehicles are traveling
on rough or unpaved road or when traveling
over snow and ice. However, practically al
| oad nmovenent can be prevented or elinnated
by proper bl ocking and
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bracing. Al loads will be balanced in the
vehi cl e | engt hwi se and crossw se before the
vehicle is released. Precautions will be

taken to prevent vertical nmovenment because

of sudden stops or travel over rough

terrain, as vertical novenent can cause

t he breakdown of good bl ocki ng and braci ng

practices. If the load is not tight or is

out of alignnent, the unbal anced | oadi ng

wi Il cause unequal pressures. The use of

bul kheads, separation gates, dividers

(l'engt hwi se and crossw se), |ayer

separations, runners, blocks, cleats, and

strapping properly fabricated and appli ed,

will elimnate or prevent all |oad novenent.
(2) Forward novenent. Forward novenent

can be prevented by shoring firmy against

the front or nose bul khead, The front

bul khead serves to square the load and to

distribute | oad pressures over the fronta

area of the vehicle rather than just at

poi nts of. contact, Wwen a vehicle,

furni shed by the notor carriers, has a

rounded or streamined front end or an end

other than square and the material to be

| oaded is a critical item a delicate or

fragile item or an itemthat requires

speci al protection and straight alignnment to

assure safe arrival at destinations, front

bul kheads of a type and size conpatible with

the weight and type of commodity to be

shi pped may be used. A typical nose or front

bul khead is shown by figure 3-33. Front

bul khead detail and installation is shown by

figures 3-34 and 3-35). The use of front

bul kheads is not necessary in square nose

trailers or vans unless the nose of the

trailer or van has been bul ged by forward

| oad nmovenent in previous shipnents. If such

a condition exists and the material to be

shipped falls in the category previously

outlined, the front bul khead shoul d be used.
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Fruwre 3-i34. Front bulkhead—positioned in trailer, detail of
bulkhead.
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Figure 3-35. Front bulkhead—positioned in trailer, detail of
bulkhead.

(3) Rearward novenents. Rearward
i novenents can be prevented by use of a rear
bul khead or gate. The rear bul khead or gate
must be braced, either wth diagona
supports back to the doorposts of the
vehicle or by secured risers against the
doorposts and the bul khead or gate. Backup
bl ocks nust be driven into place and nail ed
to the risers and gate to elimnate slack
(fig 3-36 (A and B) and figs 3-37 and 3-38).
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Figure 3-36. Rear gate
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Figure 3-37.  Rear gate positioned in truck.
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! Bear gute vermiend, T 26 3, 3 -
P ERSTED . P ST RSN
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Figure 3-38.  Rear gatv und dunnage.
(4) Lateral novenment. Lateral novenent strapping, and by the use of rigid blocking

can be elimnated by the use of space and braci ng devi ces.

fillers, longitudinal separators, stee
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3-81. Types of Loading.

a. \Wheel ed containers. Cosed trucks and
trailers should be considered as |arge
cont ai ners on wheels; as such, the interior
braci ng or bl ocking of the vehicle should
conformas nearly as possible to the packing
of individual containers. Through the use of
filler material, bracing, bl ocking,
separation gates, and | ayer separators, it
is possible to adapt the wide variety of
itens to the dinensions of the vehicle.
Interior blocking and bracing provides
cushioning and interior packaging to the
material in this wheeled container and al so
protects the vehicle. Cargo containers of
| SO Anerican National Standards Institute

-

Figure 3-39. Pro;oo

¢ Unit loads There are many types of
| oads suitable for truck loading (i.e., the
bonded bl ock | oad for materials shipped in
fi berboard containers); brick wall nethod;
key sack nethod; paper retaining nethod; and

-
A eATRY 4
<

» -
¢ 7 MEENENTT

standards | oaded with general comuodities
wi |l al so use conventional bl ocking and
braci ng net hods.

b. Adoptability of vehicles. The truck
and trailer is adaptable to the many and
various types of | oads required to nove the
varied types of cornnodities such as heavy
or light itens, fragile, bulky, conmpact,
dense and rough, and high center of gravity
itens. In order to accomodate this variety
of itens, the shipper nust plan the |oad,
properly prepare the truck, and bl ock and
brace accordingiy. One nethod of preparing a
truck for shipnment of cylindrical itens is
shown by figure 3-39

“

RO «“‘s.i
\ s
e e

»

| engt hwi se crosswi se nmet hods for | oading
bagged materials. However, the key sack
met hod of loading is restricted to cloth
bags and is not recomended for nultiwal
paper sacks.
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Paper retaining nmethod of

used for ful

A fig 3-40).
d. Stepdown |load. |In the stepdown-type

| oad, the bulk of the weight is on the axles

and is stepped down to the center of the

vehi cl e. The stepping down of the load is

| oadi ng can be
truckl oad or stopoff |oad (see

achi eved by use of a riser; the height of

the riser nmust be half the height of the
unit or container being braced. The item or
container may be utilized as a riser
however, in nost instances, the riser should
be fabricated from | unber or other suitable
material (see B, fig 3-40).

RISER 2 LUMON
(HALF HEIGHT OF

UNIT CONTAINER)

5. Stepped down

Figure 3-40. Loading
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e. Palletized | oads.

(1) Advantages. The advantage of a
palletized load is that a quantity of snal
packs or units can be consolidated into a
few | arge packs; thereby, reducing the
nunber of handlings. For exanple, 300
containers of a given item can be
consolidated into 10 pallet |oads, thus,
reduci ng the nunber of handlings by nore
than 96 percent. Consequently, the nunber of
handl i ngs involved in | oadi ng and unl oadi ng
may be reduced from 300 to 10. Accordingly,
pal l etization of materials for shipment
woul d be beneficial to the shipper and the

1. Front bulkhead, figure 2.

2. Sleeper, 2.2 x 4", nailed togather.
3. Athwortships stropping 3 %0.015 —
)

carrier. Explosives and anmunition will
be palletized in accordance with approved
procedural publications/draw ngs issued by
the mlitary services

(2) Forming pallet |oads. Palletized
load may forma full uniformload, a tiered
| oad, a staggered |oad, or a strapped | oad.
The | oad shoul d be bal anced, wei ght should
be evenly distributed, and bl ocking and
braci ng should be kept to a minimum A
staggered |l oad of palletized itens is
illustrated by figure 3-41. The pallets are
staggered to obtain a conpact bal anced | oad.
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must be double crimped.
6. Pollets, Standard Navy, 407 x 48"
7. Rear gate, similar to figure 3

Figure 3-41. Staggered palletized loading.

(3) Pallet size for maxi mumutilization
Pal | ets nust be suitable for handling by al
medi a of transportation for maxi mum
utilization. the general service pallet, 40
by 48 inches, neets these requirenents.

f Strapped pallet |loads. GCenerally,
pal |l et |oads are strapped fore and aft and
are secured on all sides. Blocking and
bracing is kept to a mninmum as the wei ght
of the | oad conmbined with floor bl ocking of
the bottomtier prevents the load from
shifting in transit.

g. Flatbed truck and trailer loading. The
basi ¢ principles of weight distribution

tight |oading, and prevention of |oad
nmoverrent all apply to the | oading of open
top vehicles. Materials | oaded on an open
top vehicle will be secured to the vehicle
to prevent any possibility of the |oad
shifting or falling off the vehicle,
shifting and contacting other traffic,
foul i ng under passes, culverts, bridge
abutments, and creating a hazard to
pedestri ans. Wen the trucks and trailer,
ei ther open or closed, are mlitary

equi prent, it will be the responsibil-

ity of the driver to assure that the vehicle
is prop-
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3-82. Freight Loss and Danmge.

a. Adherence to methods and techni ques to
prevent | oss and danage. Adherence to
prescri bed | oadi ng and securing net hods and
techniques will help reduce | oss and damage
to shipments in transit to a m ni mum

b. Visible loss or damage. Visible |oss
or danmmge existing at tinme of receipt of a
shi pnent shoul d be properly recorded by the
recei ving personnel in accordance with the
procedures of the appropriate mlitary
departnment.

c. Conceal ed | oss or danage. A conplete
report of circunstances, including the tine
darmage to or | oss of shipment was observed,
shoul d pronptly be made to the appropriate
local military freight traffic personne
responsible for initiating a Transportation
Di screpancy Report (TDR), when-

(1) Danmge to or shortage in a shipnent
was not observed at time of receipt fromthe
commercial carrier (concealed | oss or
damage) .

(2) Danmge or shortage is discovered
whi |l e being stored, processed, or reshipped
from storage

(3) It can be shown that the | oss or
damage did not occur after the material |eft
the custody of the carrier

(4) It is indicated that the | oss or
damage occurred during shipment.

3-83. Instructions for Securing Materials
Transported by DOD Omed- Mot or Vehi cl es.

a. General. Every truck, senmitrailer
full trailer, and pole trailer used for
transporting cargo over public streets and
hi ghways wi Il be equi pped w th bul khead,
ti edowns, sideboards, and bl ocking as
herei nafter specified. Combinations
consisting of a truck trailer and a pole
trailer shall have the option of providing a
bul khead mounted either on the front of the
pole trailer or behind the driver’s
conmpartnent of the tractor. Wen the
bul khead required is nmounted on the tractor,
the lading on the pole trailer will be
securely fastened with tiedowns neeting the
requirenents listed herein

b. Bul khead requirenents.

(1) Height and wi dth. Bul kheads wi Il be
of such heights as to block the forward
nmoti on of any piece of |ading on the
vehicle, or alternately, as high as the
driver’s conmpartnent of the vehicle or
conbi nati on. Bul kheads wi Il be of such w dth
as to block the forward noti on of any piece
of lading of the vehicle or alternately, as
wi de as the wi dest portion of the vehicle.
(2) Strength. The bul khead will be strong
enough to withstand a horizontal forward
force equal to one-half the static weight of
the cargo carried. This would be when such
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force is distributed over that part of the
bul khead extending fromthe vehicle floor
upward to a height sufficient to stop the
forward novenent of any piece of |ading
carried on the vehicle. It could also be to
the height of the driver’s conpartment or a
conbi nati on, whichever is the | esser height.

(3) Penetration resistance. Bul kheads
will be so designed, constructed, and
mai ntai ned so as to resist penetration by
any piece of lading carried on the vehicle
when such vehicle is subjected to the
maxi mum decel eration of its service brakes.
Bul kheads wi Il not have openings | arge
enough to pass the snallest piece of |ading
carried on the vehicle.

c. Blocking and bracing requirenents.

(1) Cargoes subject to forward shifting.
On vehi cl es carrying cargoes whi ch cannot be
pl aced firnmly against the forward bul khead,
sui tabl e bl ocking and bracing or tiedowns
will be provided in addition to the bul khead
specified in b above to prevent the forward
shifting of such cargoes when the vehicle is
subj ected to the maxi mum decel eration of its
servi ce brakes.

(2) Cargo subject to side shifting in
transit.

Vehi cl es carrying cargoes of such nature as
to be subject to side shifting in transit,
even when equi pped with sideboards or
stakes, as required in e below, will have
such cargo securely bl ocked or braced to the
sides of the vehicle.

d. Tiedown requirenents. Every cargo-
carrying vehicle will be equipped with
ei ther sideboards or tiedown devices
designed to prevent the falling, shifting
forward, or backward notion of any | ading
being carried. Tiedown devices will be as
fol | ows:

(1) If the vehicle is without sideboards
or sides, it shall be equipped with a
m ni num of two tiedown devices on | oad
| engths of 21 feet or |less. For |oads over
21 feet, a mininumof three tiedown devices
will be used and an additional tiedown
device for each 10 feet of load | ength over
30 feet. If necessary, additional tiedown
devices will be provided to secure each
pi ece of lading being transported, either hy
direct contact with the tiedown devices or
by use of dunnage contacting sufficient
i ndi vi dual pieces of the |ading and the
dunnage then secured by the tiedown.

(2) Each tiedown device will be equipped
with a | oad binder, Federal specification
GGG 825, Binder, |oad. The binder chain wll
be attached to the tiedown bar or to such
ot her tiedown devices provided by the truck
manuf act urer. \Wen vehicles are not equi pped
with tiedown devices, the



A war ehouse crane truck is a power-driven, self-propelled
unit consisting of a boom nounted on a nobil e whee
chassis. The boom can be operated i ndependently so

that sluing and topping can be acconplished wi t hout
noverment of the chassis. Power is supplied by a gaso-
line engine or by electric notors. Gasoline-powered
crane trucks are equi pped with pneumatic tires for

out door operation and range in capacity of 6,000 or

10, 000 pounds. The warehouse crane truck is used to
l[ift, swing, and |lower |oads that are too heavy or bul ky
or otherw se unsuitable for handling by other types of
MHE. It may be used for |oading and unl oading fl atcars,
flatbed trailers, or gondolas. The warehouse crane truck
is some-



tons; and a tractor with a drawbar pull of 7,500 pounds,
may have a towi ng capacity of 200 tons. |Its value to
storage and warehousi ng, however, lies in the fact that
the tractor-trailer provides for the conpletely mechani zed
| oadi ng, transporting, stacking, and warehousing of sup-
plies. The follow ng types and sizes of warehouse trac-
tors have been adopted as standard for the mlitary ser-
vices. These trators are, in nost cases, the lowprofile
industrial type. The 7,500-pound drawbar pull tractor

may, however, be the agricultural type with high-flotation
pneumatic tires for operation in rough or unpaved storage
ar eas.

(1) Tractor, warehouse, gasoline, pneumatic tires,
4, 000- pound drawbar pull. Standard nmedi umduty tractor
for outdoor strage operations. It nmay be used in plant
yards, for hauling trailers or towi ng airplanes from
hangars to airfields. 1t may al so be used for genera
purpose towing or pulling at freight sheds, piers,
war ehouses, or other areas. It has sufficient weight,
hor sepower, and traction to operate on virtually al
types of running surfaces.
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bi nder chain will be of sufficient length to
pass over the cargo and underneath the
vehicle body or flat bed, stakes sides, or
pole trailers. The chain will be 3/8-inch
steel BBB Coil Chain in accordance with
Federal specification RR-C 271, Chains and
Attachnents, Wl ded, Wl dless and Roller
Chain. Binding chains will be adjusted as
tight as possible.

e. Stakes and sideboards. Vehicles
carrying cargo not secured in conpliance
with (1) above will be equi pped with sides,

si deboards, or stakes; a rear end gate; and
a header hoard. Stakes, sideboards, end
gate, and header board will be of a height

no less than the load carried, and w thout
an opening | arge enough to pass the snall est
article on the vehicle as | oaded.

f Long naterial. When cargo such as |ong

| engt hs of pipe, piling, telephone poles, or
simlar material is carried on pole trailers
and it is of such length that the cargo nust

be used for connecting the front and rear
bol sters, uprights, the height of the cargo
will be inserted in pockets on the right and
| eft side of each bolster. Such uprights
will be tied together above the |oad. Al so
the cargo will be bound together by a
bi ndi ng chain at the center of the |oad
length. Ared flag will be tied to the end
of the oversized nmaterial for safety
pur poses.

g. Vehicles exenpt fromtiedown
requi renents.
Vehi cl es transporting articles which because
of size, shape, or weight require specia
vehicles for their carriage or specia
met hods for their fastening, are exenpt from
ti edown requirenents stated herein. However,
| oads on such vehicles will be securely and

adequately fastened to prevent any forward,
backward, or sideward notion of the |oad
when the vehicle is subjected to the naxi mum
decel eration of its service brakes.

h. Acceptable I oads. DOD drivers will not
be permtted to nove a load if the load is
not secured in conpliance with these
i nstructions when such | oads are offered for
transportation over public streets and
hi ghways.

3-84. Use and Maintenance of Pneunatic
Dunnage

a. Use. Pneunmmatic dunnage is an airtight
bag with a valve or valves for inflating
and, in the case of reusable types, for
deflating. It is designed to occupy void
spaces in |oaded rail, highway, or nmarine
conveyances, including internodal
containers, to secure shipnents in transit.
Pneurati c dunnage is not for use in
aircraft. It may not be used to secure
expl osi ves or other hazardous articles
wi t hout prior approval of the Bureau of
Expl osives. Also, it cannot be used to
secure |l oads of nmilitary expl osives and
amuni ti on.

b. Types and sizes. Pneunatic dunnage is
available in two type-reusable (fig 3-42)
and di sposable (3-43). The nonenclature is
"Dunnage, Pneumatic, Cargo Shoring-Type
Di sposabl e and Type |l Reusable." Both are
covered by Federal Specification PPP-D 1427.
Units are avail abl e through nornmal supply
channel s fromthe Defense General Supply
Center, Richnond, VA Sizes of pneumatic
dunnage adopted by DOD as nost suitable for
general use are as follows:

| Inflated size | Defl ated size | Weight

I I | (approx) |
Type |............. | 36 in by 48 in | 36 in by 58 in | 12 | bs
(Di sposable)....... | 48 in by 48 in | 48 in by 58 in | 18 | bs

| 48 in by 71 in | 48 in by 82 in | 22 | bs

| 48 in by 96 in | 48 in by 106 in | 26 Ibs
Type I1............ | 48 in by 48 in | 57.5in by 57.5 in| 18-22 |bs|
(Di sposable)....... | 48 in by 72 in | 57.5in by 81.5 in| 26-29 |bs|

(1) Reusabl e pneunmatic dunnage can be
utilized for an indefinite nunber of
shipments. It is fabricated from high
tensile strength, finely woven, nylon fabric
treated with a rubber or rubber-1like
conmpound and vul cani zed as a single unit.
(Units equipped with a renovabl e bl adder are
also currently in the system This design
has been outdated by the specification

i sted above; however, these units should be
used until no longer serviceable.) The unit

has a hi gh-fl ow val ve assenbly which

consi sts of a threaded val ve body nol ded
into the dunnage unit. On sone nodels, the
inflation valve has a netal washer and
special nut to anchor the valve body to the
dunnage unit. On these nobdels, a valve stem
screws into the valve body and is secured by
a chain attached to the netal washer. Oher
manuf acturers use an "0" ring-type inflation
val ve which incorporates a valve cap and a
val ve insert which houses a check disc.
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Figure 3-42. Reusable pneumatic dunnage unit complete.
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Figure 3-43. Disposable pneumatic dunnage unit complete.

(2) Reusabl e pneumati ¢ dunnage units bear
a serial number. This affords opportunity
for control purposes. Units can nornally be
returned to the shipper wthout significant
expense or problem Wen used for dunnagi ng
rail shipnments, nost tariffs provide for the
free rail return of the units by the reverse
of the inbound routing. Were free return is
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not provided, tariffs will indicate the
charges invol ved. Where return cannot be
reasonabl y achi eved, disposabl e pneunatic
dunnage uni ts may of f er a cost advant age.

(3) Di sposabl e pneurmati ¢ dunnage. This
type of dunnage, which is designed for a
one-tine use, consists of an inner bag nade
of high-density air-
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tight polyethyl ene encased in |ayers of 100-
pound test extensible kraft paper. The outer
| ayer of kraft paper is coated with a

weat her -resi stant pol yet hyl ene coating. The
ends of the bag are seal ed by a procedure in
whi ch the pol yethyl ene i nner bag and al

| ayers of paper are wrapped around a 7/16

i nch wooden dowel . The inner bag and paper
are held in position on the dowel by a 1/2
inch thick tubular nmetal sleeve. An
inflating valve is heat-sealed into the

i nner bag. This valve is not designed for
rapi d deflation of the unit. At destination,
di sposabl e pneumati c dunnage is defl ated by
cutting or otherwi se puncturing the bag.

c. Dunnage. Performance and cost are two
princi pal considerations in dunnagi ng of
material in transportati on conveyances.
Regar dl ess of costs, the sel ected nethods
must do the job; however, there is usually
nmore than one nmethod that will achieve the
performance goal; hence, cost cones into
clear focus. Over nmany years of experience,
the application of fixed dunnage is wel
understood. This technique is explai ned
el sewhere in this part. So that a nethod may
be properly explored in determ ning the nost
preferabl e dunnage to install under a given
situation, the advantages and consi derations
in the use of pneumatic dunnage are |isted
bel ow

(1) Allows nore rapid installation and
renoval than conventional dunnage. Under
many applications, this nmethod is nore
econonmical in total than other dunnagi ng
nmet hods (see d bel ow).

(2) Provides a highly resilient |oad
restraini ng nethod.

(3) Provides relatively | ow pressure
bracing (2 to 5 PSI) for loads. (Inflation
pressure for pneumatic dunnage units in
truck trailers/containers nust not exceed
three-quarters PSI maxi mum)

(4) Is capable of tightening |loads in
whi ch conpact ness was not sufficiently
achi eved during | oadi ng; however, efficiency
of | oadi ng procedures should not be reduced
because of this corrective action of
pneunmati ¢ dunnage. (There is no substitute
for proper |oading, regardl ess of type of
dunnage material used.)

(5) Is capable of repositioning cargo
| oads shifted by sudden inpact and al so will
expand to take up sl ack devel oped through
normal load jostling in transit. Wen a | oad
does shift on sudden inpact, the dunnage
unit cushions the | oad, whereas fixed
braci ng does not. This cushioning action is
advant ageous for even slight inpacts.

(6) Is capable of retaining adequate
cushi oning air pressure during |ong-distance
shi pnents up to 30 days.

(7) I'n not seriously affected by changes
in tenperatures and altitude encountered
during surface transport (pneunatic dunnage
is not for use in aircraft).

d. Conparative dunnagi ng costs.

(1) Use of pneumatic dunnage can result
in substantial savings in certain
applications when used in |lieu of
conventional -type dunnage. To effectively
assess the possibilities of savings by use
of this nmethod as conpared to fixed dunnage
in a particular situation, it is necessary
to consider the follow ng:

(a) Man-hours required for the dunnage
operations as well as hourly rates for
wor kers (skilled car bl ockers are not
required for pneumatic dunnage).

(b) Cost of conventional dunnage
materi al as opposed to the cost of reusable
pneumati ¢ dur nage. In the case of
reusabl e pneumati ¢ dunnage, usage cost is
obtained by dividing the original cost of
the unit by the nunmber of trips expected
fromthe unit (this could range up to 100 or
nore trips).

(c) Mscellaneous costs to include any
cost of the return or reusable pneunatic
dunnage as well as administrative costs to
control accountability. Mintenance of the
reusabl e units is considered negligible.

(d) Sal vage val ue of conventiona
dunnage

(e) Dunnage renoval costs.

(f) The choi ce between use of
di sposabl e or reusabl e pneumatic dunnage.
Wiere the return of dunnage units can he
reasonably assured, the reusable types are
generally the nore economcal to use. The
choice to be nmade is not solely a judgnent
as to whether pneunmatic dunnage is nore
economi cal to use than the nore conventiona
met hod. A further determnination nust
establish which type and size of pneunatic
dunnage offers the greater cost advantage.

(g) A loading pattern which results in
the very mninmumvoid space so as to
elimnate the use of any dunnage is the nost
econoni cal procedure. Wen applied to
speci fi c dunnagi ng probl ens enpl oyi ng
various nethods for staying a |oad, the
savings to be realized through application
of pneumatic dunnage are in direct relation
to the type and extent of conventiona
dunnage whi ch woul d otherwi se be utilized.

e. Accessories. In addition to a source
of conpressed air, an inflation kit (fig 3-
44) is required for the use of pneumatic
dunnage (reusabl e or disposable). This kit
consists of an air pressure gauge 0-15
pounds with 1 pound graduati ons and an
inflator gun (air chuck) with a 1/4-inch
i nsi de pi pe
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thread. The gauge and gun are each fitted
with a special rubber tip that seats into
the val ve. On occasions where inflation
pressures nust be nore finely controlled

7 iNFLATOR Swn
& . .
e

(such as use in truck trailers or when
dunnage is securing fragile or critica
itens) an inflation gauge with 1/4-pound
graduati ons shoul d be used.

Figure 344, Preumatic dunnage inflation kit.

f. Placenent.

(1) Consideration of the characteristics
of pneumatic dunnage is required prior to
use. Pneumatic dunnage units secure | oad
contents by exerting pressure against the
cargo surfaces facing the void; therefore,
it is necessary that the profile and
physi cal makeup of the surfaces be capable
of accepting the pressures invol ved.
Packaged or unpackaged itens of a very
irregular contour or with sharp or pointed
edges nmay pose a problemin use or may cause
damage to the pneumatic units. Rough
surfaces can al so cause abrasion and wear.
Cargo nust afford a rather solid, even
surface for pneumati ¢ dunnage contact. The
use of buffer boards (plywood, fiberboard,
or lunber) to spread pressures over a
greater area may be desirable in sone cases
to ensure optinumresults in use of
pneumati ¢ dunnage. Since cargo is | oaded
fromthe ends of a railcar to the center,
voi d space results at the door area in the
center of the car. Unless an extrenely
fragile load is involved, there is no need
to shore cargo with dunnage units at ends of
a car as adequate dunnage units in the
center of the load will conpress cargo
agai nst the ends of the car. Use of dunnage
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units on top of a load is not necessary
since the weight of cargo and |l atera
pressure of dunnage units will restrict
vertical novenent. Pressure exerted by the
dunnage units will also generally restrain
| ateral movenent of cargo. Additional units
may be used for positive insurance agai nst
any excessive |l ateral novenent of fragile or
critical material

(2) Pneumatic units are designed to fil
a 12-inch void when inflated to 2 to 5 PS
air pressure. (Pneumatic dunnage used in
truck trailers/containers should not exceed
three-quarters PSI as sides or ends of
trailer nay be deforned by greater
pressures.) Were cargo | oadi ng woul d result
in avoid significantly larger than 12
i nches, the | oad should be planned, if
practicable, to provide separate smaller
voids. In the interest of |oad security
(maxi mum cushi oni ng) and wear upon the
units, the dispersion of dunnage units to
several points in the load is usually nore
desirabl e than placing two or nore bags
directly against each other to fill a large
void. A point to enphasize is that the
initial inflation of pneumati c dunnage
within a void normally results in a 2- to 6-
i nch expansi on of the
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voi d dependi ng on the cargo | oad
characteristics, hence, what was a 12-inch
void may finally neasure 14 to 18 inches.
(3) For load configuration adaptable to
pneumati ¢ dunnage use, each conveyance with
a void space of approximately 12 inches
after cargo | oading (across w dth of
conveyance) can acconmodate positioning of
at least one unit of pneumatic dunnage or a
row of the units to restrain the cargo.
Fi gures 3-50 through 3-51 illustrate various
sanpl e patterns that may be used to adapt

pneumati ¢ dunnage to the various |oad voids
and configurations. Note that dunnage
arrangenent nust be designed to secure the
entire | ading. Buffer boards (may be of
various types depending on | adi ng features)
shoul d be inserted when rough surfaces of

| oad may puncture or abrade the pneumatic
dunnage units, or when pressure of the
inflated units may danage the cargo, or
where the |l oad faces offer a pattern that
woul d be difficult to stay w thout buffers.
These figures depict either disposable or
reusabl e units.

TOR )
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Figure 3-45. Single void pneumatic dunnage bracing pattern.

3-79



T™ 38-400/NAVSUP PUB 572/AFMAN 23-210 MCO 4450.14/DLAM 4145.12

Ha—

(¢

Figure 3-46. Larger dunnage units bracing higher loads.
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Figure 347 Multiple voud bracing with pneumatic dunnage units.
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Figure 3-48. Pneumatic dunnage units in various void arrangements.
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Figure 3—49. Pneumatic dunnage units staying load of various package sizes.
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Figure 3-50. Pneumatic dunnage stays load laterally and longitudinally.
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Figure 3-51.  Buffer board insertions.
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g. Operational procedures.
(1) Installation.

(a) Measure void space between cargo
surfaces where dunnage units are to be
inserted. Determine the number of units
requi red based on horizontal and | atera
voi d spaces, nunber of rows of cargo, nunber
of tiers of cargo, and characteristics of
cargo. Deternine size of units required
based on di nensions of surfaces facing the
voi d. Determ ne the nunber of buffer boards
required, if any.

NOTE
Loading practices which ensure tight
cargo positioning will mninmze void

spaces between contai ners and reduce
cargo nmovenents upon dunnage inflation

(b) Position dunnage units to ensure
maxi nrum ef f ecti ve contact with the part of
the load they are to brace. Top tier units
of a 2-tier installation which nust be
inflated several feet above the car floor
may be suspended in position for inflation
by hangers attached to dunnage handles (fig
3-52). This can be acconplished by spanning
he void space with a bar across the top of
the two | oad sections and then suspending
the bags with two hangers hooked through the
dunnage handl es. Bags are then inflated just
enough to secure the units in position. At
this point, the suspending hangers and
crossbhar should be renoved to prevent
bi ndi ng the hangers agai nst the bags. Care
shoul d be taken to assure that valves are
positioned for ease of inflation/deflation
and pressure readings.

IARRRRAR

LU

Figure 3-52. Technique for hanging dunnage units preparatory to inflation.

(c) Inflate each unit to proper air
pressure using air conpressor/air supply and
inflation kit. When nore than one unit of
pneumati ¢ dunnage is placed in a
conveyance, the inflation process should be
alternated fromone unit to another unti
all units reach desired pressures. This wl|
assure that each unit will assune regularity
in contour and size with subsequent firm
positioning. Inflation requires only a few
m nutes per unit dependi ng upon out put
vol unme of air conpressor/air supply. A high
vol une air supply is nost suitable Each unit

is designed to normally cushion within a 2
to 5 PSI range as restricted by | oad
characteristics. Pressure nmay be increased
to a maxi rum of 8 PSI, dependi ng on | oad
characteristics, when nmtially conpacting
cargo. (Remi nder: three-quarters PSI max in
truck trailers/containers.) This over
inflation nmust then be "bled off" to the
proper shipping pressure. Wien inflation is
conmpl eted, tighten each valve stem by hand
(do not use a wench or pliers to tighten
val ve). Properly inflated and positioned
units will maintain correct contour in
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voi d space, but an unrestrained,
insufficiently restrained, or overly
inflated unit will tend to assune a round
shape and will transfer excessive pressure
toalinmted area of the cargo facing.

When inflating di sposabl e pneunmati ¢ dunnage,
inflate the unit slowy unit the bag has
filled out; rapid inflation has a tendency
to crystallize the pol yethyl ene |iner
opposite in inflator valve.

(d) Measure the resultant void. |If
excessive void is present, deflate units.
(This deflation process is nore suitable for
reusabl e units as disposal units do not
provide rapid deflation using valve
fixture.) Reposition cargo, if practicable,
or insert additional dunnage wunits in
the void. Wen dunnage units are correctly
installed, they nust be deflated to the
normal shipping PSI, usually 2 to 5 pounds
(three-quarters PSI max inflation in truck
trail ers/containers) depending on cargo
characteristics. As nmentioned above,
deflation process is slow with disposabl e
units so excessive pres-

(e) Figure 3-53 illustrates an
application pattern in the use of disposable
or reusabl e pneumatic dunnage units. CObserve
that figure 3-53, depicting a marine carrier
application, shows multiple dunnage units
posi tioned side-by-side for void filling.

In this area of use (marine), this procedure
has proven acceptabl e, notw thstanding the
comments in f(2) above.
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Figure 3-33. Variable sized voids occupied by dunnage unuts
in storage.

(2) Renoval

(a) Cut or otherw se puncture the
di sposabl e pneumati ¢ dunnage units at any
desirabl e | ocation on the bag and renpve
from conveyance

(b) Deflate the reusable pneumatic
dunnage units by rel easing the val ve. Make
sure that deflation of unit(s) will not
permit any unsupported cargo to fall or
shift to an unsafe position. Upon renoving
the unit fromconveyance, roll up toward the
valve end to force the exit of any renaining
air. This should be done inmedi ately upon
renoval and the val ve conponents retightened
to prevent valve danage or entry of foreign
material. Units renoved at destination
shoul d be marked for inspection and repair,
as appropriate. Dunnage units shoul d be
placed in a protected storage area if not to
be inmediately returned to shipper. See b(1)
above on return of units. Keep buffer boards
for further use, if practicable, upon
removal fromcarriers

h. Care and handling of pneunmatic dunnage

units.

(1) Reusabl e pneumatic dunnage units
shoul d be stored in areas that are
relatively cool and not exposed to excessive
sunlight. A convenient nmeans of storing the
units is to lay themout on pallets equi pped
with superstructures so as to avoid
excessi ve superinposed weight. Normally, not
nor e
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than 25 units should be contained within
such a storage aid. The units, with nmale

val ves securely fixed in closed position
are to be laid flat. Folding of the units
for storage will tend to cause deterioration
of the unit at the fold area should they
remain in such position for extended

peri ods, especially with weight inmposed on
them Disposal pneunmatic dunnage units do
not require any nore protection in storage
than given to other paper products. They can
be stored in the receiving container.

Di sposal units have a recomended shelflife
of 12 nonths.

(2) A reusabl e pneunatic dunnage unit
nmust be inspected and repaired, as
necessary, when puncture, abrasion, valve
failure, or other defects are evident.

(a) Inspectors should consider val ve
conmponents and surface of casing; mark areas
requiring patching. If punctures cannot be
detected by visual inspection, inflate unit
to 6 pounds pressure, and brush soap suds
over the valve area and other areas of the
bag to test for suspected | eaks. Bubbl es
i ndi cate | eaks and these | eaks shoul d be
clearly marked for repair. A sure way to
deternmine the pressure retention
capabilities of the units is to inflate them
to 4 to 6 pounds PSI, then set aside for 24
to 48 hours. A final check would then be

made before use to assure that they are
hol di ng adequate pressure.

(b) Repair of reusable pneumatic
dunnage units can be acconplished as
fol | ows:

1 Install new valve parts if
i nspection indicates a | eaki ng val ve.

2 Patch punctures or tears. The damage
area nust not exceed 6 inches in | ength nor
be within 3 inches of valve or bag seam
Repairs will be acconplished with repair kit
(avail abl e from dunnage unit manufacturers).
The instructions included with the kits
shoul d be carefully foll owed. Reusable
dunnage units with maj or danage such as
val ve defornmation, seam damage, or any
damage within 3 inches of the seam or val ve
shoul d be returned to the manufacturer for
repair if the projected remaining life of
the unit justifies such action

NOTE
For bl adder-type units renmaining in sys-
tem the repair considerations above will
al so apply to the bl adder.

3 Since disposabl e pneurmati c dunnage
is for one-tine use, there is no inspection
for repair nor any processing for return to
shi pper.

Section X. Unit Loads

3-85. Policy.

Maxi mum use will be made of unitized | oads
where such use will result in an overal
econonmy to DOD. To conserve tine, manpower,
equi pnent, and reduce the possibility of
pilferage, unit |oads will be used in

recei ving, storage, and shi ppi ng operations
wher ever practicable. Itens which can be
palletized will be forned into unit |oads as
soon as received and handled as units

t hroughout the entire storage and material s

handl i ng operation. Individual procedure
publications/drawings will be issued by
the mlitary services to cover

pal l etization of explosives and amunition
commodities. It is mandatory that these
publ i cati ons/draw ngs be used when

pal | etizi ng expl osives and amuni tion.

3-86. Principles of Unit Loads.

a. The conbi ning of nunerous items into a
unit | oad of appropriate size which can be
handl ed with avail abl e equi pnent and within
existing facilities is nost econonical. The
| arger the nunber of itens handled as a
unit, the smaller the handling cost per
item The savings by this nmethod can of f set
the initial cost, operation, and mai nt enance
of the mechani cal equipnent required to lift
and transport the heavier |oads.

b. To mininize double handling of
mat eri al, nonpalletized items which are
received in quantities suited to
palletization will be palletized at the
earliest practicable point during the
recei ptprocess (fig 3-54).
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Figure 3-54. Cartons palletized close to stock for unit
handling.

c. Practical linmts to the application of
unit | oads include the physica
characteristics of the items, size of
pall et, storage area, elevators (size and
capacity), size of doors, capacities of
avai |l abl e MHE, and ai sl e wi dths,

d. CGenerally, large rigid itenms such as
| unmber, pipe, and bar stock need not be
pal l eti zed, but can be bound into unit | oads
for nechanical handling. As much tonnage as
possible will be hauled in a single trinp.

e. The unit load principle can al so be
applied to the design of the container for
i ndi vidual units or itens. For exanple, a
50- pound unit can be handied in less tinme
and at | ess cost per pound than two 25-pound
units. However, the weight of any unit or
contai ner that nust be eventually man-
handled will be Iimted by the strength of
the average man. For this reason, the gross
wei ght of these containers or units should
be limted to no nore than 70 pounds where
possi bl e.

3-87. Types of Unit Loads.

a. Unit load. A unit load is normally
conposed of two or nore pieces or containers
handl ed as a single unit. Generally, the
unit load will be supported on a pallet or
on a base so designed that the | oad can be
pi cked up fromany direction by nmechani zed
handl i ng equi prent. When a special base is
not provided, the material will be arranged
and tied in such a manner that handling as a
unit load will be possible.

b. Palletized and containerized unit
| oads. Definitions, nethods, materials, and
t echni ques concerning palletized and
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contai nerized unit | oads on standard genera
purpose pallets, skids, runners, or pallet-
type base will be in accordance with M L-
STD- 147 (Palletized Unit Loads).

c. Bonded unit load. Frequently, because
of the type of material or itens to be
transported, or because of shocks and
novenent which nay occur while in transit,
it will be necessary to bond the itens
conprising the unit load. The itens will be
fornmed into a bonded unit load (with or
wi thout a pallet) by means of adhesive,
strappi ng, edge protectors, or other storage
ai ds designed for this purpose (fig 3-55).
The bonded load will be designed to renain
as a unit fromthe place of assenbly to the
ultimte place of use throughout all phases
of storage, handling, and shi pnent.

Figure 3-55. Bonded unit load.

d. Nonbonded unit |oad. Nonbonded unit
loads will be a type or shape that can be
deposited, wi thout bonding, or a | oad base
and transported as a unit during nornal
handl i ng and storage operations (fig 3-56).
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Figure 3-56. Nonbonded loads.

3-88. Advantages of Unit Loads.

a. Econony. Unit |oads provide an
econoni cal neans of handling, storing, and
transporting by elimnating nmanual handling
of individual itens and mininzing the
i nci dence of pilferage.

b. Speed in handling. Wth unit | oads,
nore tonnage can be nmoved in less tine than
is possible with other handling nethods.

c. Uilization of cubic space. Mat eri a
in unit |oads can be nechanically stacked to
greater heights, thus, utilizing a greater
percent of avail abl e cubi c storage space.
Covered space is expensive; therefore,
increased utilization will decrease the
overal |l cost of storage. During periods of
i ncreased receipts, the denand for storage
space frequently exceeds the supply.
Utilization of cubic space is even nore
inportant at this tine.

d. Decreased damage to material. |ncidence
of danmage to material handl ed under the unit
| oad concept will be nuch | ess than for
mat eri al handl ed as indivi dual containers
through all steps of storage and
transportation.

e. Safety. Handling of material in unit
| oads is safer for personnel. Many of the
acci dents nost conmon to storage operations
occur where individual container handling is
i nvol ved.

3-89. Unitizing Methods.
a. Nonpalletized unit |oads. Usually,
nonpal l eti zed unit | oads (including |unmber

steel, and bar stock) whet her assenbl ed for
storage or shipment will be nmuch larger in

l ength than the normal palletized unit | oad.
However, the di mensions of non-palletized
unit | oads should not exceed 48 inches in
either width or height (figs 3-57 and 3-58)
Not abl y, 48-inch high | oads cannot be doubl e
stacked into 8-foot vans.

Figure 3-58. Nonpalletized unit load of lumber.

b. Use of storage aids. Storage aids
such as dunnage, collars, spacers,
separators, strapping, and others should be
utilized when necessary to secure, holster
or protect unit loads in storage as well as
| oads prepared for shipnent. For details in
the use of these aids for storage purposes,
refer to use in shipping functions, refer
to ML-STD 147.

c. Cube dinension and wei ght requirenments
of unit | oads.

3-87
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(1) The detailed requirements concerning
unit | oad cube di nensions and wei ght are
contained in ML-STD 147.

(2) Palletized unit |oads nade up for
storage and not for shiprment nmay exceed the
hei ght and weight [imtations specified for
unit | oads designed specifically for
shi pment. Deviations will be limted to the
fol | owi ng:

(a) Capacity of MIE

(b) Stacking height of the unit.

(c) Unusual shape or size of itens.

(d) Storage capacity of the building or
storage area.

3-90. Unitizing Loads by Shrink Wapping.

a. Definition. Shrink wapping A
techni que of packaging in which the strains
of a plastic filmare rel eased by raising
the tenperature of the film thus, causing
it to shrink over the package.

b. Types of shrink equi prment.
types currently avail able are-

(1) Shrink chanber. This is a heat
chanber or oven (heat source can be gas or
electricity) having a single door for
entrance and exit and a conveyor or novable
platformto transport the | oad. The
operating tenperature is automatically
controlled and the time the load is
subjected to the heat is either
automatically or manually controlled. Length
of load time in the chanber depends on film
thickness and fil mtype. Approxi nate
capacity is 30 pallets per hour

(2) A hand-held gas-fired gun is used for
renote shrink-filmoperations (fig 3-59).
This is designed to shrink wap small
cartons to full pallet loads. It uses
natural or propane gas fuel; electricity is
not required. Al shrink films can be used
with this item

The mgj or

Figure 3-59. Hand-held, gas-fired gun for remote shrink-film operations.

c. Types of shrink film avail able.

(1) Avariety of shrink filnms is
avail abl e and the user nust assess his
particul ar requirenents to determine the
density and type of filmto be used. There
are two general categories of film sheets
(figs 3-60 and 3-61) and prefornmed bags
(figs 3-62 and 3-63).

(2) The prefornmed bags are nore wi dely
used, each type being available in a w de
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range of thickness, construction, and sizes.
Some of the shrink filnms available are
listed bel ow

(a) Polyethyl ene.

(b) Polyvinyl chloride.

(c) Polystyrene.

(d) Pol ypropyl ene.

(e) Polyester.

(f) Polyvinylidene chloride.
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(g) Rubber hydrochl ori de.
d. Shrink-filmcharacteristics.

(1) Because of its performance
characteristics and | ow cost, polyethyl ene
filmis the nost widely used. The ability to
stabilize heavy | oads becones apparent when
it is realized that the applied shrink-film

surface area is approximately 10 percent
greater than the surface area of the
pal l eti zed | oad. Shrink tension is thus
applied after this 10 percent has been
shrunk to fit the contour and allows the
filmto become a structura
package.

part of the

Figure 3-60. Flat sheeting.

(2) In filmproduction, controlled
stretching builds stress characteristics
into the film Heating the filmrel eases the
built in stresses causing it to shrink. The

filmshrinkage can be controlled in two
directions, either in the circunferentia
direction or height of the | oad.

Figure 3-61. Centerfold sheeting.

(3) Thickness of polyethylene shrink film
used varies, depending on the restraint
requi rements. Most industrial applications
use film2.5 to 8 mils thick. The ability of
filmto stabilize a heavy load is easy to
vi sual i ze when one realizes that a
restraining force of 2,000 PSI sonetines
occurs over the entire area of the |oad
surface. This factor, together with the

i nherent elasticity of film makes it an
out st andi ng cont ai ni ng medi um

(4) Shrink-filmbags can be either
centerfold or gusseted types (figs 3-62 and
3-63). The centerfold bags are roll ed,
seal ed, and perforated fromcenterfold film
and have their primary shrink around the
circunference of the load. This type of

3-89
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shrink direction gives a nore consistent
shrink and tends to keep filmfrompulling
away fromthe bottomof the pallet. This
factor is extrenely inportant since the
purpose of the application is lost if the
filmdoes not tightly grasp the pallet. The
gusseted bags are rolled, sealed, and
perforated from gusseted tubing. The prinmary

shrink here is in the vertical direction
rather than the circumferential. This type
of shrink direction tends to cause the film
to pull away fromthe bottom of the pallet.
This can be control |l ed by guiding the heated
tunnel air primarily to the bottom of the
pal | et.

Figure 3-62. Centerfold bags.

Figure 3-63. Gusseted bags.

e. Determining filmbag size and
t hi ckness. Bags are specified by wi dth,
dept h, length, and gauge.
(1) Bag size determination is based on
the foll ow ng:
(a) Wdth-approximately 4 inches nore
t han | oad w dt h.
(b) Depth-approximately 4 inches nore
than | oad w dth.
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(c) Length-one half of depth of I|oad
pl us hei ght of load (including pallet) plus
4 inches.

(2) Thickness (gauge) of the film
materi al needed is determined by the weight
of the pallet ML-STD 147). |oad and type
of filmto be used (para 5.1.2.3.,

f Advantages of shrink wap. The
advant ages of shrink-wap palletizing nake
it desirable for many | oad bondi ng
applications.
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(1) Shrink films conformto odd shapes
and sizes thereby offering greater
versatility in package size reduction than
conventional strapping.

(2) Strapping inpressions and product
abrasion are elinnated.

(3) The overwap of shrink filmshields
the | oad from outside noisture conditions
and al so prevents dust collection on the
material. The load will frequently | end
itself to tenporary outside storage thereby
easi ng war ehouse probl ens.

(4) Shrink-filmoverwap deters pilferage
by making entry obvious when it has
occurred. Opaque filmis also avail abl e
whi ch prevents ready identification of
specific contents of the pallet.

(5) Shrink filmis nore safely renoved
fromthe pallet |oad than conventional netal
strappi ng.

(6) Shrink wapping is nore econom ca
than the standard conbi nati on of corrugated
triple-wall containers and steel strapping.

g. Di sadvant ages.

NOTE
Many of the disadvantages |isted bel ow
al so apply to conventional neta
strappi ng nethods.

(1) shrink wap does not add stacking
strength. Stacking strength of noncartoned
| oads depends upon the strength of the
comuodity.

(2) Shrink wap provides no protection
frominpact forces on sides or top of |oad.

(3) Interlocking pallet patterns are
particularly inmportant in order to take
advant age of the frictional forces of the
package surfaces to provide load integrity.

(4) For best results, outside dinensions
of the load should be close to or slightly
| ess than the size of the pallet to allow
the filmto cling to the pallet. (Filmwll
perform adequately, in npbst cases, even with
a material overhang.)

(5) Plastic filmis elastic in varying
degrees. Thickness and density of film nust
be carefully selected to provide sufficient
tension to maintain load integrity.

(6) When pallet |oads are stacked,
nai | heads, splinters, or a rough surface of
the upper pallet can abrade or tear film
(Such abrasions or tears, however, will not
spread further by thenselves.)

(7) Mst films are adversely affected by
sunlight. (Utraviolet inhibitor filmcan be
used where this protection is desired.)

(8) Satisfactory application of film
requires precise control of tenperature and
time during the shrinking process.

(9) Shrink ovens occupy nmore space than

conventional strapping equipnent.

(10) Some nminor heat |oss occurs in nost
convection-type shrink ovens. This nmust be
considered if such units are to be used in
refrigerated areas.

(11) Shrink equi prent for high-speed
operation is nore expensive than
conventional equipment. (This can be of fset
by | abor savings and increased production.)

(12) Filmenvel ope provi des poor
ventilation. Renmenber, filmuse in not a
nmet hod of packagi ng protection, but a device
to bond | oads for nmovenent from shipper to
customer. Condensation buil d-up nust be
consi dered when selecting film because
certain comodities nay be adversely
af f ect ed.

(13) Some types of film may pose
di sposal problens. However, polyethylene is
the nmost commonly used and can be easily
recycled. If recycling is not feasible,
incineration or disposal in sanitary
landfills is preferred.

h. Safety. Shrink-filmoperations will
be inspected at |east every 3 nonths by
installation fire prevention, safety, or
heal th personnel. Mtters such as
ventilation, use of protective equi prent and
clothing, and potential fire conditions
shoul d be included in this inspection

i. Items not suitable for shrink-film
appl i cation.

Few products need to be elimnated from
consideration for shrink processes, even

t hough they may be exposed to 500 OF. or

hi gher, during the shrink process. Tests
have shown that the tenperature under the
shrink filmnormally rises only a few
degrees above the roomor area tenperature
in which the packagi ng takes place. Products
that are excluded fromthe shrink nethods
and procedures described because of their
extreme heat sensitivity are anmunition

nucl ear expl osives, POL, and other flanmable
mat eri al s.

3-91. Unitizing Loads by Stretch Wapping.

a. Definition of Stretch wapping. A
process of enclosing a | oad by using a rol
stock plastic nmbonding to secure contents
wi t hout the application of heat to the film

b. Methods of application.

(1) Spiral. This nethod uses a filmof a
width | ess than the height of the load. A
predet erni ned nunber of filmwaps are
applied to the bottomof the load, the film
is spirally wapped to the top of the |oad,
and a predeterm ned nunmber of filmwaps are
then applied to the top of the |oad
conpl eting the wapping operation (See
figure 3-64)

3-91
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(2) Convolute. This nmethod is identical
to spiral, except that the filmis spirally
wr apped again to the bottomof the | oad
following the application of a predeterm ned
number of filmwaps to the top of the | oad.
At least two nmore waps of filmare applied
than in the spiral method using the same
machi ne settings.

c. Equi prent.

(1) Stretch-filmw appi ng machi nes can be

purchased with varying capabilities.

Machi nes can be positioned to operate

i ndependently or they can be part of a
conveyori zed feed and take-away system
Sanpl e, hand-hel d, stretch-filmdi spensers

3-92

are avail able and can be used to secure
palletized loads in limted quantity.

(2) To provide proper control of a
stretch-w appi ng operation, equi pnent should
have the follow ng features:

(a) Variable speed controls for the
turntable and filmcarriage.

(b) Soft starting (slow accel eration)
of the turntable at the start of each
stretch-wap cycle

(c) For stretch-wapping operations
i nvol ving random hei ght palletized | oads,
automati c | oad hei ght conpensati on can be
provi ded by an electric eye nounted on the
filmcarriage.
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Figure 3-64. Spiral wrapper—narrow film.

d. Stretch-wap films. Films currently
avai | abl e are pol yet hyl ene, pol yethyl ene
containing a portion of ethylene viny
acetate, and techni ques. polyvinylchloride
(PVC) types. Afilmthickness of 1.5 mils is
recommended. Since there is a charge of
static electricity built up during a
stretch-wap operation, there is a potentia
hazard to static sensitive electronic
conponents when this technique is used. (See

Figure 3-64 for one exanple of stretch-film
equi pnment . )

e. Stretch-w apping techniques.

(1) Adequate bonding of a load to a

Wi ng-type pallet requires overl appi ng of the
pallet with a mninmumof 6 inches of stretch
filmmeasured fromthe bottom of the | oad on
the pallet. Also, the film nust overlap the
top of the load at |east 4 inches.

3-93
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(2) When stretch-wapping tires, the
stretch filmnmust overlap both of the end
tires at least 6 inches to assure maxi mum
bondi ng.

(3) A caution nust be observed when
tensioning filmin the wappi ng process.
Overtensioning of the stretch film¢(i.e.
stretching the filmto near the breaking
poi nt) causes the stretch filmto lose its
elasticity and resistance to rupture or
splitting when subjected to shock. Optinmum
performance of the stretch filmoccurs when
the filmis tensioned to a point where a 1-
i nch neckdown is obtained at the top and
bottomof the filmas it is dispensed from
the roll. This results in a reduction of
filmw dth of approximtely 10 percent.

f Advantages and di sadvantages of stretch
wr ap.

(1) Most of the advantages and
di sadvant ages stated in paragraphs 3-90f and
g for shrink filmalso apply to stretch wap
when conpared to other utilizing techniques.
There are sone additional considerations,
however, when comparing stretch wap with
shrink film

(a) Since the stretch-wap process does
not require heat, the equi pment installation
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is less conplicated (e.g., no ventilation
needs) .

(b) Absence of the need for a heat
source allows a |l ess costly operation

(c) The stretch process can be used
in nore environnents (e.g., cold roons).

(d) Stretch-wappi ng equi pnent is
nmore portable and easier to reposition

(e) The stretch-wapped unit is not
as waterproof as a shrink-filmunit,
however, a top cover can be placed on a | oad
and down the sides before the stretch-
W appi ng process begins.

g. Itens not suitable for stretch-wap
application. Few products need to be
elimnated fromconsideration for stretch-
wrappi ng. However, a charge of static
electricity is devel oped during the stretch-
wap operation, especially during the
stretch-wapping of tires under lowrelative
hum dity conditions. The intensity of the
static charge varies between the generic
filmse with PVC fil ms devel opi ng the hi ghest
intensities. Although this static charge is
not harnful to tires, it does create a
hazard to static-sensitive electronic
conponents or highly flanmable materials
when either stretch-wapped or stored in the
vicinity of the stretch-wap operation



CHAPTER 4

M LE AND PRI NCI PLES

Section |. Basic Principles

4-1. Ceneral

a. Definition. Materials handling is the
nmoverment of materials to, through, and from
producti ve processes in receiving, storage,
packi ng, and shi pping areas. Wile materials
handl i ng practices vary, the basic
principles remain constant. Since these
basi ¢ principles are sonetinmes overl ooked,
certain underlying guidelines nust be
recogni zed

b. Least handling is the best handling.
The greatest econony in noving nmaterials is
secured by not handling the naterial at all
Since this situation rarely exists, an
attenpt nust be nmade to keep handling to a
m ni mum

c. Standardi zation of nethods and
equi pnent aics the materials handling
activity. Standardization of equi pnent
results in the reduction of costs of
operation, in that, naintenance, repair
storage, and issue procedures can be
sinmplified.

d. MHE nmust be selected for a nultiple
nunber of applications. Equipnment sel ected
shoul d be chosen with the consideration that
flexibility is the key note (i.e., that it
can be used for multiple operations).
Therefore, enphasis nmust be given to the
flexibility with which equi pnment can be
converted to handl e other jobs.

e. Specialized equi pnent should be kept to
a mni mum Mat eri al s handl i ng operations
requiring special equipnent are costly.
Norrmal Iy, first cost, cost of operation, and
mai nt enance costs are greater for specia
equi pnent than for standard equi pnent.

f Vol unme dictates the nethod of handling
material. The number of pieces to be noved
determ nes the nmethod of handling.

Regardl ess of the size, shape, or val ue of
an itemto be noved, the first question to
be answered before the selection of nethod
for nmoving is: How nany pieces are to be
noved?

g. Advanced pl anning. Planning on
mat eri al s handl i ng nmet hods and equi pnent
shoul d be carried on simultaneously with
other planning activities and undert aki ngs
with full recognition of present and future
factors. The npbst essential phase of any
programis planning. To be effective,
pl anni ng activities in our organizations

nmust be coordinated. As an exanple, sone of
the factors requiring advanced pl anni ng are-

(1) Protection required agai nst weat her
or breakage.

(2) Legal and physical restrictions in
reference to transportation (e.g., hazardous
material s).

(3) The possibility of using unitized
| oads.

(4) The
and net hods.

(5) The conbination of naterials
handl i ng net hods.

(6) Consideration of the safety hazards
i nvol ved.

h. The |l ength and nunber of noves of
mat erials should be kept to a m ni mum
Movenent paths of material should be studied
for the possibility of reducing
"backt racki ng" and | ength of noves,
resulting in better utilization of equipment
and personnel

i . Equi prment capacities should never be
exceeded. The rated capacities of equi pnent
shoul d never be exceeded. Over-| oadi ng
causes excessive wear of equi pnent and
creates additional accident potential

j. Analysis. Al materials handling
operations should be analyzed for
i nprovenent possibilities by elimnation
conbi nation, or sinplification. Conbination
of operations may result in the
sinplification and reduction of the nunber
of times that material has to be handl ed.

k. Selection of MHE i s based on the
econoni es of operation. These econonies are
measured in the cost of noving the
materials. Geater "pay | oads" for each
handl i ng operation will result in |ess
handl i ng cost per piece.

j . The physical state of materials is a
factor in determ ning MHE. The three
physi cal states of material-solid, |[|iquid,
or gas-deternine the nethod of contai nnment
(pack). Gases are contained in cylinders;
liquids such as acids are contained in
carboys; and solids such as sheet and bar
stock netals may require wood skids. This,
in turn, influences selection of MHE

m Straight Iine flow The shortest
di stance between two given points is a
straight line. The tine required to travel a
gi ven distance is reduced by follow ng a
straight line

standardi zati on of equi prment
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n. All materials handling operations
shoul d follow a defined nmethod. What causes
variation in the length of time required for
handl i ng a gi ven product? The nmethod used in
pi cking up, carrying to, setting down, and
returning fromis always the source of
variation. The standardization of the method
will provide a basis for deternining
handl i ng requirements. It should be
recogni zed that establishing this nethod,
normally, will nor require detailed
refinement such as that used in mcronotion
anal ysi s.

0. Short, irregular noves |end thenselves
to manual materials handling. Some
mat eri al s handl i ng operati ons do not occur
with any degree of repetitiveness. The use
of equi pnent for such an operati on nay be
much nore costly than manpower. When noves
are short, irregular, and | oad capacity of
men not exceeded, it may be nore econom cal
to use manpower.

p. Wierever practicable,
be prepositioned for the
operations.

Preposi tioning pl aces-

(1) Containers in a position to
facilitate picking up.

(2) Containers on a conveyor which
reduces accidents and | essens equi prment
damage.

(3) Materials so they won't obstruct
other material novenents, which may result
in reduced materials and equi prent damage
and a reduction in the nunber of accidents.

g. Wierever practiciable, naterials
shoul d be noved in a horizontal plane or
with the aid of gravity. During |oading and
unl oadi ng, personnel may have to reach
either down or up. The excessive effort used
m ght have been greatly reduced if the
wor kpl ace | ayout had been pl anned. The idea
lifting position is at the waist. The nearer
to the waist that a container or part can be
pi cked up and di sposed, the greater will be
the efficiency.

mat eri al s shoul d
handl i ng

4-2. Contai ners.

a. Definition. A container is defined as
a neans which provides the necessary
encl osure, arranged so as to properly retain
the product and restrain its novenent to the
degree necessary for protection in
handl i ng, storage, and transportation. The
proper selection and design consideration
given to each contai ner reduces |oss or
damage to parts and assures protection to
the container, especially the reusable
types.

b. Wthin feasible cost limts, mninum
materials with nmaxi num strength shoul d be
used in container construction. Wen the

4-2

possibility of tiering exists, containers

shoul d be so constructed as to support the
maxi mum nunber of filled containers which

may be placed on its top

c. Container Design and Use.
Cont ai ners shoul d be desi gned for shipping
and storage as well as for use at point of
use. It is often possible to design a
container so that it acts as a hopper or
supply bin for work in process. Wen this
situation exists, storage area, cost of
handl i ng, and contai ner costs nmay be
reduced.

d. Unit load is basic, container
incidental. Regardless of the type of
cont ai ner used, the inportant factor is the
nmet hod of | oading that container. Geater
econony is obtained through the use of the
unit |load as nore material can be noved at a
single tine. The nore pieces or pounds
noved, as a unit load in a single handling
operation, the | ower the cost per piece or
per pound and the shorter the tine required
to nove any given vol une.

e. Collapsible containers. These itens
require | ess storage space when enpty and
can be returned at |ower transportation
costs. Because of the high transportation
costs, it is inportant that a thorough study
be nmade before selecting returnable
containers. Sone of the factors to be
considered in the selection of returnable
cont ai ners ar

(1) First cost, including initial
shi ppi ng from contai ner nmanufact urer

(2) Cost of transportation to and from
its destinati on.

(3) Total investment required.

(4) Records invol ved

(5) Potential loss resulting from danage
to product.

(6) Maintenance cost.

(7) Accumul ating, segregating, and
storage space involved at both user and
supplier stations.

(8) Conservation of material resources.

(9) Nunber or reuses likely to be nade.

f Containers nust be standardi zed wherever
possi bl e. Standardi zation of containers
facilitates materials handling, in that,
carriers, |oading and unl oadi ng devi ces,
conveyors, measuring nethods, and mnethods of
handl i ng can be standardi zed. When
contai ners are standardi zed, the anount of
equi pnent necessary for handling can be
reduced.

g Unit | oads should be increased to the
econom ¢ maxi mum G eater econony is
obtained as the unit load is increased,
provi ded contai ner or equi pment capacity is
not exceeded. The nore pieces carried in one
| oad, the greater the efficiency
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4-3. Material Mvenent.

a. Ceneral. Any naterial npvenent
requi res adequate planning, MHE, manpower,
and care. Flexibility of the operations is
required where a ngjority of the materia
nmoved is widely varied. Operationa
standardi zati on is generally nore economica
and feasible where the material remmins a
constant type, size and shape, or requires
the sane handl i ng repeatedly.

b. Were econonical, personnel should be
repl aced with mechani cal devices. \Where
vol une, size, and/or weight nerit,
mechani cal handl i ng devices can be used
economi cal l y. Such devices as conveyors,

i ndustrial trucks, cranes, etc., aid the

| oadi ng and unl oading activity. Safety
hazards can be reduced and protection

i ncreased when nechani cal devices are used
in place of personnel. The opportunity for
| oss and danage of packages is greatly
reduced when nanual handling is kept to a
m ni mum

c. Proper movenent will prevent damege. In
nost instances, |oose material is subjected
to nore danmage than properly packed
mat eri al . Adequat e pl anni ng shoul d precede
any novenent operation, recognizing such
factors as center of gravity, adequate
dunnage, heavy material on bottom rated
capacity of WMHE, possibility of container
and product damage while in transit.

d. Points of material pickup and delivery
shoul d be kept to a nminimum A |arger
nunber of pickup and delivery points wll
i ncrease nmovenent requirenents, thus
af fecti ng manpower and costs. The
possi bility of conbining several pickup
points into one central point should be
consi der ed.

e. Were econonmical, material should be
segregated by source or destination. In
segregating naterial by source or
destination, unnecessary shuffling and
reshuffling of material is elimnated.
Segregation of material for this purpose is
advantageous in all cases where volune is
great enough to warrant it.

f High priority itenms should be placed in
an accessible location. Proper |oading of
high priority material will expedite
delivery at destination, so it can readily
be unl oaded.

g. Area, materials, tools, and equi pnent
shoul d be provided at proper locations. In
t he | oadi ng and unl oadi ng of box cards,
areas for dunnage, strapping, strapping
tool s, lunber, tools, and other
m scel | aneous equi pnent and supplies should
be provided at easily accessible points.

h. Ventilation. Proper ventilation and
lighting facilities will aid in the
reduction of errors and accidents. Portable
lights and fans should be considered on
docks where needed.

i. Dock heights. These should, as nearly
as possible, be conpatible with the bed
hei ght of carriers. This is primarily
achieved with bridge plates or permanently
instal | ed adj ustabl e ranps.

j. Expedited materials should be | oaded
and unl oaded at a specific dock or |ocation.
Such items as parcel post, air freight, and
express have the tendency to congest dock
areas unless anple facilities are provided.
Normal |y, the "detention tinme" for the
agency, acting as carrier of expedited
material, is short; but the |oading and
unl oadi ng del ays which they nay create are
costly.

4-4. Industrial Trucking.

a. Definition. Industrial trucks are
defined as This covers a wi de variety of
mechani cal equi pnent, each designed to
performsone materials intradepot or on-base
facilities materials handling. handling job
efficiently. No one unit will perform al
operati ons.

b. An econom c balance exists between
the amount of equi pnent used and the vol une
of materials handl ed. Too often the anount
of equi pment available is not sufficient.
This results in the use of nore costly neans
of nmoving materials or not being able to
keep up with required schedul es. The
condition sonetimes exists where too many
units are avail able; consequently, there are
idle units. Through proper perfornmance
records and pl anni ng, the nost economica
nunber of operating units can be determ ned.

c. The distance to be traveled is the
principal factor in determ ning the proper
equi prrent "How far" will deternine the
equi prent to be used. A tractor train is
nore economical to use for long hauls than
the fork truck. In sone instances, manua
novenent i s nore econonical when the
di stances is just a few feet.

d. Industrial trucking operational costs
shoul d be analyzed. It is inportant that an
operational cost record be kept of every
unit of equipnent. This will provide
i nformati on whi ch, anong ot her things, may
be used to inprove preventive naintenance
and the sel ection of new equi pnent.

4-5. Effective Uilization of Manpower.
Manpower is the nost basic nethod for
handl i ng materials. Throughout the

mat eri al s handling processing cycle, nanua
handling may occur. In view of this

condi tion, each situation should be exan ned
for possible inprovenent. Where a known
manual handling operation exists, it should
be acconplished in an efficient manner to
preclude repetitive handling at another
stage in the material processing cycle. An
exanpl e woul d be proper
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palletizing of naterial at the receiving dock to
elinmnate repalletizing at the warehouse where the
material will be stored.

Section II. Materials utility-type handtruck is also avail able
Handl i ng Equi prent . (figs 4-1 and 4-2).
The illustrations in this part show some of
the basic MHE and MHE accessories used by
DOD Conponents. The inclusion of MHE and MHE
accessories in this section does not
precl ude the continued use or adoption of
devices with simlar purposes.

4-6. Manual Equi pnent.

a. Handtrucks. Handtrucks are useful in
all types of storage installations,
particul arly where mechani cal equi prment
cannot be enpl oyed because of space
limtations. They are often preferable to
and nore econoni cal than a piece of
mechani cal equi pnent for the novenent of a
single item The follow ng types of
handt rucks have been adopted as standard for
the mlitary services:

(1) Handtruck, warehouse, doubl e handl e-
type, two-wheel, solid-rubber tires. The
t wo- wheel handtruck consists of two handl es, Figure 4-1.  Handtruck, warchouse, double-handle type, 2-
a platformon which the load rests, and a '
pair of wheels attached to the bottom of the
framework. A bl ade extends at an angle from
the bottomof the platformto retain the
| oad, and two netal |egs are |ocated on the
top corners of the platformto hel p bear the
| oad when the truck is rested flat on the
ground. The platform may consist of flat
crossbars, which are used to handl e boxes or
crates, or curved crossbars, which are used
for barrels or drums. The truck nay be
constructed of wood or netal. The hardwood
conbi nati on, straight- and barrel-type, is
not illustrated. A nmagnesium genera

4- 4
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Figure 4-2. Handtruck, warehouse, utility.

Figure 4-3. Handtruck, platform, four wheel.

(2) Handtruck, platform four-wheel. The
four-wheel hand truck may be used to
advantage in breaking out retail issues for
bins, carrying light |oads, or for any
operation involving short hauls with
frequent stops. It may al so be used in
mul ti-story warehouses and for small -1 ot
stock picking. The truck nay be equi pped
with solid-rubber tires or steel wheels. The
solid-rubber tire-type is of the hardwood
deck, caster steer design, and has a
capacity of 2,500 pounds. The steel -whee
type is a steel deck, fifth-wheel design
and has a capacity of 6,000 pounds (figs 4-3
and 4-4).

Figure 4-4. Handtruck, steel wheels.

(3) Truck, stockpicker, multiple shelf,
solid-rubber tires. A stockpicker truck is
a handtruck used for picking stock from
retail shelves to fill orders. The storage
enpl oyee pushes the truck into the aisles
bet ween the shelves and utilizes the truck
shelves to carry the small retail issues in
cardboard containers, paper envel opes, or
tote boxes. Sone nodels are equipped with a
| adder to permt the stock picker to reach
mat erials on high shelves safely (fig 4-5).

Figure 4-5. Truck, stockpicker.

b. Pallet-type handlift truck. The pallet-
type handlift truck is available in two
di stinct designs-the hand-operated, hand-
propel l ed nodel and the el ectric-powered,
hand- operat ed nodel . The truck is equipped
with two | oad carrying forks that can be
rai sed about 4 inches to carry palletized
loads. It is used to nove pallet |oads that
do not have to be tiered and where short
hauls are required. It nay be used for the
novenent of pallet |oads in boxcars or into
trucks as
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well as for in-process novenents during

shi ppi ng and receiving operations. It works
well in conjunction with forklift trucks and
can be operated where the forklift cannot
because of space limtations. The foll ow ng
types of handlift trucks have been adopted
as standard for the nilitary services:

Figure 4-6.  Truck, lift, hand, electric, pallet-type.

(1) Truck, lift, hand, electric, pallet-
type. This nodel is used whenever the
di stance the load is to be noved, the size
of the load, the presence of grades or
inclines along the route, or other
consi derations require the use of powered
equi prent (fig 4-6).

(2) Truck, lift, hand, pallet-type. This
nodel is used whenever the operating
conditions do not require a handtruck with
the special characteristics of the powered
nmodel . It may be an advantage in the | oading
of boxcars, trucks, and aircraft (fig 4-7).

Figure 4-7.  Truck, lift, hand, pallet-type.

c. Dollies. Dollies are franes nounted
on wheels or rollers used for shifting heavy
| oads over short distances. The follow ng
three standard types of dollies are
avai | abl e:

(1) The first is the general -purpose
dolly with swivel wheels (fig 4-8). The
second type of dolly, with a capacity of
4,000 pounds, is used primarily to nove
pal l etized |l oads in and out of boxcars,
hi ghway trucks, and trailers. Also, it is
used wi thin boxcars to nove | oads to doorway
area for pick up by forklift trucks when the
car is not alongside a |oading platform(fig
4-9).

Figure 4-8.  Dolly general-purpose.

\

Figure 4-9. Dolly, pallet rollers.

(2) The advantages of the third type of
dolly are maneuverability, ease of
operation, and suitability for use on truck
and reefer floors. The wheels in the centra
portion are placed slightly |ower than the
wheel s at the ends. the wheels at the ends
are held in position by springs, which allow
themto nmove on their axles as the load is
guided to its destination. The difference in
hei ght of center and end wheels pernmits a
certain amount of rocking notion which aids
in novenent and gui dance. That is, the
tilting effect allows the dolly to turn and
the center wheels (on offset axles) prevent
the I odging of wheels in slatted floors (fig
4-10).
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Figure 4-10. Dolly, reefer car.

4-7. Lifting-Type Vehicles.

a. Stacker, wal kie. The wal kie stacker is
electrically powered and operated with a
hand throttle which controls the speed and
direction of travel. This vehicle can be
used in order picking operations for noving
crates and skids and | oadi ng and unl oadi ng
trucks. The wal ki e stacker is generally used
when a | ow cost vehicle is required for | ow
activity operations (fig 4-11).

Figure 4-11.  Truck, walkie stacker, solid rubber tires, 4,000-
pound.

b. Stock selector, counterbal anced. The
stock selector is an electrically powered
truck with a preferred height of 186 inches
and either 40- or 42-inch long forks. These
vehi cl es can operate in aisles that are only
several inches wider than the size of the
vehicle and are available with either rai
or wire guidance systenms. This truck is used
in narrow aisle high rise, high density
order picking operations. It has manua
access to either side of the aisle and may
be adapted to any guided aisle system (fig
4-12).
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Figure 4-12.  Stock selector-counterbalanced.

c. Tiering truck, electric, narrow
aisle. The tiering truck is an electric-
powered forklift truck of the straddle arm
design. The forks on this truck are | ocated
between two outriggers, or straddle arns,
that extend forward in a plane at floor
| evel parallel to that of the forks to
straddl e the pallet |oad. Because the
straddl e arms have contact with the floor
they support the elevated | oad and no
counterwei ght is required. The overal
wei ght of the tiering truck is generally
| ess than that of a conventional counter-
bal anced forklift truck of the sanme rated
capacity. The tiering truck is nore
maneuver abl e than the standard forklift

truck and can generally operate in 6-foot

ai sl es. The standard tiering truck for the
mlitary services is the electric-powered
type that has a lifting height of 100 or 130
inches (fig 4-13).
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Figure 4-13. Truck, tiering, electric, 3,000-pound.

d. Truck, reach, narrowaisle. The reach
narrow ai sle truck normally has a maxi mum
hei ght of 238 inches, a 40- or 42-inch |ong
fork, urethane tires in the front, and
rubber tires in the back. It has a 2,000- to
4, 000- pound capacity range and a turning
radi us of 61 to 85 inches dependi ng upon the
nodel . This truck can operate in 68- to 72-
inch aisles as opposed to a counterbal anced
truck which operates in a 10-foot aisle. It
can make turns in closer quarters because
the pallet can be retracted to a position
within the wheel base. It is used in narrow
aisle rack storage operations in high
density warehouses and distribution
centers. This reach truck has a fork
extensi on capability which allows
positioning the pallets in racks or on the
floor (fig 4-14).

4-9
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Figure 4~14.  Truck, reach, narrow-aisle.

e. Truck, forklift, counterbal anced. A
forklift truck is a vehicle designed to pick
up, carry, and stack unit | oads of supplies
and equi pnent. Standard forklift trucks are
available with lifting capacities from 2,000
to 20, 000 pounds and lifting heights from
100 to 210 inches. The trucks are equi pped
with telescopic nasts that permt |oads to
be lifted beyond the height of the coll apsed
mast, and nost trucks have free lift, which
is the height to which the forks can be
rai sed before the inner slides nove upward
fromthe nmast and increase the overal

4-10

hei ght. Gasoline-, propane-, and cl ean-
burni ng diesel -powered forklift trucks may
be equi pped with solid-rubber or semisolid
tires for use in warehouses or pneunatic
tires for use in outdoor storage areas.

El ectric-powered forklift trucks are

equi pped with solid-rubber or semisolid
(cushion) tires for indoor operation only.
Forklift trucks are not designed to be used
as tow vehicles and should not be used for
that purpose. Wenever a truck is equipped
with vertical only or vertical and

hori zontal controls connected to the lifting
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carriage or forks for lifting personnel, the
followi ng additional precautions will be
taken for the protection of personnel being
el evated: use of safety platformfirmy
secured to the lifting carriage and/ or
forks; means shall be provi ded whereby
personnel on the platformcan shut off power
to the truck; and protection fromfalling
obj ects, should the operating conditions
require it, will be provided. The foll ow ng
types of forklift trucks have been adopted
as standard for the nmilitary services.

(1) Truck, forklift, solid, semsolid
rubber tires, 2,000-pound, 127- or 130-inch
lift.

(a) Type of power-gasoline or electric.

(b) Load center-24 inches.

(c) Standard operating aisle-9 feet 6
inches to 11 feet with a 40-inch | oad
| engt h.

(d) Application- This is a special -
purpose light duty forklift truck designed
for use in areas where | ow overhead
cl earance requires the use of a truck with a
| ow col | apsed nast height. Al so suitable for
truck and railcar loading. This truck when
equi pped with pneumatic tires, may be used
for Iinmted outdoor storage operations with
hard standings and on snooth surfaces
with little tractive resistance (fig 4-15).

Figure 4-15. Truck, forhlift, solid, semusolid rubber, or
pneumatic tires, 2,000-pound, 130-inch lift.

(2) Truck, forklift, solid, semisolid
rubber, or pneumatic tires, 4, 000-pound,
144- to 180-inch lift.

(a) Type of power-diesel, gasoline, or
el ectric.

(b) Load center-24 inches.

(c) Standard operating aisle-12 to 14
feet with 40-inch | oad | ength.

(d) Application-Standard, nedium duty
forklift truck used in overall storage
operations. Also available with a | ow nast
for use in areas with Iimted overhead
cl earance (fig 4-16).

]

Figure 4-16. Truck, forklift, solid, semisolid rubber, or
pneumatic tires, 4,000-pound, 100- or 127- to 180-inch lift.

(3) Truck, forklift, pneumatic tires,
3, 200- pound, 144-inch lift.

(a) Type of power-electric.

(b) Load center-24 inches.

(c) Application-General -purpose nedi um
duty forklift truck for indoor or outdoor
storage operations. It has maneuverability
to operate in relatively confined storage
areas, and can operate satisfactorily on
many types of road surfaces and graded
areas, including cinders or gravel (fig 4-
17)

4-11
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Figure 4-17.  Truck, forklift (3-wheel) pneumatic tires, 3,200 pound, 144-inch Lift.

(4) Truck, forklift, solid or semsolid
rubber tires, 6,000-pound, 144- to 180-inch
lift.

(a) Type of power-diesel, gasoline, or
electric.

(b) Load center-24 inches.

(c) Standard operating aisle-13 feet 4
inches with 40-inch |oad | ength.

(d) Application-Basic, heavy-duty truck
for indoor or outdoor storage operations,
principally shipping and receiving. The
truck may al so be used to handl e and stack
loads in low ceiling areas such as vaults at
ports of enbarkation (depending on nast
hei ght). Although nast height may permt
entry into vans and railcars, the weight of
the truck and | ack of nmaneuverability mnust
be taken into consideration before the truck
is used for direct |oading or unloading. The
truck may be used to transfer heavy or bul ky
| oads fromrailcars to a tractor-trailer
train. Electric-powered forklift trucks are
recomended for use indoors (fig 4-18).

Figure 4-18. Truck, forklift, solid or semisolid rubber tires,
6,000-pound, 127- to 180-inch Lift.

(5) Truck, forklift, pneunatic tires,
6, 000 pound, 168 or 180-inch lift.
(a) Type of power-gasoline or diesel
(b) Load center-24 inches.
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(c) Standard aisle width-16 feet 8 unl oading will further reduce lifting
i nches. capacity (fig 4-20).

(d) Application. -A heavy-duty forklift
truck for outdoor storage operations. It is
used principally for |oading and unl oadi ng
flat-cars and trailers at yards, docks, and
ot her out door shipping or receiving areas.
The truck can be operated satisfactorily on
all types of road surfaces. Use of chains
mekes it possible for the truck to operate
in snow (fig 4-19).

Figure 4-20. Truck, forklift pneumatic tires, 15,000- or 20,000-
pound, 170- to 210-inch lift.

(7) Truck, forklift, pneumatic tires,
10, 000- pound, 114-inch lift, sidel oading.
(a) Type of power-gasoline or diesel
(b) Application-Standard sidel oadi ng
truck used for receiving, transporting, and
| oadi ng operations. It is used principally
to load, directly into aircraft, supplies
and equi pment prepared for delivery by
parachute. The truck can be used to handl e
pi pe, lumber, or sinmilar material up to
l engths of 65 feet. It has a turning radius
of approximately 25 feet and can travel on
Figure 4-15. Truck, forklift, pneumatic tires, 6,000-pound, varying types of snpoth surface roads up to
168- to 180-inch Uft. 30 miles per hour (fig 4-21).

(6) Truck, forklift, pneumatic tires,
15, 000- and 20, 000- pound, 100- to 210-inch
lift.

(a) Type of power-diesel.

(b) Load center-24 inches.

(c) Application-Mximum capacity truck
for outdoor storage operations. It is used
principally for |oading and unl oadi ng
oversi ze/ heavy | oads and for stacking and
relocating |large heavy materials in outdoor
storage areas. It is very often needed to

handl e | ess-t han- maxi mum CapaCi t y | oads Figure 4-21. Truck, forklift, pneumatic tires, 10,000-pound,

that, because of size or shape, require a sideloading

| oad center greater than 24 inches. This

type of truck may, for exanple, lift 15,000 (8) Truck, forklift, pneumatic tires,
pounds at 24 inches and 7,500 pounds at 40 rough terrain.

i nches. The use of fork extensions or other (a) Type of power - di esel

attachments such as a bar and hoist for (b) Load center-24 inches or 48 inches

4-13
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(c) Application. A standard rough capacities and lift heights It operates in
terrain forklift truck, available in five narrow ai sl es of 58 inches (guided) and 63
| oad capacities- 4,000, 6,000, 10,000, i nches (unguided). It can be operated in
12,000, and 16, 000 pounds, is equipped with hi gh rise narrow ai sl e rack storage areas or
high-flotation pneunatic tires for operation facilities. Trucks are also available in
on unprepared or unstabilized surfaces, over side |l oading or front to side |oading nodel s
beaches, in deep sand, or in snow, ice, or (fig 4-23).

mud. It is used primarily for |oading and
unloading flatbed trailers, landing craft,
or other simlar types of small cargo
vessels. It may al so be used for stacking

| arge, heavy | oads of equipment (fig 4-22).

Figure 4-23.  Side to-side narrow-aisle truck.

g. Cranes. Cranes are lifting devices
that are either stationary or nobile, and
may be powered to increase lifting ability.
Their use shoul d be consi dered when an
operation requires the lifting of materials
above and beyond the capability of two
wor kers. Additionally, they should be
consi dered when one person with a crane can
performa task al one.

Figure 4-22. Truck, forklift, pneumatic tires, rough terrain. ( 1) J | b Cranes. J | b Ccr anes Consi st Of a
hoi st-type lifting device nounted on a
hori zontal boom (jib). Conmon configurations
i ncl ude:

(a) Pillar supported-The jib is
attached to a self-supporting floor nounted
or floor-to-ceiling munted mast (fig 4-24).

f. Truck, front side-to-side |oader. The
front side-to-side | oader has the capability
of rotating its forks 180 degrees which
gi ves access to racks on either side of the
aisle. It is capable of transporting very
long itenms in a relatively snall aisle.
These units are available in various

4-14
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Figure 4-24. Jib crane.

(b) Mast supported-The jib is nounted
on a nmast which is supported on top and
bott om supports and pivots.

(c) Bracket-The jib is attached to the
wal | or colum by brackets.

(d) Walking-The jib is nmounted on heavy
under carri ages whi ch may nove back and forth
onrails in the floor or floor and ceiling.

(e) Interlocking-A bracket crane
designed to extend the travel of a nonorai
hoi st by connect nmg the ends of adjacent
jibs.

(2) Gantry Crane. A gantry crane
consists of a hoisting device that rides on

a horizontal beam connected to legs with
wheel s attached to the bottom Usually the
wheel s ride on floor nounted tracks.
Variations are possi bl e when one of the | egs
is replaced by a runway attached to the

buil ding or other fixed object. Gantry
cranes can be used either indoors or

out doors and can be pendarit or radio
controlled. Applications for the gantry
crane are sinilar to the bridge crane;
however, gantry cranes are nore often used
out doors because of the support legs (fig 4-
25).

4-15
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Figure 4-25. Gantry crane.

(3) Bridge Cranes. Bridge cranes are
lifting devices nounted on a bridge
consisting of one or two horizontal girders
supported at each end by trucks riding on
runways and installed at right angles on the
bri dge. The runways can be installed on
bui | di ng col unms, overhead trusses, franes,
or free standing colums. They provide three
di mensi onal travel covering any spot within
the rectangul ar area over which the bridge
nmoves. The end riding trucks can be either
top running, in which the trucks run on top
of runway tracks, or bottomrunning, in
whi ch the trucks are suspended in a | ower
flange of the runway tracks. The three
di nensi onal travel consists of horizonta
nmovenment along the length of the runway,
hori zontal novenent across the wi dth of the

4-16

bri dge, and vertical novenent provided by
the hoist. Mvenent of the [ong bridge
girders or runways can be either nmanual or
power ed. Powered nodel s can be pendant or
radio controlled fromthe floor, or, in

| arger nodel s, operator ridden (fig 4-26).
Bridge cranes are available with transfers
to pernit lifting devices to nobve into

adj acent bays. The advantages of bridge
cranes include no interference with the work
on the floor, reduced aisle space

requi renents, easy access to npbst areas
within the lifting bay, and extension to
areas outside the building. Bridge cranes
are best used in |lowto medium vol une
activities for lifting |arge, heavy, or
awkward itens.
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Figure 4-26. Bridge crane.

(4) Crane Truck. A warehouse crane truck
is a power-driven, self-propelled unit
consi sting of a boom nounted on a nobile
wheel chassis. The boom can be operated
i ndependently so that sluing and topping can
be acconplished w t hout novenent of the
chassis. Power is supplied by a gasoline
engi ne or by electric notors. Gasoline-
powered crane trucks are equi pped wth
pneumatic tires for outdoor operation and
range in capacity from6,000 to 20, 000
pounds. El ectric-powered crane trucks are
equi pped with solid-rubber tires for indoor
operation and have a capacity of 6,000 or
10, 000 pounds (fig 4-27). The warehouse
crane truck is used to lift, swing, and
| ower | oads that are too heavy or bul ky or
ot herw se unsuitable for handling by other
types of MHE. It may be used for |oading and
unl oading flatcars, flatbed trailers, or

gondol as. The warehouse crane truck is
sonetimes used to transport | oads

hori zontally for short distances when
sufficient overhead cl earance is avail able.

4-17
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4-8. Horizonta

Figure 4-27.  Crane truck, warehouse, gasoline.

Transport

Equi pnent .

a. Truck, fixed platform gasoline or
electric. The platformtruck is a
or gasol i ne-powered
vehi cl e used exclusively as a |load carrier
It may be used to supplement a forklift

nonel evating el ectric-

c. Warehouse Tractors.
tractor is an electric- or gasoline- powered
vehi cl e designed to pul
war ehouse trailers.

truck in the same manner as the tractor-
trailer train dependi ng upon the size and
wei ght of the | oad and the distance the | oad
is to be noved. In addition to transporting
supplies, the truck may be used as a
portabl e servicing unit when equi pped with
spare parts and tools or with gasoline and
oil dispensing facilities. The standard
gasol i ne- power ed nodel, equi pped with
pneumatic tires, has a |oad capacity of
4,000 or 6,000 pounds. The el ectric-powered,
usual 'y equi pped with solid-rubber tires,
has a | oad capacity of 2,000, 3,000, and
4,000 pounds.

b. Truck, burden carrier, electric,
pneumatic tires. The burden carrier is an
el ectrical truck available in three- or
f our -wheel nodels. The burden carrier has a
platformfor cargo. It has a capacity range
to 7,000 pounds and is used to transport
| oads over a |ong distance. For continuous
use, optional rollout batteries can be used
(fig 4-28).

Figure 4-28. Truck, burden carrier, electric, pneumatic tires,

A war ehouse

a train of
Gasol i ne- power ed nodel s,

equi pped with pneumatic tires, have a rated
from4,000 to 7,500 pounds.

El ectric-powered nodels with solid-rubber
tires have a rated drawbar

drawbar pul |

4, 000 pounds.
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Dr awbar

pul |,

pull of 2,000 to
which is the

notive force that the tractor can exert in
pushing or pulling loads, is nmerely a neans
of indicating tractor capability, and the
actual capacity of the tractor is nornally
far in excess of the drawbar pull rating. A
tractor with a drawbar pull of 4,000 pounds
may, for exanple, have an actual tow ng
capacity of 90
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tons; and a tractor with a drawbar pull of
7,500 pounds, may have a tow ng capacity of
200 tons. Its value to storage and

war ehousi ng, however, lies in the fact that
the tractor-trailer train, when used in
conjunction with forklift trucks, provides
for the conpl etely nechani zed | oadi ng,
transporting, stacking, and warehousi ng of
supplies. The follow ng types and sizes of
war ehouse tractors have been adopted as
standard for the nilitary services. These
tractors are, in nost cases, the lowprofile
i ndustrial type. The 7,500-pound drawbar
pul | tractor may, however, be the
agricultural type with high-flotation
pneumatic tires for operation in rough or
unpaved storage areas.

(1) Tractor, warehouse, gasoline,
pneumatic tires, 4,000-pound draw bar pull
Standard medi umduty tractor for outdoor
storage operations. It may be used in plant
yards, for hauling trailers or tow ng
airplanes fromhangars to airfields. It may
al so be used for general purpose tow ng or
pul ling at freight sheds, piers, warehouses,
or other areas. It has sufficient weight,
hor sepower, and traction to operate on
virtually all types of running surfaces (fig
4-29).

Figure 4-29. Tractor, warehouse, gasoline, pneumatic tires,
4,000-pound drawbar pull.

(2) Tractor, warehouse, gasoline,
pneunatic tires, 7,500-pound drawbar
St andard heavy-duty, gasoline-powered
tractor for outdoor storage operations. This
capacity tractor is available in two styles.
The first is the lowprofile, industria
type with conventional pneumatic tires on
the high-flotation nodel with oversize
pneumati c both drive and steering wheels.

pul | .

The second type is tires on the drive
wheels. This tractor may be used in storage
areas with rough or nuddy terrain. It has a
great er undercl earance than the |ow profile
type, but lacks its spread and
maneuverability. It is possible, however, to
use both types for tow ng heavy equi pnent or
| ar ger speci al - purpose vehicl es such as
refrigerator trailers. This may be
acconpl i shed by the use of a fifth-whee
attachnment or truck carriers (fig 4-30).

Figure 4-30. Tractor, warehouse, gasoline, pneumatic tires,
7,500-pound drawbar pull.

(3) Warehouse Trailers. A warehouse
trailer is a load-carrying platform nounted
on casters or wheels. Standard trailers are
available in a wide variety of sizes and
capacities and may be equipped with solid-
rubber or pneumatic tires. The caster-
steering type has fixed rear wheel s that
carry about two-thirds of the |oad and
caster wheels at the front through which
steering is acconplished. The caster
steering-type trailer is produced in 4,000-
and 6, 000- pound capacities, simlar to that
illustrated by figure 4-31 The fifth whee
steering type has rear wheels nounted on a
rigid axle and front wheels nounted on a
center-pivoted steering axle with drawbar
attachment. This type of trailer is
avai l abl e in capacities of 6,000 to 20,000
pounds (fig 4-32). The selection of the size
required for a specific operation nmay be
based on | oad capacity, and the nature of
the surface over which the load is to be
towed. The fifth wheel steering-type trailer
is nore suitable for heavy | oads or for
operation over rough surfaces. The caster
steering-type trailer is better suited to
i ndoor operations.

4-19
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Figure 4-31.  Trailer, platform, warehouse, 4,000- or 6,000-pound, towed by driverless tractor system.:

Figure 4-32. Trailer, platform, warehouse, 6,000-pound,
Dpneumatic tires.

d. Hoist, straddle, nobile. The nobile
straddl e hoist is a diesel-powered, four-
wheel vehicle designed to straddle, pickup,
and transport |oads of |ong and heavy
suppl i es such as pipe, lunber, and steel. It
may al so be used for handling pul pwood,
bri dge nenbers, and containers of bulk
materials such as coal, rocks, and simlar
commodi ties. The standard straddl e hoist for
the mlitary departnents has a capacity of
30, 000 pounds (fig 4-33). The hoist may al so
be optionally equipped with pallet lifting
and transporting devices.

4-20

Figure 4-33. Hoist, straddle, mobile.

e. Cargo transporter trucks.
transporter trucks are used for
intrafacility hauling of palletized
material. These trucks are equi pped with
power conveyors with up/down nmaneuverability
for |oading and unl oadi ng. The maxi mum | oad
capacity is 15,000 pounds, maxi nrum | oad
length is 21 feet, and maxi numload width is
90 inches. This is a special-purpose truck
designed for efficient intrafacility
novenent of palletized material. The
di spatch-controll ed cargo transporter is
equi pped with transceivers in each truck for
qui ck coordi nation in novenment of materi al

Car go
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f Conveyors. A conveyor, excluding nobile
units, is defined as a device to nove
material s al ong a defined path. The storage
and shiprment of units in large quantities
and materials handling depend upon each
other. Since conveyors are one of the nmjor
devices for the handling of naterials, the
task of getting the highest efficiency and
econony out of the use of conveyors involves
sel ecting the right conveyor or system of
conveyors for the job. Today, the conveyor
is recogni zed as one of the nore inportant
tools in the materials handling field. It is
a cost-saving, energy-saving, and
profitmaki ng nodern nechanism Before
sel ecting a conveyor as a purely
transporting medium the econonics invol ved
shoul d be studied. The cost of placing the
itemon, or renmoving it fromthe conveyor
may exceed the val ue gai ned through the use
of the conveyor. Gravity conveyor should be
used where practi cabl e.

Wien the anal ysis of the product
i ndi cates that for |oading and unl oadi ng
hi ghway and railway equi pnment, some type of
conveyance is required to facilitate the
operation, roller-feed gravity conveyors
shoul d be considered. Gravity conveyors are
used to advantage when | oadi ng or unl oading
smal | containers as they reduce handling and
the need for industrial trucks, thus
reduci ng detention tine. M ntenance cost
for gravity conveyors is considerably | ower
than for other nmeans of conveyance. Conveyor
speed controls rate of material delivery.
The rate at which materials arrive at the
work station can be controlled by the
conveyor speed to naxinm ze work station
out put. Wienever practicable, conveyors
shoul d be standardi zed. Conveyors shoul d be
purchased utilizing standardized
specifications to reduce the cost of repair,
the stockage of repair parts, and the cost
of mai ntenance training. Cost and repair
data shoul d be naintained and used in the
i mprovenent of specifications. \Werever
practical, conveyor |oading and unl oadi ng
shoul d be acconplished by mechani cal neans.
A basic principle of any material s handling

operation is: "Do not handle the item except
for perfornmance of essential operations.”
Mat eri al shoul d be noved nmechanically
whenever possible with enphasis on novenent
through the entire operation with nininized
manual actions. Mechani cal |oading and
unl oadi ng of material should be enphasized
(i.e., items can be noved from belt
conveyors to power and free conveyors by
automatic pickup stations). The use of
mechani cal handling aids will maxinize the
productive tinme of avail abl e manpower.
Synchroni zati on of conveyors elininates
waits at transfer points and destination
Anot her advantage of the variable speed
conveyor is that it can be set so as to tie
in with other lines of operations. Conveyor
installations nmust provide adequate
cl earances for industrial trucks. This
applies not only to the vertical plane, but
al so to the horizontal plane.

In conveyor installations, anple
cl earance shoul d be provided for industria
trucks and |l oads to be carried. The types of
conveyors listed and illustrated in this
section should be regarded as standard for
the mlitary services. Not every type in use
has been listed; however, this listing
shoul d not preclude procurenment of other
items when required in the interest of
efficient and econom cal materials handling.

(1) Conveyor, skatewheel gravity.
Skat ewheel gravity conveyor is a free-
fl owi ng, nonpowered conveyor used for |ight-
duty applications. It is available in 12,
15, 18, and 24 inch wi dths. \Wheel options
i ncl ude al um num steel, and pol yet hyl ene.
It can be used in a gravity flow system or
can be conbined with notor driven conveyors
to becone part of an integrated naterials
handl i ng system The skatewheel conveyor’s
primary application is for handling
i ghtwei ght | oads when portability is
requi red. Al nost any object having a solid,
reasonably firm conveying surface can be
transported on a skatewheel conveyor (fig 4-
34). Standard length is 10-foot sections,
but is also available in curved sections of
45 degrees.
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(2) Conveyor, roller gravity. Like the
skat ewheel gravity conveyor, the roller
gravity is a free-flow ng, nonpowered
conveyor. The gravity conveyor, however, is
a heavi er duty design. This conveyor has a

heavi er

4-22

| oad capacity and is available in

Figure 4-34. Conuveyor, skatewheel

much | arger sizes for novenent of heavy
items such as cases, crates, and pallets
(fig 4-35) Available in standard 10-f oot
sections as well as in curved sections of
and 90 degrees

45
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Figure 4-35.  Conveyor, roller gravity.

(3) Conveyor, horizontal -slider bed, conveyors are nost often used as spaci ng
belt. This box channel slider or roller devices for netering | oads onto the nain
bed-type conveyor ranges from12 1/4 to 54 sorting conveyor. Short belt sections can be
1/4 inches in width and the belt width nmounted singly or grouped between other
ranges from12 to 48 inches. The belt-type power ed conveyors or at the discharge end of
conveyor has the broadest application of any an accunul ation line. Spacing between
type of powered conveyor and is often used packages is provided by running the belt
in automatic sorting systens. Because of conveyor at a higher

nonsl i ppery conveyi ng surfaces, the belt
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speed than the infeed conveyor. The belt conveyor
is especially useful for conveying | oads such as

bagged itens which do not convey effectively on a
roll er conveyor. Inclined belt conveyors are used
when a change in elevation is required (4-36).

Figure 4-36. Conveyor, horizontal-slider bed, belt.

(4) Conveyor, gravity-extendable. The | engths of 10, 20, 30, and 40 feet. The
gravi ty-extendable conveyor has transfer gravi ty-extendabl e conveyor is used on
roll ers which connect each section of the | oadi ng docks, shipping areas, or whenever
skat ewheel conveyor. Casters allow the space is limted (fig 4-37).

movenent of this conveyor into or out of
trailers. This conveyor cones in standard
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\ s>

Figure 4-37. Conuveyor, gravity-extendable.

(5) Conveyor, live-storage. The live- installation. This conveyor is used for
storage conveyor consists of a sloping aut omat ed operations or with stacker cranes,
gravity conveyor systemin a rack. Materi al order pickers, and other automated
is fed fromthe high end of the conveyor and equi pnent. Using the |ive storage conveyor
is renoved fromthe other end. The size of of fers the advantage of an FIFO stock
the rack is determined by the need of each rotation (fig 4-38).

Figure 4-38. Conuveyor, live-storage.

(6) Conveyor, accunul ation, dual actuator. adj ustnents. The accumnul ati on conveyor
This type of conveyor is used when item of fers an economni cal met hod
accunul ation is desired. It handles a w de
range of sizes and weights w thout making
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in handling itens for work-in process, receiving,
order assenbly, and shipping operations (fig 4-39).

Figure 4-39. C

(7) Conveyor, power-driven belt,
portable. This conveyor is powered by a
gasoline engine or electric notor. Electric
nmodel s are available in 20- 35-, and 50-foot
sections. The gasoline-powered nodel s are
available in sections of 60 feet. A
tel escopi ¢ power-driven nodel is also
avai | abl e.

4-26

(8) Conveyor, vertical. The vertica
conveyor is used to connect different |evels
in a handling systemor can receive or
di scharge materials wthout an attendant,

t hereby, providing a continuous flow within
a conveyor system (fig 4-40)
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Figure 440. Conuveyor, vertical.

g. Conveyor, towine. In-floor towine
conveyors are specially designed to nove
large quantities of materials. The in-floor
towine can be installed in new and existing
single and nulti-floor structures. The cart
consists of a load platformwith two fixed
rear wheels and two front sw vel casters. A
front rack is usually included to hold
routi ng docunents and restrain the | oad. The

carts are equi pped with routing controls to
automatically activate the spur diverters.
Saf ety bunpers stop the cart when it
contacts another object. This towine
conveyor provides continuous flow of
materials to work or storage areas. Another
advantage of the towine is that it is a
fixed path of equipnent, but it does not
obstruct traffic (fig 4-41).

Figure 441 Conveyor, towline, in-floor.
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h. Automatic gui ded vehicles (AGYs). AGVs

are wire guided, electrically operated, and
can be programmed to stop at various
stations on their path. This vehicle can be
| oaded fromeither side or fromthe rear
Transportation of material can go from
medi um to long di stances. Systens can be

designed to neet requirements of users and
can vary fromclosed loop to nmultiple path
(fig 4-42). AGVYs are also available with
fork tines in lieu of platforns. These
vehicles can lift pallet |oads fromfl oor

| evel or from el evated hei ghts such as
convey ors or pallet racks.

Figure 4-42.  Automatic guided vehicles.
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forhlift truck.

Figure 443. A guided vehicl

4-9. Sortation Systens.

Sortation systens performtwo inportant
functions, directing the naterial to a
station or accunulation |ine and providing
hori zontal (and occasionally, vertical)
nmovement. The sortation could be perforned

manual | y; however, as the volunme of nateria
bei ng proces8ed increases-the profitability
of automating the sortation increases. One
exanpl e of an automatic sortation systemis
the tilt tray-type system (fig 4-44).
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Figure 444. Tilt Tray Sorting System.

4-10. WMHE Accessori es.
Nunerous attachnents are nade for MHE in
order to extend their capabilities. The
representative sanple of accessories shown
herein nust only be used as originally
desi gned and never over the |oad capacity of
t he basi ¢ MHE

a. Fork extensions. Fork extensions are
used to extend the forks of a forklift
truck. The extensions, consisting of welded
steel arnms, can be slipped into place over
the regular forks. The use of fork
extensions will permit the handling of itens
whose center of gravity is near to or beyond
the end of the forks of the avail able
forklift truck. Since the use of extensions
noves the center of gravity of the load, it
restricts the weight that can be lifted.
This factor must be taken into account when
the extensions are used to handl e
excessively large or bulky loads (fig 4-45).

]
[

Figure 445. Fork extensions.

4-30

b. Drum handling sling.
The drumhandling sling is a device for
pi cking up drunms or barrels. It was
originally designed for shipboard | oading,
but can be used with a crane truck for any
drum or barrel-handling operation. The
sling may be of the chain type, which is a
series of chain |loops and sliding hooks; or
it my be of the frame type, which is a
steel bar fromwhich a series of sling hooks
are suspended (fig 4-46).

Figure 446. Drum-handling sling.
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c. Drumhandling attachnent. The drum
handl i ng attachnent is a device capabl e of
handling filled 55-gallon drums by means of
a forklift truck. Three types of attachnents
are available. The first consists of a
series of specially shaped and spaced forks
that cradle the druns to be handled (fig 4-
47). This type of attachment handl es three
filled drunms at one time. The second type of
attachnment, which is nounted on the regul ar
truck forks, consists of side rails from
whi ch speci al ly desi gned hooks are suspended
at front and rear. The attachment is | owered
over the druns until the hooks drop into
position over the drumrins (fig 4-48). This
type of attachnent handles two filled druns
at one tinme. The third type of device is
hydraulically operated, attaches easily to
the hydraulic system of a gas- or propane-
operated forklift truck and can be easily
renoved in mnutes. The various applications
include tilting, dunping, stacking,
transporting, and lifting of 55-gallon druns
using a forklift truck (fig 4-49).

Figure 4-47. Drum-handling attachment.

Figure 448. Drum-handling attachment single-drum type,

|

vertical carry.

Figure 4-49. Drum-handling adaptor.

d. Bottom dunpi ng hopper

sel f - dunpi ng hopper
attachnent that
bul k materi al s,

4- 50)

The bottom or

is a forklift truck

is used to | oad and unl oad
or scrap (fig

smal |

parts,
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Figure 4-50. Bottom-dumping hopper.

e. Ram The ramis a solid, pole-like
device attached to a forklift truck and used
to handle coils of wire or cable, rolls of
paper, or other cylindrical or open-center
items (fig 4-51).

Figure 4-51. Ram.

4-32

f Lifting armbar. The lifting armbar is
a crane attachment used for handling wire
coils (fig 4-52).

i
[

Figure 4-52. Lifting arm bar.

g. Crane boom attachnent. Converts
forklift truck to nobile jib crane capable
of handl i ng bul ky, irregul ar-shaped obj ects,
and is a valuable aid in nmaintenance worKk.
The crane boomis raised or lowered with the
standard |ift nechanism (figs 4-53 and 4-
54).
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Figure 4-53. Crane boom attachment.

Figure 4-54. Crane boom attached to forklift truck.

h. danp. The use of hydraulically
operated clanp arns enables the fork truck
to handl e objects that cannot be palletized
satisfactorily. The clanmp arnms grip the | oad
by squeezing it between the clanp faces.
There are nunerous variations of clanmp arns
made to handl e different types of bags,
barrels, cartons, bales, and other
comodities. The cl anping pressure required
depends on the |l oad and usually is regul ated
by the operator (fig 4-55).

W

Figure 4-55. Clamp

i. Revolving carriage The revol ving
carriage is generally nmade to rotate in a
circle of 360. It is normally used in
handling granular or liquid materials that
are to be dunped from one contai ner
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into another. The carriage is designed to tools, and to permt warehouse personnel to
acconmodat e forks and other attachments (fig safely store material in high racks when
4-56) . itens cannot be stored by a forklift truck

approaching at right angles due to narrow
aisles. The entire pallet is painted yellow
and is equipped with the follow ng safety
features (fig 4-59).

Figure 4-56. Revolving carriage.

j. Retriever trailers. Retriever trailers
are used to haul forklift trucks to and from
mai nt enance shops at wi dely di spersed Frgure 4-56. Safety paltet.
activities. The single truck-type retriever
can be towed by a 4,000- or 7,500-pound
gasoline tractor (fig 457).

Figure 4-57.  Retriever trailer, single truck-type.
Figure 4-59. Features of the safety pallet.

k. Safety pallet (OSHA 1910.178). The

safety pallet (fig 4-58) is used both for snafﬁ)i?éngg?rgg?;gglgggpgs¥ent tools or
mai nt enance work and for placing materials 2) An expanded netal backguard to
into or renoving materials fromstorage. The

protect personnel from noving parts of a

safety pallet is handled the same as an fork truck

ordinary pallet except it is secured to the
fork-l1ift truck. Primarily, the safety

pallet is used to el evate personnel and 4-34
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(3) Mtered corners. for construction of the type "A" and type

(4) A handrail on background. "B" safety pallet are outlined in figure 4-

(5) Safety chains to encl ose pallet area. 62. In addition, protection fromfalling

(6) Chains for securing pallet to fork obj ects, should the operating conditions
truck. require it will be provided to protect

(7) Checkerplate flooring to prevent personnel who are being el evat ed.

sl i ppage on pallet.

There are two types of safety pallets,
type "A" and type "B." The type A safety
pallet (fig. 4-58) is large enough to
acconmodat e t he average pallet and provide
anpl e space fromwhich a person can nove
materials safely into or out of storage.
Fork extensions should be sued with type "A"
safety pallet (flg.4-60) and, notice to this
ef fect should be displayed prom nently on
the side of the pallet. The |oad carrying
capacity of a fork truck rated at 24-inch
|l oad center is reduced by approximtely 20
percent when handling | oads of 60 inches
I ong. This |ower capacity nust be considered
when using the type "A" safety pallet. The
type "B" safety pallet is simlar to type Figure 4-60.  Estension forms used with the type "A” safety
"A " but smaller and nore maneuverable in pallet
narrow ai sles, a feature which is of value |. Pallet sling. Figure 4-61 shows a
i n mai ntenance work and in the novenment of pallet sling which is used to handle a

smal|l lots of materials into and out of pal et for overhead lifting by a crane.
restricted storage areas. The specifications

4-35



TM 38—400/NAVSUP PUB 572/AFMAN 23—210 MCO 4450.14/DLAM 4145.12

Figure 4-61.  Pallet sling.
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4-11. Dock Rel ated Equi pnent.

a. Bridge plate. The bridge plate is a
nmetal plate used to span the gap and
conpensate for the difference in height
between the truck and truck dock and the
railcar and rail dock. The bridge plate
pernmits novenent of MHE in and out of trucks
and railcars. These plates are usually
equi pped with chains or recessed lifting
hooks for pickup positioning by a forklift
truck (figs. 4-63 and 4-64).

Figure 4-63. Bridge plate, chain-type.

Figure 4-64. Bridge plate, lifting hook-type.

b. Mechanically operated ranp. The
nechani cal | y operated adjustable ranp is
used at the truck dock. The ranmp is
vertically adjustable to the height of truck
floors so that novenent of MHE in and out of
trucks is permtted. These ranps are either
permanently installed in the dock or |ocated
in front of the dock (figs 4-65 and 4-66).

Figure 4-65. Mechanical ramp recessed in the loading dock.
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Figure 4-66. Mechanical ramp mounted in front of dock.

c. Flip ranmp dock board. Used for truck | oading
and unl oadi ng. This nmanual |y operated dockboard
is mounted to the front of the dock (figs 4-67 and
4-68).

Figure 4-67. Dockboard in stored position.
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Figure 4-68. Dockboard in operating position.

d. Mobile vehicle | oading ranp. Portable ranp
used for loading and unloading with forklift trucks
fromground | evel. A detachable tow bar is pro-
vided for towing (fig 4-69).

Figure 4-69. Mobile vehicle loading ramp.

e. Dock seat head pad. Dock pads are accomodate all standard size doors Qperator
designed to provide a seal between shipping/ positioning is not required. These sealers
receiving doors and carrier trucks These conserve energy and general ly inprove
pads are available in various sizes to wor ki ng conditions (fig 4-70).
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Figure 4-70. Dock seal head pad.

f Portable platform A portable platform
is used to | oad and unl oad supplies at open
sheds, open storage, or wherever cars are
bei ng worked from ground level. It can be
moved by a forklift truck and has slings for
handl i ng by crane. One type of platformis
equi pped with legs only. Another type is
equi pped with retractable | egs, wheels, and
pneumatic tires (fig 4-71).

Figure 4-71. Portable platform.

g. Bridge plate rack. The bridge plate
rack is used to store bridge plates. Severa
types nmade of wood or netal are in use (fig
4-72).

/

Figure 4-72. Bridge plate rack.

h. Car door opener. The car door opener
is used to open the doors of rail-cars. This
all ows one nan to open the car door and
consi sts of a block, pawl, ratchet, and
chain (fig 4-73).
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Figure 4-73. Car door opener, manual type

Section IlIl. Storage Aids.

4-12. Dunnage.

a. Application. Dunnage is used to permt
mechani cal handl i ng of stock and to protect
it from possible danage from waterfl ows or
danmpness nornally generated fromthe floor
or ground area. In either covered or open
storage, stock should be stored on pallets
or dunnage. Skids on boxes or crates should
be consi dered as attached dunnage for
storage purposes. Usual ly, dunnage consumnes
| ess storage cube than a pallet. Dunnage nmay
be cut from sal vaged di nensi on | unber at
little cost and, therefore, nmay be used in
lieu of a pallet when the material wll not
be handled nultiple tinmes. Miultiple
handl i ngs increase the payback of
pal | eti zati on. Dunnage shoul d be used at
floor or ground | evel and between units in
the stack when one di mension of a stable
cont ai ner exceeds the width of a fork truck.
Large boxed or crated units, crated or boxed
engi nes, and other such commpdities may be
stored efficiently on dunnage (figs 4-74 and
4-75). A supply of dunnage, cut into
appropriate I engths, should be available in
all storage areas in which portions of the
material are to be stored on dunnage.

4- 42
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Figure 4-74. Dunnage used in the stacking of asphalt melters.



TM 38- 400/ NAVSUP PUB 572/ AFNAN 23-210 MCO 4450. 14/ DLAM 4145. 12

Figure 4-75. Dunnage used in the storage of trailers.

b. Vertical dunnage. Vertical dunnage is
| unber cut slightly shorter than the overal
hei ght of the |l oad. \Wen placed the sane
di stance around the edge of the | oad or
bet ween containers in a vertical position,
vertical dunnage stabilizes the |oad and
prevents crushing of the containers by
absorbing that part of the load which is in
excess of the strength of the container.

Al so, pieces may be joined at right angles,
pl aced at the four corners of the |oad, and
held in position by strapping. The proper

I ength of vertical dunnage is deternined by
the height of the pallet |oad. The friction
of the | oads upon each pallet bottom and the
proper |lengths of vertical dunnage that wll
support the load provide the required
stability for the stack

c. Horizontal dunnage. Sone form of
hori zontal dunnage rnust be used to build
stable unit | oads of noninterlocking itemns
which will wi thstand handling, as a unit
| oad, by mechani cal equipnment. Pallets often
have been used for this purpose, by placing
one or two courses of a hard-to-stack item
on a pallet and placing the small unit | oads
into storage. In such storage, a stack 18
feet high nay contain as nmany as seven to
eight pallets. This is an inefficient use of
pall ets and greatly reduces the quantity of
stock which may be stored in a given storage
cube. By the use of horizontal dunnage,
stabl e noninterlocking itenms can be nade
into full unit |oads, w thout any measurable
increase in the size of the unit |oad due to
dunnage. Doubl e-faced corrugated fiberboard,

thin plywod, plain fiberboard, heavy
W appi ng paper, or simlar naterials nay be
used as horizontal dunnage. The type of
hori zontal dunnage to be used will depend
upon t he weight, shape, and cutting
qualities of the itemto be palletized.

d. Horizontal binder block dunnage.
Anot her type of horizontal dunnage used for
| ateral binding of palletized loads is
bi nder bl ock dunnage. This dunnage consists
of short |engths of dunnage |unber, cut to
any desired length, with short pieces of
bl ocki ng secured to each end. This dunnage
is particularly adapted to the storage of
such items as soil pipe, lengths of |arge
pipe, or sinmilar itens which require
bl ocking to prevent rolling fig 4-76). Use
of this type binder facilitates the renpva
of one or nore layers of pipe fromthe
pall et or stack at any tine by use of the
fork truck. Also, it results in safe unit
| oads and pernits hi gh stacking of this
type of item

Figure 4-76. Binder block dunnage used in the storage of pipe

e. Collars and notched spacers.

(1) Carboy collars. To stack gl ass
carboys and similarly packaged itenms, the
superi nposed wei ght of the upper pallets
nmust be supported in such a manner that the
wei ght WIIl be carried by the protective
crating around the carboy; this can be
acconpl i shed by the use of the wood coll ar
(fig 4-77). By the use of this collar
carboys can be stacked to permt maxinmm
utilization of storage cube. Since al
carboys are not identical in size or
packagi ng, the dinensions of the collar wll
have to be deternined by |ocal requirenents.
However, care should be taken to assure that
the outer edges of the collar rest directly
above the sides of the carboy crate. The
center nenber of the collar should be m dway
bet ween the carboys and securely fastened,
as this menber supports the cen-
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ter stringer of the upper pallet. In ordering collars,

t he storekeeper should remenber that a collar

not required on the top pallet.

ISOMETRIC OF WOOD COLLAR

I. FOR BULK STORAGE OF AGIO AND SIMILAR
TYPE CARBOYS.

2 COLLAR RESTS ON WOODEN BOXES, PER-
MITTING PALLETIZED CARBOYS TO 8E
STACKED THREE NI,

3. DIMENSIONS OF GOLLAR TO BE DETERMINED
BY LOCAL REQUIREMENTS,

is

NO COLLAN ON TOP TIER

WOOD COLLAR FOR PALLETIZED
STORAGE OF GLASS CARBOYS

Figure 4-77. Collars used in the storage of glass carboys.

(2) Collars for conpressed gas cylinders.
The val ves on acetylene and sinilar type
cylinders nmust be protected fromthe
superi nposed wei ght of the upper pallets;
this is acconplished by the use of wooden
collars (fig 4-78). However, since this
col I ar depends upon the cylinder (the neck

4- 44

of which has a slight slope) for support, it
is necessary that this unit be reinforced.
Al cylinders palletized in an upright
position nmust be bound with steel strapping
to stabilize the | oad and to prevent
accidental tipping of a cylinder during
transporting or stacking operations.
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OmLL HOLES (SAME
AS NAILS) N QUTSIDE 27X
SEFORE MAILING AT CORNER!

MATERIALS FOR ONE WOOO COLL AR

QuaN DESCRIPTION

4 27X 8" LUNBER, 29 12" LONG ]
] 27X 87 LUMBER TO FORM (APPROX 44"}
[] %8°x 020 STEEL STRAP, 20" LONG

FASTENED WITH 04 NAWLS
kL) Y04 WaiLS (THNEE FER JOINTY

NOTES

1| FOR ACETYLENE AND SIMILAR TYPE CYLINDERS.
2.FOR HORIZONTAL PALLETIZING OF COMPRESSED
GAS CYLINOERS, SEE RELEASE NO. 383122

a0 coLLan on
Tor fiER

grcoian

4" x 020
y @ sree staar

WOOD COLLAR FOR VERTICAL PALLETIZED
STORAGE OF COMPRESSED GAS CYLINOERS

Figure 4-78.  Wood collars for vertical palletized storage of acetylene cylinders.

(3) Notched spacers. Notched spacers
are used for the horizontal palletizing of
conpressed gas cylinders. Al so, this spacer
may be used to palletize short sections of
| arge diameter pipe or simlar itens. The
not ches are on both the top and bottom of
the dunnage (fig 4-79), which does not
reduce the strength of hardwood dunnage
bel ow accept abl e safety factor requirenents.
Not ched spacers are reconmended for snaller
di ameter cylinders. This nethod of
palletization permits the issue of single
units wi thout disturbing the balance of the
unit. Wen transporting itens palletized
in this manner, the units nust be bound to
the pallet with wire or steel strapping.

Figure 4-79. Notched spacers.

4-13. Contai ners.
a. Tote Pans.

(1) Ceneral. Tote pans are tenporary
cont ai ners for odd-shaped, small, or fragile
items built fromfiberboard, wood, netal, or
pl astic on which supplies are | oaded,
transported, or stored. They are tenporary
in nature based on the fact that they wll
not be sent outside of the storage activity
and do not provide permanent
cont ai neri zation for
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the items. They can be stackabl e, nestable,
and nodul ar to accommobdate vari ous
applications (fig 4-80).

(2) Application. Tote pans are prinmarily
used to nove the supplies froma | oose issue
operation to packing, shipping, or
mai nt enance operations. The pan’s design
enabl es the stock selector to place the bare
or packaged iteminto the pan with the stock
sel ection docunent. The pan will enable an
odd-shaped itemto glide over the rollers of
a conveyor, and is especially hel pful when
the conveyor is of the skatewheel variety.

Figure 4-80. Tote pans.

b. Pallets.

(1) Ceneral. A pallet is a low, portable
pl atform constructed of wood, netal, or
fi berboard, built to specified dinmensions,
on whi ch supplies are | oaded, transported,
or stored in units. Flat pallets are either
single faced or double faced. Single-faced
pal |l ets have one platformw th stringers
under neath on whi ch the wei ght of the |oad
rests. Doubl e-faced pallets have two
pl atforns separated by stringers. Pallets
may afford two or four-way entry. The two-
way entry pallet is so constructed that the
forks of a forklift truck may be inserted
fromeither the front or rear of the

pall ets. The four-way pallet is so
constructed that the forks of a forklift
truck nay be inserted fromany of the four
sides. Flat pallets are constructed of
ei ther softwood or hardwood. Expendabl e
pallets are four-way entry and are conposed
of either fiber-board, polystyrene, or a
combi nation of these. A box pallet is
constructed with a franmework and
crossnenbers extended up fromthe pallet
platform the front side normally being | eft
open for |oading or unloading.

(2) Application. Figures 4-81 through 4-
83 are hardwood pallets which permt
transporting, storing, or issuing of
quantities of material with a nininmm of
manual handling. Material is placed nanual ly
on the pallet at tine of receipt and remains
on the pallet for mechanical handling
t hroughout the conplete cycle of storage and
i ssue operations. The efficiency of the
operation is greatly increaaed, since the
pal l et system of storage provides for the
transportation of packaged itenms in unit
| oads and increases the volume and t onnage
of materials which may be handl ed per nan-
hour. M L-P-15011 pallets are used for NATO
shi pnents (fig 4-83). Softwood pallets, type
I, two-way, flush, and type II, two-way,
wing are intended for use in storage
operations. Type W four-way (partial) w ng
(fig 4-84) is intended for use in storage,
except where palletized naterial is
contai ned by neans of pallet support sets
and for shipnent world-w de regardl ess of
the node of transportation. The expendabl e
buckboard pallet (fig 4-85) is used for air,
CONUS, and Direct Support System shipments.
The buckboard pallet stand (fig 4-86)
facilitates the novenent of the pallet to
the shrink tunnel
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Figure 4-82. Pallet, 40 by 48 inches, wing-end, four-stringer, four-way (partial) entry, hardwood.
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Figure 4-83. MIL-P-15011, pallet, 40 by 48 inches, wing-end, nine-post, four-way entry, hardwood (used for NATO shipments).

Figure 4-84. Pallet, 40 by 48 inches, four-way (partial) wing, softwood.
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Figure 4-85. Pallet, buckboard, 40 by 48 inches, four-way entry, composed of polystyrene and fiberboard.
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Figure 4-86. Buckboard pallet stand.

c. Wre basket. The wire basket is a
storage aid used for the storage of
irregularly shaped, loose items. It is also
used to transport material and can handl e up
to 6,000 pounds, depending on the type of

basket used.

It can easily be noved by

forklift truck. The basket |egs interlock

when st acked

(fig 4-87).
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Figure 4-87. Wire basket.
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4-14. Bins.

Bins are used in small parts or |oose issue
storage areas. Bins are available in various
wi dt hs and depths to accommodate different
size materials. The standard unit is 7 feet
hi gh. Cube utilization can be inproved by
doubl e decking these units and using order
pi cker vehicles to access material (fig 4-
88).

Figure 4-88. Bins

a. Static shelving. Figure 4-88 shows
static shelving. The shel ves can be either
fixed or adjustable. O course, adjustable
shel ves provide the ecei pt of odd-shaped
itens in gondola cars.nost flexibility.

b. Drawers. |Individual drawers can
provide security for very snmall itens. The
drawers may even be fitted with special
inserts to segregate itens to ease
i nventory.

c. Cabinets. Cabinets can also be usefu
in small parts storage. The use of specia
cabi nets can provide the sane security and
segregation as a drawer for slightly |arger
itens.

4-15. Racks.

a. Pallet rack. Figure 4-89 shows the
pal l et rack which provides a support for
pallets that is independent of |ower |oads.
It is used where the material to be stored
is: not strong enough to support a
superinposed load; irregular in shape; too
smal | for bulk storage and too |arge for bin
storage; or desirable to be renoved froma
lower tier without disturbing upper tiers.
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Figure 4-89. Pallet rack.’

b. Pallet storage racks (adj ustable.)
Pall et racks can be nodified to suit a w de
vari ety of shapes and sizes of itens. The
new type storage rack as shown in figure 4-
90 has boltless connectors for the
crossbeam This type of rack is econom ca
to erect or disassenble since no tools are
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used. The distance between the crossbeans
can be adjusted to accommopbdate varying

hei ghts of material, thereby, maxim zing
cube utilization. Racks are also available
for two-deep pallet storage reach-type fork-
lifts that are used to access naterial in
this type of rack.



TM 38—400/NAVSUP PUB 572/AFMAN 23—210 MCO 4450.14/DLAM 4145.12

Figure 4-90. Adjustable pallet storage rack.

c. Rack, drive-in, drive-through. 1In a
drive-in rack, lift trucks operate within

the rack itself rather than fromthe aisles

Loads on pallets or skids are driven into
the rack and placed on support rails.
Subsequent | oads are driven in until the
rack is full. A drive-through rack has the
advant age of pernitting | oadi ng and

unl oading fromeither end. Use of the drive-
through rack is inportant in situations
where FIFO inventory is required. These
racks are designed specifically for high
density storage of palletized itens Drive-in
racks increase cube utilization by
elimnating the requirenment for working
aisles (fig 4-91).
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Figure 4-91.  Rack, drwe-in, driwe-through.

d. Rack, flowthrough. Flowthrough gravity
rack is nost widely used for order picking oper-
ations. Flowthrough racks offer the advantages of
FI FO material flow and automatic gravity feed. As
each pallet or carton is renoved fromthe flow
rack, remaining pallets or cartons advance at a
controlled rate to fill the enpty space. Increased
storage density is possible because the require-
ment for aisles is reduced (fig 4-92)

Figure 4-92. Rack, flow-through.
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e. Cantilever racks. Cantilever racks are
made of steel and are generally used for
storage of metal sheet, rod, or bar stock
These racks are al so useful for storage of
pl ywood and ot her bulky itens not favorable
for palletization. The height of a
cantilever rack is normally limted only by
the reach capability of MHE or the hei ght of
t he war ehouse. Rack specifications can be

tailored with capabilities to neet

i ndi vi dual storage requirenents. Supporting
rack colums are nornmally spaced from4 to 6
feet apart. Arns vary from2 to 4 feet in

| ength and can be adjusted vertically on the
colums to acconnodate various types of
materi al. Col ums can have arns on only one
side (single face) or on both sides (double
face) (fig 4-93).

Figure 4-93. Cantilever rack (double face).
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f Box pallets. The box pallet (fig 4-94)
is used for storage of odd-sized itens or
weak containers, which will not support a
superi nposed | oad.

Figure 4-94. Pallet, box (may be constructed using flush or
wing end-type pallet).

g. Pallet support sets. The pallet
support set is recomended for use in lieu
of the box pallet based on its flexibility
and stability. Figure 4-95 shows a support
set which is used to forma box pallet when
assenbl ed onto flat wood pallets, to all ow
for stacking of pallets containing
i rregul ar-shaped commodities that are
susceptible to crushing. Support sets are
used on standard two-way entry flush type or
four-way entry flush type or four-way entry
Wi ng-type pallets. Figure 4-96 shows the use
of support sets for tire storage. Support
sets will not be used with pallets
constructed of softwood.

Figure 4-95. Support set, stacking, materials handling pallet.
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4-16. Storage and Retrieval Systens (SRSs).

a. CGeneral. SRSs are the conposite

nmet hods, techni ques, equipnent, and

equi pnrent shelters required for handling
materials in proven, systematic, nechanized,
and aut onated ways with dedi cated functions.
These systens are varied in their conplexity
and automation. There is a direct

rel ati onshi p between the anobunt of expertise
required to operate and repair these
syst ens.

b. Application. SRSs are best suited for
continually repetitive storage operations.
Sone of these systens can be married with a
rack supported facility and can be designed
for pallet rack and bin operations.

(1) Pallet SRSs. Receives, stores, and
retrieves pallet |oads of material

(2) Bin SRSs. Recei ves, stores, and
retrieves bin-type material

(3) Carousels. Different than the bin
SRSs in that the bin nmoves either
horizontally or vertically to the operator
who selects the material (fig 4-97).

Figure 4-96. Support sets used for tire storage.
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Figure 4-97.  Rotary conveyor bins {carousel).

c. Types of SRSs. (b) Renote order picking. Loads are
(1) Material-to-man. These Systens bring brought to the aisle end by the storage and
the material to the operator. retrieval machine, routed to renote order
(a) End-of-aisle order picking. Loads pi cking stations via conveyor or other
are brought to the aisle end for order transport means, follow ng which the
pi cking and the partially picked | oad sent partially picked | oads are routed back to
back into storage (includes carousels). st or age.
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(2) Man-to-material. |In-aisle order
pi cking or pallet selection acconplished by
a storage and retrieval machine or

comput er-controll ed vehicle transporting a
person to the opening where order picking is
per f or ned.

Section IV. Selection of MRE

4-17. Ceneral Sel ection Factors.

a. The potential savings in terns of tine,
funds, and personnel resulting fromthe
selection of the right type of MHE for an
operation cannot be over enphasized. The
sel ection of costly MHE shoul d not be nade
wi t hout considering all operational factors
i ncluding the cost and suitability of
alternate types of equi pnent avail abl e.

b. Wen sel ecting equi pnent, the size,
shape, weight, and container strength of the
commodities to be handl ed shoul d be
consi dered. Exanpl es of the application of
MHE are as foll ows:

(1) Palletized supplies are handl ed by
forklift trucks, sometines in conjunction
with tractor-trailer or dragline conveyors
and war ehouse trucks.

(2) Small, uniformsized compdities or
containers are readily adaptable to
pal l etization and handling as a unit by
forklift trucks.

(3) Containers such as |arge bales,
crates, or boxes may be efficiently handl ed
and stacked by a forklift truck and use of
short dunnage or special fork attachnent.

(4) Large itens (i.e., appliances or
equi pnent packed in boxes or crates) with
cleats or runners nailed to the underside of
the container are generally adaptable to
handl i ng by forklift trucks.

(5) Cylindrical supplies with a hole
t hrough the center such as coils of wire can
be handled by a forklift truck with a ram
attachment .

(6) Heavy, bulky, and large irregularly
shaped supplies are normally handl ed by
cranes, crane attachments rigged on forklift
trucks, heavy duty forklift trucks, or side
| oading forklift trucks.

(7) sSmall, flat-surfaced packages may be
transferred in a continuous flow over
gravity or powered conveyor systens. Chutes
and slides quickly deliver snooth-surfaced
nonfragi |l e packages, sacks, and bales to
| ower |evels.

(8) Lunber, rails, etc., are handled
speedily in large unit |oads by heavy duty
pneumatic-tired forklift trucks, truck
straddle carry, or side loading forklift
trucks.

NOTE

Detail ed i nfornati on on applications for
portable MHE is found in section Il of this
chapter.

4-18. Building Construction.

a. The construction of the building used
for warehousi ng purposes shoul d be revi ewed
to deternine the type of handling equi pnent
whi ch can be used. The constructi on may
limt the amount, weight, and type of
mat eri al s which may be stored. These
limtations are inposed by the size and
strength of the structure and by certain
safety and security neasures. See chapter 6
for more information on limtations.

b. Equi prent suitable for one-leve
operations may not be suitable for
nmul til evel operations. Milti-story
operations generally are | ess econom ca
than single-story operations; therefore,
nost war ehouses built in recent years have
been single-story structures. Two exanpl es
of multistory operational restrictions are
expl ai ned bel ow.

(1) Elevators. Generally, elevators in
operation were not designed for the use of
mechani zed handl i ng equi pnent. I n many
i nstances, the dinensions and the capacity
of the elevator available will be inadequate
to take the weight of the unit | oads
commonly used plus the weight of the
equi pnent. For exanple, an electric fork
truck capable of transporting a | oad of
3,000 pounds wei ghs nearly 4 tons; when
| oadi ng an el evator with this equiprent,
this entire weight will be concentrated on
the front edge of the elevator. Unless
designed for this type of stress, even heavy
capacity elevators will be strained.

(2) Ranps. The width and grade of ranps
will be factors limting the type and size
of MHE which can be operated in the
structures. Even a slight grade will require
i ncreased power to transport | oads.
Frequently, equi pnment capable of pulling or
carrying heavy loads up inclines will be too
| arge for ordinary use in other storage
oper ati ons.

4-19. Types of MHE Power.

asoline, diesel, liquid petroleumgas, or
electric power is used to propel forklift
trucks and warehouse tractors. The follow ng
factors help to determ ne the selection of
the proper power drive:

a. Ventilation of operating area. Cosely
confined or poorly ventil ated spaces such as
upper floors of multistory buildings require
the use of electric trucks to avoid the
hazard of accumul ated carbon nonoxi de.
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b. Flamtmmabl e material. Electric-powered

fork trucks, spark-enclosed type, will be
utilized for the handling of flammable
materi al such as paint, oil, gasoline, and

fl ammabl e gas.

c. Funme absorbing naterials. Certain
commodities, particularly fresh fruits and
veget abl es, will absorb and becone tainted
by the fumes from gasoline or diese
engi nes. Electric power is required to
handl e these comodities.

d. Gasoline-and diesel-powered MHE. These
are best suited for outside applications
and, in nost cases, can provide greater
lifting, pulling, or pushing power than
el ectric-powered MHE

4-20. Forklift Truckl oad Rati ngs.

a. The fork truck pivots on the center of
the drive axle; therefore, the weight of the
| oad ahead of the front wheels nust be
counter bal anced by the weight of the truck
In accordance with the principles of
| everage, the ability of the fork truck
tolift a |l oad depends upon the | ength of
the load (the distance of its center of
gravity fromthe center of the front axle of
the truck) and the weight of the |oad. The
capacity of the fork truck is stated in
i nch-pounds, which is the rated pounds
capacity of the truck multiplied by the
di stance fromthe center of the front axle
to the center of the rated | oad sel ected by
the manufacturer. In general, trucks are
rated by pounds and the distance fromthe
heel of the forks to the center of gravity
of the rated |l oad (for instance, 4,000 I|bs
at 24-in load center). To determ ne inch-
pounds capacity, add to | oad center the
di stance fromthe center of the front axle
to the heel of the forks, which can be
obt ai ned fromthe manufacturer’s
speci fications or by neasurenent, and
multiply the sumby the rated | oad wei ght.

b. An exanple of the forklift truckl oad
ratings is as follows: Assunme a rating of
4,000 pounds at 24 inches, with a
measur enent of 15 inches fromthe heel of
the forks to the center of the front axle;
result: 4,000x(24+ 15)156, 000 i nch-pounds.
To determ ne the nmaxi num wei ght which may be
pl aced on a pallet of given size, assum ng
uni form wei ght distribution on the pallet,
add hal f the di nmension of the pallet
parallel to the forks to the distance from
the center of the front axle to the heel of
the forks and divide the suminto the inch-
pound capacity of the truck. To conplete the
exanpl e, the nmaxi num wei ght on a 40- by 48-
inch pallet is 156,000 divided by (15+20),
whi ch equal s 4, 457. However, the | oad
wei ght may not be in excess of the weight of
the rated | oad stated by the manufacturer
If the dinmensions of the pallet used,
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parallel to the forks, is less than tw ce
the rated | oad center, the rated pounds
capacity is the capacity of the truck
therefore, the maxi num |l oad would still be
4,000 pounds. Bending of the mast channels
as the load is raised, plus forward tilt
action, will reduce the capacity of el evated
| oads by as much as 25 percent. Overl oading
of fork trucks is strictly prohibited. Among
the effects of continued overl oad are danage
to lift mechanism excessive tire wear, and
strain on the truck frane.

4-21. Warehouse Tractor Load Rati ngs.

a. Warehouse tractor capacity is stated
in pounds drawbar pull, which is the notive
force exerted at the coupling. The drawbar
pul | and pushing power of the tractor is
figured on the basis of the engine torque,
drive ratio, weight, and the traction of the
tires. Although this pull is not the maximm
| oad weight the tractor will draw, since
under ideal conditions a tractor can pull a
| oad equal to 20 tines its drawbar pull, the
maxi mum normal | oad wei ght shoul d not exceed
10 tinmes the drawbar pull which will all ow
for all technical and safety factors.

(1) Tractive effort and resistance.
Tractive effort is the nmotive force
(measured in I bs) exerted at the drive
wheel s of a tractor to overcone the
resistance to notion. Tractor resistance is
the result of rolling friction between the
wheel s and the surface, expressed in pounds
per ton of gross weight of tractor. The type
of surface over which the tractor is to
travel has an inportant bearing on tractive
resi stance. The follow ng table of road
resi stance shows the conparative road
resi stance of sone of the nobre comon types
of road surfaces:

Table of Road Resistances
Type of Road Surface :gﬁfﬁ
Asphalt (hard) . 28
Brick (glazed) .. . 47
Brick {poor) ..... . 57
Brick (smeoth) . 40
ClAY oo et 200
Concrete (poured) 53
Concrete road ....... 36
Granite blocks . 86
Gravel road ... %
Ice and snow .. 40
Macadam .............. 47
Macadam (poor) .. 75
Sand (loose, 3 in d . 330
Sandroad ... . 275
Snow (hard} ... . 50
Snow (80ft) ... 66
TAIVI& oo e 47
Wood blocks ... 44
Wood planking ..........ccccoooovnenis 43
Wood planking (sticky surface) .........c...c....... 57

(2) Grade resistance. Grade resistance is the
resistance for movement on a grade, to be added
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to or subtracted fromthat required for

| evel novenent. Grade resistance anmpbunts to
20 pounds per ton of gross weight of the
tractor-trailer train and the conbi ned | oad
for each 1 percent of grade encountered. On
upgrades, the percent 1s added to the

resi stance; on down-grades, the percent is
subtracted. Percent of grade is determ ned
by the feet of vertical rise per 100

hori zontal feet. )

b. Estimating required drawbar pull. The
estimated drawbar pull in pounds and
application of tractors used by the mlitary
are as follows:

Drawbar pul I Application
2,600 pounds .... |.Inside warehouse
4,000 pounds...... .Inside and outside 7,500
pounds............ ...CQutside work, heavy

At tines, it naY be necessary to nake a
rapi d, reasonably accurate estimte of the
drawbar pull required of the notive power
unit of a tractor for the handling of | oads
on a level surface and al so on grades. The
followi ng exanple will illustrate a fairly
accurate nmethod for this estimate:

Step 1  VWhat is the drawbar pull required
for a tractor-trailer for the follow ng
conposition and conditions:

Wi ght of tractor ........... 6, 690 pounds
Weight of driver............. 170 pounds
Weight of 5 trailers at

500 tare each................ 2,500 pounds
Wei ght of net pay load ...... 16, 000 pounds
TOTAL GROSS LOAD. .. .......... 25, 360 pounds
Equals................ ...... 12.68 tons
Step 2 If the surface is |evel poured

concrete, the value fromthe table to

cal cul ate drawbar pull is 53 pounds

resi stance per ton noved. The cal cul ation
then woul d be as foll ows:

12.68 x 53 = 672 pounds
Total | oad tons Road resi st ance
= drawbar pull
) pounds per
required
ton
Step 3 If the trainis required to

travel up a 5 Eercent grade, then the road
resi stance of 53 pounds per ton would be

i ncreased by 20 pounds for each percent of
grade. The calculation for this drawbar
woul d be:

12.68 x {53 + (*20 x *5)
Total load x Level + Grade re- x  Percent
tons road sint- grade
resist- ance
ance pounds
pounds per ton
per ton per
percent
grade
OR
12.68 x 153 = 1,940 pounds
Total load tons x total = drawbar pull
regisstance requiraed
pounds per

ton

*These factors show the total grade

resi stance or rollback force in pounds per
ton for a 5 percent grade. For this
application, a tractor with a 2,600-pound
drawbar pull would be satisfactory

4-22. Special Equi pment Considerations.

a. Truck, tiering, electric (straddle-
type). This truck elimnates the _
counterwei ght and the attendant increase in
| ength by u5|nP outrlg?ers whi ch ext end
forward in a plane at floor level paralle
to the plane of the forks. The truck can
operate in 6-foot aisles; the forklift truck
requires 10-foot aisles. However, the
outrlgﬁers nust straddle the bottomtier
when the truck is positioning a pallet which
necessitates the use of single-wng ﬁallets
(i f doubl e-opening racks are used, the
bott om beam nust al | ow outrigger clearance
when using standard pallets on the rack
beans). Since it is not practicable to use
single-wing pallets for the bottomtier only
and doubl e-w ng pallets for the upper tiers,
this truck is used in pallet rack areas
mhere_5|ngle-mnng pallets only can be used.
The tiering truck 1s lighter in weight than
the conventional forklift truck which ]
pernmits its use on light construction and in
elevators of linmted capacity. The mlitary
servi ces use a 3, 000-pound capacity truck
which is available in both riding and wal ki e
type. A variation of these trucks provides
for the forks to extend by nmechani cal neans,
thus elimnating the requirenent to straddle
the pallet.

b. Warehouse crane.

(1) Usually, the Iifting and carrying
capacity of the warehouse crane is stated as
the maxi mum wei ghts which may be lifted at
various boomangles. (If the boomis.
tel escopi c, naX|nun1caﬁaC|ty i s obtained
with the boomat the shortest length.) As
the boomis |Iowered toward the horizonta
position or as its length is extended,
capaci ty decreases.

2) A load chart showi ng the capacity of
the crane under all circunstances shoul d be
visi bl e on the crane. These charts furnished
bK the manufacturer will indicate clearly
the safe load in pounds for maxi mum and
m ni mrum posi tion of the boom and for at
| east two internediate stations.

(3) If the crane has a sluing boom and
if the load is to be noved only within the
circunference of the slue, it Is not
necessary to nove the crane. The boomis
slued to the proper position and the load is
ready for placing.

(4) If the crane has a rigid boomor if
the load is to be carried farther than the
sl uing boom can reach, it is necessarg to
nove the crane. The crane should not be
noved until both the load and the
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boomare in proper position for traveling, in
order to reduce the swing of the |oad.
c. Fixed conveyor equipnent. In choosing a

conveyor system the initial cost, the length
of time it will take to pay for itself, the
cost of maintenance and operation, vol une of

itenms processed, and the type of materia
handl ed by the activity contenplating the use
of conveyor equi pnent nust be considered.
Through the use of conveyors, savings are
achi eved through the elimnation of trailer
train operation, elinination of double
handl i ng, and in various other ways. An

i ncrease in production can be realized due to
mai ntai ning work rhythm that is, work-Ioads
do not build up at any point but nove to the
next station in an even flow, reducing peaks
and valleys to the m ni num

(1) Power belt Conveyor. The powered belt
conveyor consists of an endl ess belt nounted
on a franme and driven by a head pulley
connected to a drive notor. The belt travels
over a series of rollers of a sliding bed. A
takeup to adjust belt tension is provided. A
belt conveyor can operate on inclines,
declines, or horizontal paths. The maxi mum
angle of incline on nost materials is linmted
to approximately 250. Small, semi -bul ky,
bul ky, or individual items with flat, snpoth
surfaces that do not |lend thenmselves to
pal l etizing, or tote boxes and part baskets
are transported on this type of conveyor.

I nasmuch as it is powered, this type of
conveyor may be used in conjunction with the
dead roller conveyor to transport nmateria
fromfloor level to working | evel, or noving
material to the next processing point by the
use of timng devices, deflectors, and
controls, over a distance where gravity woul d
not suffice. It can be used in single or
doubl e conbinations to forma portable
conveyor system |n addition, a telescopic
system may be used when a definite |ocation
for |l oading or unloading facilities cannot be
set up due to shapes and sizes of vehicles
transporting cargo (i.e., the conveyor could
be extended or retracted (e.g., different
types of aircraft at air freight term nals or
vari ous types of commercial trucks at

recei ving and shi ppi ng docks)). The
performance of a belt conveyor depends on the
width of the belt, the type of material used
for the belt, the supports, and horsepower of
the drive.

(2) Overhead tow ng conveyor. This
conveyor consists of an overhead rail and
chain mounted on rollers that run on the
channel ed rail. Loops are spaced as desired
along the towi ng chain for the purpose of
attaching material carriers. Wen the
carriers are ready for novenent, the carrier
is positioned onto a | oop of the nmoving chain
and the carrier noves to its predeterm ned
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destination. This conveyor is used to deliver
material in point to point processing and to
and from production lines (e.g., from
receiving to various stockroonms for storage
and from storage to packing and shi ppi ng
points). This type of conveyor conserves
floor space as it does not require as nuch
space as tractor-trailer operations. The

sel ection of this system for any operation
shoul d be primarily based on vol une of itens,
tons handl ed, or conbination of the two,

whi ch nust be great enough to justify its
installation.

(3) Sub floor conveyor. The subfl oor-type
conveyor consists of a nmoving link chain with
chain track inmbedded in the floor
Retractabl e pins or pods are nounted
vertically on the front of platformtrucks.
When the truck is ready to be transported, it
is placed over the chain and the pinis
dropped. The truck is towed forward as the
pin falls in the slot of the chain. The
subfl oor conveyor pernmits free travel of
other MHE as there are no over head
obstructions to prevent use of high mast for
trucks required for high stacking purposes.
Thi s conveyor is used for the same purpose as
the overhead tow ng conveyor (i.e., to
deliver material in point to point processing
and to and from production lines).

4-23. Mechanical Alterations.
MHE i s engi neered and guaranteed by the
manuf acturers to performspecified functions.

Mechani cal alterations to power plants,
hydraul i c systems, operating |evers, and
controls, lifting and structural menbers and

count erwei ghts may seriously affect operation
of equi pnent or endanger personnel
Alterations to MHE will not be effected prior
to approval of the appropriate mlitary
servi ce. Requests or recomendations to
effect alterations will be addressed through
normal channels and will include the
fol | owi ng:

a. Conplete details of the proposed
alterations, including such photographs,
bl ueprints, and engi neering data as nay be
necessary.

b. Reasons for the alteration

c. Anticipated inprovenents.

4-24. Safety Considerations for MRE. Chapter
VI provides overall safety guidance for
storage operations. The foll owi ng Code of
Federal Regulations (CFR), Title 29, OSHA
references are provided for specific
equi prent :

a. 1910.178-Powered I ndustrial Trucks.

b. 1910.179- Overhead and Gantry Cranes.

c. 1910.180-Craw er, Loconotive, and Truck
Cranes
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Section V. MHE
Requi rement Factors
4-25. Ceneral

bal anced operation provides for the optinum
nunber of people and MHE to acconpli 8h a
speci fi ed workl oad. Too many | aborers and
not enough equi prment will cause bottl enecks.
On the other hand, too nuch equi prent and
not enough | aborers will also cause

bottl enecks. In both cases, either people or
equi pnment will be idle part of the tinme. In
a bal anced operation, a snooth flow of work
i s acconplished and neither people nor

equi prent are idle. This section provides

basi ¢ gui dance in detern ning MHE
requirenents.

4-26. Factors Affecting Equi prent
Requi rement s

a. If all supplies noving into storage were
pal l etized | oads, squared off for stacking,
there would be little need for anything
other than a forklift truck and driver.
However, this is not always the case. Trucks
and railcars are sonetimes hand | oaded and
consequently nust be nmanual | y unl oaded.

Fi gure 4-98 represents sone other conditions
af fecting equi pment requirenents.
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VARIOUS CONDITIONS AFFECTING
EQUIPMENT REQUIREMENTS

fﬁj@_

—_— —— = —

SHORT MASTED FORKLIFT TRUCK REEF) TION
SERVICING LOW 'DOOR  HIGHWAY ER CAR OPERATION

:

i O

g
o
= /

TERRAIN AND CLIMATIC ELECTRIC TRUCKS ARE NECESS.
Al ARY

CONDITIONS FOR CERTAIN OFERATIONS

CRANE OPERATION UNLOADING STRADDLE TRUCK CARRYING A
GONDOLA CAR LOAD OF UNUSUAL SHAPE

Figure 4-98. Types of equipment that effectively serve supply operations under varying conditions.

b. Terrain features, |ocation arrangenent general headi ng of physical [ayout which
and design characteristics of buildings, i nfl uence equi pnment requirenents.

extent of open storage area, and road and
rail facilities are all elements under the
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c. Equi pment requirements are al so
i nfluenced by mission responsibilities which
determ ne the types of conmmodities handl ed
and influence the types of handling
equi pnent .

d. The nunmber of forklift trucks,
conveyors, etc., are influenced by the
wor kl oad. An increased workl oad may require
i ncreased usage and greater payload or an
increase in the equi pment fleet. A decreased
wor kl oad wi Il have the reverse effect.

4-27. Planning the Operation.

a. Effective planning should include
factors of types of material to be noved;
quantity, types and characteristics of

equi prent required; scheduling of use;
economi cal travel ranges; and tinming of the
operations. See figures 4-99 through 4-104.
b. Figures 4-99 and 4-100 represent two
exanpl es of devel opi ng bal anced operati ons.
Fi gure 4-99 depicts a nedi um di stance
"i nbetween" haul wherein two tractors and
four trailer trains keep pace with two lift
trucks. Figure 4-100 depicts a shorter hau
wherein only one tractor with three
supporting trailer trains services two |ift
trucks. Determination of requirements wll
have been nmade by conputing tinming studies
of each of the three separate parts of the
oper ati ons.

OPERATIONS BALANCE

Figure 4-99. Tractor-trailer rewarehousing operation
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Figure 4-100. Tractor-trailer shipping operation.

In a heavy vol une novenent, the assignnent
of additional lift trucks to each end of the
operations woul d encourage the possibility
of trailers remaining attached to tractors
to effect nore convenient placenent of
trailers for lift truck services. Ratio of
trailers to tractors would then be equal
one train to one tractor. Ratio of trains to
l[ift trucks would depend on the tine
consuned in the trains traveling between the
two points as conpared to the rate of
| oadi ng or discharge by the lift trucks. In
any case, the equipnent ratio adopted will
be ained to devel op maxi mum producti on of
separ ate pi eces.

c. Regardl ess of the apparent
acceptability of materials handling nethod,
the possibility of further inprovenent
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shoul d al ways be considered. As a techni que
is inmproved, the opportunities for reducing
| abor and equi pnent requirements are
proportionately enhanced. Operations should
be continually apprai sed for possible

i mprovenent. Acknow edgi ng experience to be
a factor of considerable nagnitude to a
storage operator, adoption of an attitude
such as "let’'s do it this way because we

al ways have" can only penalize the ability
to i nprove. Therefore, an open-ni nded
attitude regardi ng operational change is a
nmust. Apparent benefits in progression of
figure 4-101 are obvious. As each stage is
i npl enent ed, the conplications of operations
bal anci ng have been sinplified and the
producti on potential and operational costs
have been considerably affected.
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IMPROVING TECHNIQUES

__ 00 O

Figure 4-101. Graduated sequence of experienced operations
improvement.

Figure 102. Relative distance traveled for specific
time elements as associated with miles per hour
rates

Feet | Travel Time Expended (Seconds)
er

Miles per Hour

ec- . ' f . f
ond | 59 100" | 150" | 200" | 250

29| 173 345 517 69.0| 862
44| 114 227 | 34.1| 45.6| 57.0
59 85| 169| 254 339 424
73 68| 13.7| 205| 27.4| 342
88 571 114 170 227 282
10.3 4.9 9.7 | 146 | 194 244
i1.8 4.2 85 127 1707 21.2
13.2 38 761 114} 151 | 189
146 34 68) 1031} 137 170
16.1 31 6.2 93] 124 155
176 28 57 85§ 11.4) 142
19.1 2.6 52 78] 105} 131
206 2.4 4.8 73 971 121
22.0 2.3 4.5 6.8 9.11 114

Note. Speeds at which equipment may eperate should not
exceed those allowed under other chapters of this manual

d. Tim ng equipnent using the relationship
of distance traveled to tinme consunmed at
known travel speeds, as shown in figure 4-
102, will allow for the preplanning of a
bal ance between the facility | ayout and MHE
Fi gure 4-103 depicts an operation where: (1)
represents that tine expended i n approaching
stack fromaisle, picking up or depositing
| oad, and backing out to aisle; (2)
indicates the tinme required to travel from
stack area to dock; (3) identifies that tine
consuned in entering car and either
depositing or picking up | oad and backi ng
onto the dock; and (4) indicates the tine
expended in travel from dock back to stack
area The labor timng is divided into two
parts: (1) renoving or placing supplies on
pallets, and (2) either carrving pallets to
or fromcar, depending on type of operation
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OPERATIONS TIMING

Figure 4-103. Example timing of a bulk shipping or receiving operation.

e. In a balanced operation, all nmen and
equi pnent units are synchroni zed to an
accept abl e produci ng pace. Figure 4-104

depicts three separate equi pnent operations.

Each nust nove in balance with productive
capabilities of other units in this

hypot heti cal operation. To attain this, two
cranes are necessary to keep pace with one
straddl e truck and one Iift truck. Separate
timngs of each segnment have established
pattern of equi pnment requl renents.
Considerations in timng are: (1) the time
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expenditure for a crane to discharge a unit
| oad quantity fromthe gondola car, (2) the
time expended by a straddle truck in noving
the unit load fromthe off l[oading point to
the stacking point, and (3) the tine
required for a forklift truck to stack
supplies as deposited by a straddle truck.
Rel ated tine el ements for each of these
operations will formthe basis for equi pnent
assignnment. The illustration is intended to
depi ct one nmethod of handling a particul ar
conmodity. It is recognized that other

equi prent and/ or nethods may al so apply.
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DOES YOUR EQUIPMENT BALANCE ?

Figure 4-104. Open storage operation depicting receipt of odd-shaped items in gondola cars.

4-28. Conputing MRE Requirenents.

a. Several factors nust be considered in
determ ni ng the nunber of pieces of
equi pnent to do a particular job. The first
is the volune (e.g., pallet loads, trailer
trains, carloads, etc). The second is the
number of units of the volune carried each
trip (e.g., pieces, pounds, pallets, etc.).

The third is the average tine used to
acconplish a round trip for the equi pment.
The fourth factor is the time allotted to do
the job. Figure 4-105 shows a fornula which
can be used to nake a MHE requirenents
conput ati on.
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DETERMINING MOBILE MATERIALS
HANDLING EQUIPMENT REQUIREMENTS

FORMULA - V x T+AT =R
c

EXFLANATION:

V - Volume or size of the operation to be perfored.

C - Units of volume carried per trip (pieces, pounds, etc.) by equipment.

T - Average expended time to accomplish a complete equipment trip cycle.
AT - Allotted time to do the job.

R - Equipment requirement.

VOLUME

e

Figure 4-106. Formula to be applied in computing MHE requirements.

b. Exanple use of the formula in figure 4- of 250 feet One round trip takes 5 m nutes,
and 2 hours is the time allotted. Two

105 is shown in the follow ng situations:
(1) Storage operations require 48 pallet pallets are carried each trip.

| oads of supplies to be relocated a di stance
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R = 48 X
2

(2) In the sane operation, a requirenent ex-

5-120( ni n)

1 fork truck

ists to nove 192 pallets the sane distance in the

sane timefrane.

R = 192 X
2

5-120

(3) Arequirenent exists to relocate
4,064 pallet |oads a distance of 1,500 feet.
Tinme allotted is 3 days. Since the distance
is greater than 400 feet (max trave
di stance of fork truck), tractor trains are
required. One tractor and 4 trailers carry 8
pallets in a 20-minute round trip cycle. It
takes 5 minutes for 1 forklift truck to |oad
a train and 8 minutes to unload and stack.
Step 1

Conput er pi eces of equi pment required.
R = 4,064 pallets x 0.33 hrs (20 min)
- 24 hrs
8 pallets/train
= 7 tractors
Step 2
7 trailer trains x 5 min - 20 mn
1 trailer train
- 2 forklift trucks for | oading
Step 3
7 trailer trains x 8 - 20
1 trailer train
= 3 forklift trucks for unloading/
stacking The entire operation will take 7
tractors, 28 trailers (4 trailers per
tractor), and 5 forklift trucks with 12
operators to conplete the job in 3 days.

R = (100, 000 X
16

. 70x. 85) x4 =

4 fork trucks

4-29. Conputing Pallet Requirenents.

a. The investnent in pallets. This can be
substantial and should be based upon
definite requirenents. The standard pall et
is 40 by 48 inches. Allow ng for overhang
(roughly 25 pct), the square feet occupied
by each pallet is approximately 16 feet (4
by 4 ft). If height permts stacking 4
pallets high, 4 pallets are required for
each 16 square feet of net usable floor
space.

b. Not all space is usable. Roof
supports, aisles, nechanical equipnent
required for the building, and other
structural |osses reduce the gross space to
net usabl e space whi ch shoul d be the basis
for conputing pallets.

c. Percent of occupancy is another
consi deration. Assumi ng a goal of 85 percent
occupancy of net space is a target, the
following is an exanple of use of the
formula shown in figure 4-106
Conpute the pallet requirenents for 100, 000
gross square feet of storage space, 70
percent net usable and 85 percent occupancy
with stacking 4 pallets high.

14,875 pall et s.
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DETERMINING PALLET REQUIREMENTS

PORMULA-§_E_H=R

EXPLANATION:
8 - Net covered storage ares, in square feet used for bulk storage.
H-AmmwthMMemwmmm(m
D. feet of floor j

Sqmmw lmmbynp?:tmudetem{xndbym#wlﬁﬁﬁ
R - Quantity of pallets required.

{\

i

T

v.'

0

ODIVIDED BY

Z= b 95/

Figure 4-106. Formula for computing pallet requirements.

v

4-30. Considerations in Requirements for shoul d be utilized to the maxi num ext ent

Fi xed Equi pnent. practicable. In order to be able to conpute
a. Under certain operating conditions, requirenents for flied-type equipnent one

fixed equi pnent constitutes the nost nust be thoroughly familiar with existing

econoni cal nmeans of nmaterial novenent and types and nodel s and the conditions under
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whi ch they provide the nost efficient
mat eri al s handl i ng.

b. There is no set formula for conputing
requirenents for fixed-type equipnent. It is
the responsibility of the storage managers
to determi ne when and where the installation
of fixed equipnent will offer greater
advant age than nobile types, and the
particul ar type and characteristics which
will best performthe desired handling at
the desired speed.

c. Wiile there are no common mat hemati ca
factors applicable to conputing fixed
equi pnent requirenments, there are certain
other factors which help determ ne the
practicability of fixed equi pment
installation:

(1) Arepetitive and sonewhat continuous
flow of material to, from or through a
comon point or fixed path (i.e.
processi ng, packagi ng and packing |i nes,
bal i ng operations, segregation lines, etc.).

(2) Restricted operating space or other
condi tions which do not pernmit the
maneuvering of nobile equi pnent.

(3) The operation being performed requires
separate handling of individual units or
packages.

(4) Multifloor storage areas.

d. An area where fixed equipnent is
serving well is shown in figure 4-107. The
absence of such equi pnmrent woul d require
support from nobil e equi prent whi ch would
serve | ess satisfactorily. Fixed equipnent
of fers constant service at unvarying
capacity. In use of nobile equipnent, the
operation is dependent on the equi pnent
arriving at a balanced tine cycle. Wen
either the nobile equi pnent cycle is
interrupted or the operation flow
fluctuates, production conplications can
result.

DON'T OVERLOOK ADVANTAGES OF FIXED
EQUIPMENT

Figure 4-107.  Fixed actwe roller conveyor line serves to good advantage in package transfer.

4-31. Fl eet Managenent.

a. Definition. Fleet managenment as
di stingui shed from operational use of MiE
enconpasses overall determ nation of
gquantitative requirenents at installation
level. It analyzes fleet utilization to

deterinine effectiveness of the materials
handl i ng program renedial action, as
requi red, proper naintenance for all ME
and efficient distribu-
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tion of MHE to job sites froma centra
control point.

b. Post analysis. A post anal ysis of
requirenents and utilization by using
activities and at installation fleet
managenment levels will verify the adequacy
or inadequacy of total fleet, pinpoint
activities that constitute problemareas in
materials handling utilization, and indicate
the type of remedial action required In each
case, proper analysis will result in an
i mproved materi al s handling program a close
al i gnment of quantitative ceiling with
wor kl oad vol ume, and a fleet conpl enent
contai ning the proper ratio of equi pnent by
type and capacity necessary to acconplish
supply novenent.

c. Maintenance. Schedul ed preventive
mai nt enance, fleet popul ation sufficient for
repl acement of equi prent under goi ng
mai nt enance, and an effective program of
first echel on nmaintenance by operators wll
result in a conpact working fleet wthout
the necessity of mmintaining extra equi pment
which is in reality "excess" equipment.
Mai nt enance shoul d be perfornmed in such
manner and with such di spatch as to preclude
the growmh of a theory that "I need one
pi ece of equi prent but mnust order two due to
the possibility of breakdown." Figure 4-108
enphasi zes where the val ue of equipnent is
gai ned.

EQUIPMENT — WHERE IS IT?

Figure 4-108. Equi

that is not prod;

d. Distriubtion.

(1) I'n many operational areas, the period
of requirement for MHE service constitutes
only a small part of the day. Under such
ci rcunst ances, rather than the assignnment of
an equi pnent itemfor the full day, it is
better practice to have the equi pnent
reported as being available for use to a
central control office in order that further
profitabl e di spatch can be acconplished. The
of fice exercising control of equipnent
should nmaintain a nmeans to visibly
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is not “paying its way.” Minimize “out of use” time.

illustrate the | ocation of equi pment
currently in use as well as unassigned

equi prent avail able for inmedi ate di spatch
Such an aid for the control of equipnent by
| ocation and use activity is illustrated in
figure.4-109. Renobvabl e cards or nmmgnetic
stickers identify, by number, each piece of
equi prent and the characteristics of the

pi ece. Using units may represent any
operational breakdown nost suitable to
exercise effective fleet control
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MHE GONTROL BOARD

oo el ]
o e e
CraRRRERHEREEEEEEERREEEE
R E R
CrREEEEEHERRRREEEREE S

ErREARREEERE R
T 5 e e e e e

XX

CroEERERRRRRES
IR Y

e e 2
RN

b HEREFRER -

Figure 4-109. Typical MHE control board.

(2) Efficient control will generally
result in strategic placenment or dispersa
of equi pnent. Equi prent shoul d be noved, as
required, to satisfy operational demand as
det erm ned by workl oad conditions. Norna
di spatch of equipnent to a user is for the
acconpl i shnment of a specific job; therefore,
when the operation is conpleted, the
equi pnment shoul d becone avail abl e for other
use. However, this does not preclude the
assi gnment of equipnment, as required, to
operati ons which need equi prrent periodically
t hroughout the entire day. In each instance,
adm ni strative control of equi pnment should
remain vested in a central office
responsi ble for MiE

e. Reports and reports procedure.

(1) Wth due consideration to the fact
that MHE is a service to the operations
bei ng performed and the full potential from
each piece of equipnent cannot be expected,
a general ly acceptable nethod for anal yzing
equi pment utilization and fleet quantity is
the conversion of overall fleet activity to
hours of operation expressed as a percentage
of the utilization potential during an 8-

hour work period. Each service has published
i nstructions which represent mni mum
utilization expectations fromthe basic type
of nobile powered MHE
(2) The procedure outlined bel ow provides
a suggested neans for the conpilation and
reporting of data pertaining to the
utilization of powered MHE
(3) The agency charged with the

admi ni stration of the installation concerned
is responsible for the allocation of powered
MHE in accordance with the needs of each
installation, for providing technica
supervi sion and gui dance in equi pnent
utilization, and initiating remedial action
where appropriate. There should also be a
central office of control, designated above
installation | evel, who can-

(a) Monitor the programfor the
reporting of MHE utilization

(b) Consolidate and anal yze the data
obtained fromthe reports.

(c) Prepare a consolidated sunmmary
report of MHE utilization, as required.
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(4) Each Supply installation, in the
di scharge of assigned nmission, is
responsi bl e for obtaining maxi mrum effici ency
in the operation of MHE. To acconplish this,
conpi |l ed operating data rmust be detail ed
enough to furnish installations with
utilization records by using units and stil
allow for recapitulation of a broader scale
to furnish data to hi gher echelons. By so
doing, the information conplied can be used
at any managenent |evel and the analysis and

the application of the informati on so gai ned
wWill result in an effective materials
handl i ng program and establi shnent of
materials handling fleet quantities at a

I evel required for nornmal operations. Figure
4-110 illustrates areas of benefit. Data
shoul d be conpiled within each installation
in the office responsible for the assignnent
of equi prent from vehicle and equi pnent
operational records, and nai ntenance shop
records.

WHAT A MHE UTILIZATION REPORTING

)

SYSTEM MEANS

CONTRSUTES TO

t EFFECTIVE PROGRAM PLANNING
2 ACCURATE PROCUREMENT

3 PROPER ALLOCATION

i P NI N e

| PROSRAM EFFECTIVENESS

2 FLEET COMPOSITION

3 ADEQUATE QUANTITY

4 EFFICIENT CONTROL & OISTRIBUTION
S PLANNED NEPLACEMENT

e i Wi
SALNES
W
2 PROPER SELECTION

3 EXPERIENCE REVIEW

Figure 4-110. Value of an effective reporting system for MHE.

Section VI. On-The-job Training (QJT) Course

for Operators of ME

4-32. Purpose.

The purpose of this section is to provide

gui dance to train personnel in the
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proper

testing,

operation of MHE. The gui dance provides a
system of training,
of personnel

and |icensing
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4-33. Vision, Hearing, and Reaction Tests. testing and training device, portable (NSN
6930- 00-526-3639). If the testing equi pment
a. These tests (properly adm nistered) wll cannot be obtained through supply channel s,
ensure that operators of MIE possess at equi valent materials may be constructed
| east mininumrequirenents for a safe locally, provided they are nmade to
operation. accurately nmeasure the physica
b. Equi prent for these tests is avail able characteristics as prescribed (fig 4-111)

in the Federal supply system as driver
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REACTION TIME

Figure 4-111. Driver testing and training device.

c. The following instructions apply to the prescribed procedure. They shoul d
measuring physical abilities and suppl enent conduct a nunber of trial tests to becone
the specific instructions acconpanying the famliar with the test equi pnment.
test equi prent: (2) Prior to each test, they should

(1) Before giving any test, the expl ai n the purpose and what the examinee is
adm ni strator of the test nust know the expected to do.

pur pose of the test equi pment to be used and
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Upon conpl etion of testing, any physical
limtations of the exam nee shoul d be
expl ai ned and the conpensati ng neasures the
exani nee may take shoul d be enphasized.

d. A visual acuity test determ nes whether
t he exami nee can see well enough to operate
WVHE safely. The mnimum standard is visua
acuity correctable to 20/30 in each eye. An
i ndi vi dual whose visual acuity is 20/40, or
poorer, will be referred to the installation
medi cal exani ner for decision on whether or
not the individual’'s vision is sufficient
for operation of MHE. Persons with sight in
only one eye can operate industrial tractors
in open areas, but not in warehouses. Sight
in both eyes is required for handling
amuni ti on and expl osi ves.

e. A depth perception test, which is
optional, determ nes how well the exam nee
can judge distances. The results of this
test, if given, are used in counseling and
trai ning of the operator, although there is
no mi ni mum st andard.

f. Afield of vision test is given to
det ermi ne whet her the exam nee can see to
each side while | ooking straight ahead. A
| ateral range of 750 on each side of the
focus line is the mininum standard
acceptable. If the standard is not net, the
examinee will be referred to the
installation nmedical exam ner for
determ nation as to whether the individual’'s
lateral vision is sufficient for safe
operation of MHE. In the event an instrunent
is not available to test field of vision, a
pencil can be used in this manner: have the
person being tested | ook at an object
strai ght ahead while the exam ner, standing
besi de the person being tested and hol ding a
pencil at eye level over the right or left
shoul der, noves the pencil forward until the
person can see it out of the corner of his
eye. The angle at which the exam nee first
sights the pencil is noted. (Straight ahead
is 0 degrees.) Repeat for each eye.

g. A color perception test determ nes
whet her or not the exaninee is colorblind.
The examinee will not necessarily be
di squal i fied as an operator of MIE because
of colorblindness. However, if there is any
i ndi cation of colorblindness, the exam nee
will be given infornmation on traffic |ights,
observation of other traffic, etc., which
will enable the individual to operate MHE
safely. For those activities |lacking a
colored light signal device, this test nay
be conducted by either the colored yarn test
or color cards.

h. Areaction tinme test (eye to foot)
measur es how qui ckly an exami nee’s foot can
be nmoved in response to driving conditions.
Reaction tinme up to an including .60 second
i s acceptable.

i. A hearing test determni nes whether a
potential equi pnent operator can hear wel
enough to operate MHE safely.

(1) Wiere accurate neasuring equi pnent is
avai | abl e, the MHE operator candi date mnust
demonstrate a hearing acuity in the better
ear of 15/20 with or without a hearing aid.

(2) If neasuring equipnment is not
avai |l abl e, the potential operator nmay be
tested by deternmining if he or she can hear
conversation spoken clearly and in noderate
tone froma di stance of 20 feet.

j . Appendi x A of the Federal Personne
Manual , chapter 930, instruction 261
contains additional information on physica
standards for vehicle operators.

4-34. Physical Exami nation.

a. The physical condition of all trainees
nmust be such that, in the opinion of the
installation nmedical examiner, they are
capabl e of perforning their duties.

b. Anputees in good physical condition are
accept abl e as operators, when in the opinion
of the installation nedical exam ner, they
can performin accordance with the physica
requi renents as established by the
installation. The exami nation report wll
include a justification statenment as to why
the missing linb will not present a safety
hazard.

4-35. Instructions on Types of Equi pnent.
a. Preparation. A classroom should be

provided. Illustrations for applicable types
and nakes of equi prent shoul d be obt ai ned.
The illustrations can be of a size to be

di splayed to the entire class or may be
smaller in size and be distributed to each
trainee. These illustrations should show not
only exterior views, but also cutaway views
showi ng interior nechanisns to be described
by the instructor. OQher visual aids such as
nodel s, nmotion picture films, sound film
strips, and safety posters are extrenely
hel pf ul .

b. Discussion topi cs. O assroom
instruction should cover the follow ng:

(1) Discussion of the fork truck and its
relationship to the palletization of
material, including the placenent of
material in storage and the principles,
handl i ng nmet hods, and procedures invol ved.

(2) Discussion of the fork truck and its
uses as conpared to those of other types of
MHE (e.g., industrial tractors, tractor-
trailer trains, cranes, industrial trailers,
gravity conveyors, power-driven belt
conveyors, handtrucks, pallet trucks,
railroad cars, and other commerci al
vehi cl es) .
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(3) Discussion of the operating
perfornmance, operating parts, and the
mai nt enance program of fork trucks, both
gasoline and electric. Al differences
bet ween the types of machi nes occasi oned by
a different power source should be
enphasi zed, noting such things as:

4-80

(a) Mechanical construction, weight,
wei ght distribution and ability to carry a
| oad, turning radius and principle, pivot or
turning point, fork types, nask
construction, and operating principles.
Figure 4-112 illustrates and explains the
terns applicable to the forklift truck mast
assenbl y.
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MAST OR UPRIGHT

LIFT
CYLINDER

LOAD BACK-

REST EXTENSION

CARRIAGE

COLLAPSED
HEIGHT

|

A. THE COLLAPSED HEIGHT IS THE DIST—
ANCE FROM THE FLOOR TO THE TOP OF
THE MAST WHEN THE FORKS ARE IN
THEIR LOWEST POSITION.

OVERALL
EXTENDED
HEIGHT

C. THE QVERALL EXTENDED HEIGHT IS
THE DISTANCE FROM THE FLOOR THE
TOP OF THE LOAD BACKREST EXTENSION
WHEN THE MAST IS FULLY RAISED.

ASSEMBLY

TILT CYLINDER

MAXIMUM FORK
HEIGHT

J |

B. THE MAXIMUM FORK HEIGHT IS THE
DISTANCE FROM THE FLOOR TO THE TOP
OF THE FORKS WHEN THE MAST (5 FULLY
RAISED.

FREE LIFT
D.ER ET IS THE DISTANCE THE

FORKS MAY BE RAISED BEFORE THE
COLLAPSED MAST HEIGHT 1S INCREASED.

Figure 4-112. The mast or upright is the elevating assembly of a fork lift truck.

_ (b) Q)erayi ng parts such as gauges for
oil and gasoline, anmeter, ignition, brake,
clutch, starter, speed control, directional

travel
tilt controls.

control, steering,

boom lift,

and
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(c) Maintenance program which
i ncl udes regul ar and periodic servicing (or
battery charging), washing, lubrication
cl eani ng, the checking of tire condition and
hydraulic system (if any), and painting.

(4) An explanation of the results of
m susing fork trucks. This could include an
exhi bition of worn and broken parts to
illustrate the additional cost incurred as a
result of inproper operation of the
equi pnent. The instructor should point out
the equi pnent. The instructor should al so
poi nt out the additional dangers involved in
operating equi pnrent which has been damaged
by m suse.

(5) Review of savings effected by the
use of nechani cal equi pnent. The review
shoul d enphasi ze the saving of time in
delivering needed supplies, earlier rel ease
of railroad equi pment, saving of space by
i ncreased stacking height, and nore conpact
storing of material.

(6) Discussion of safe |oading
practices, as outlined bel ow

(a) Safe | oad. Overloading of fork
trucks is strictly prohibited. The truck
will safely lift and carry no nore than its
rated capacity. Among the dangers of
overloading are the possibility of injury to
the operator, damage to the cargo, damage to
the punp and |ift mechanism and excessive
wear on the tires, engine, or electric
not or .

(b) Determination of safe |oading. A
fork truck will tip forward if the |oad on
the forks exceeds the Iift capacity of the
truck. The manufacturer has established the
truckl oad rating (expressed in pounds of
Il oad on the fork) and the all owabl e di stance
in inches fromthe heel of the forks to the
center of gravity of the load. This distance
is known as the | oad center

(c) Pounds capacity/length of |oad.
Some manufacturers specify a nunmber of
pounds capacity with a particular |ength of
| oad. Others specify a nunmber of pounds
capacity at a given nunber of inches from
the heel of the fork. Some give an inch-
pound rating based on the distance of the
| oad center fromthe heel of the fork, while
ot hers base their inch-pound rating on the
di stance fromthe center of the load to the
center of the front axle.

(d) Uniformy distributed |oad. When
aload is uniforny di stributed
t hroughout the length (i.e., parallel to the
prongs of the fork), the center of gravity
will be located at half such |l ength. \Wen a
load is not uniformy distributed throughout
the I ength, care nmust be taken to determ ne
the distance fromthe heel of the forks to
the accurate center of gravity.
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(7) The instructor’s explanation of the
details of warehousi ng procedures shoul d
i nclude a discussion of warehouse aisle
wi dt hs, selecting and storing stock, mnethods
of palletizing and stacking, fire aisles,
al ar m boxes, and sprinkl er systens.

(8) Explanation of the appropriate OSHA
requi rements applicable to safe operations.

4-36. Fundanental Operational Instructions
for Fork Truck.

a. Preparation. One fork truck should be
provi ded for every two students. Al fork
trucks will be equi pped with over-head
guards. The area selected for training
shoul d be level, with paved surface, and
shoul d be free of other traffic.

b. Review of previous instructions.

I nstructions should include a revi ew of
previ ous classroom di scussi ons on the
various controls, preventive maintenance,
war ehousi ng procedures, stacki ng nethods,
and safety rules pertaining to the operation
of fork trucks.

c. Qperational condition of vehicle.

(1) Before using their place on the
truck, the trainees will be instructed to
check the follow ng:

(a) Gasoline.

(b) Water.

(c) al.

(d) Tires.

(e) Fire extinguisher (when truck is so
equi pped) .

(f) Security of forks.

(2) After mounting the truck, the trainee
will
check the follow ng:

(a) Horn.

(b) Parking brake and foot brake.

(c) Position of gear shift lever (should
be in neutral).

d. Instructor’s denonstration. The
instructor should denonstrate to the entire
cl ass how to operate the nmachine forward and
backward. At this point, the trainees should
be cautioned against traveling with the foot
resting on the clutch pedal ("riding the
clutch") as this results in the | oss of
tension in the clutch springs, allow ng the
clutch to slip and causi ng excessive wear.
The instructor should take particular care
to explain that forks should al ways be
rai sed just high enough for safe clearance,
yet | ow enough to permt a clear view ahead
when traveling either with or w thout a
load. If the load s size obstructs the
operator’s forward view, drive the fork
truck in reverse

e Trainee’'s practice.

(1) Basic operation. The trainee should
now drive the machine in a straight line
forward and
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backward. The next operating practice should
be circles or figure eights, perforned at
reduced speed. The instructor should closely
observe the trainees as they performthese
nmaneuvers.

(2) Qostacle course. After the trainees
have perforned the basic maneuvers, the
i nstructor should have them set up an
obstacl e course constructed of enpty
pall ets. The pallets should be placed on
edge in a straight line and so spaced as to
allow a fork truck to pass freely between
them (fig 4-113). In traveling over this
course, the fork truck weaves in and out
bet ween the pallets. Each trainee should
traverse this course until they have becomne
proficient in noving between the pallets in
free, easy curves. As each trainee perforns,
the instructor should enphasi ze the danger
of sudden stops and starts or turns with the
fork truck. Sudden starts and stops may
cause the pallet |oads to upset, thus
endangering the safety of personnel and
probably resulting in damage to the
material. Al turns should be nmade as
gradual |y as possible. Long, slow turns
all ow the operator to gauge di stances and
accurately place | oads w thout |oss of tinme.
Spotting loads in the warehouse is a
maneuver which requires extreme accuracy.
Adequate tine should be allowed for the
trainee to practice these maneuvers before
proceeding with further instructions.

™~ (

(= af= =
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Figure 4-113. Obstacle course for operator training.

(3) Operation in aisles. The next step
in the training course should be the
operation of the truck in aisles. First,
enpty pallets are arranged to form ai sl es of
a width normally used at the installation
for the size of the equi pnent used for
trai ning purposes with corners and
intersecting aisles as shown in figure 4-
114. The trai nee should operate the fork
truck up and down the aisles, both forward
and backward. If two fork trucks are
avail abl e, two trainees should performthis
operation at the sane tine, thus learning to

pass in aisles (fig 4-115). Each trainee
shoul d then practice all that has been
learned to this point. After an adequate
practice period, the instructor should nake
a careful evaluation of the performance to
date to determine which trainees are to be
elimnated, retained, or given advanced
training.

!
y
~
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Figure 4-114. Practice aisles set up with empty pallets.

Figure 4-115. Experienced operators passing in an aisle.

4-37. Advanced Training in Fork Truck
Qper at i on.

a. Load handling denmonstration. The next
period of instruction (before the trainee
operates the machine with pallets) covers
the followi ng | oad handling operations in
t he sequence given bel ow

(1) Approaching a pallet (fig 4-116).
Aimthe forks of the truck to enter between
the top and bottom boards of the pallet, at
an equal distance fromthe center stringers.
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Figure 4-116. Approaching a pallet. Forks must enter at an
equal distance from the center stringers.

(2) Inserting forks. The forks of the
truck ahould be inserted into the pallet as
far as they will go. It is inmportant that
the operator have the |l oad as close to the
heel of the fork as possible.

(3) Lifting and noving the pallet. The
trai nee ahould be instructed how to apply
the Iift control to lift the pallet fron the
floor, apply the tilt control to tilt the
mast back, and then apply the trave
controls to nove the machine forward or
backwar d

(4) Lowering the pallet. The trainee
shoul d be shown how to |l ower the pallet to
the floor and then tilt the mast to a
vertical position so that the forks can be
renoved easily.

(5) Using the nmast tilt. Denonstrate how
the tilt is used to achieve the foll ow ng:

(a) Lean the | oad agai nst the back rest
for stability during novement.

(b) Position | oaded pallets during
st acki ng.

b. Load handli ng maneuvers for trainees.

(1) Lesson one.

(a) The trainee lifts a pallet load with
the fork truck and, after making a turn
around the training area, spots the | oad on
a right angle drawn on the floor (fig 4-
117).
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Figure 4-117. In one maneuver, the trainee spots a pallet load
on a right angle drawn on the floor. This must be done with
no more than 2 inches of lost space.

One swing is all the maneuvering that is
permitted to place the |oad. The instructor
shoul d denonstrate each operation before
turning the fork truck over to the trainee
Upon conpl eti on of a nmaneuver by the
trainee, the instructor should point out
those actions that were perfornmed correctly
and make appropriate conments on those that
were not. In the problem of spotting a
pallet load at a right angle in one
maneuver, the instructor will point out that
extra backi ng and shifting causes the
greatest loss of tinme in a fork truck
operation. |f operators are trained to spot
a load on the first approach, this tine
loser will be elimnated. The one-sw ng
maneuver is acconplished by having the eye
follow the path of the drive wheel on the
inside of the turn. As the center of pivot
of the machine lies on the line forned by
the drive axle, it is obvious that the drive
wheel s are the key to the actual spotting of
the | oad. After several attenpts, each
trai nee should be able to spot a |oad on the
right angle with no nore than 2 inches of
| ost space.

(b) The next step is to spot a pallet
| oad adj acent to another. This also nmust be
performed in one swing of the nachine. The
fork truck approaches the stack (pallet | oad
on the floor) by crossing in front of the
stack rather than by approaching fromthe
opposite side toward that stack (fig 4-118).
If the stack is approached fromthe opposite
side, the pallet load will nmove away from
the stack when the fork truck is turned to
set the
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| oad down, |eaving as much as 6 inches | ost
space. By crossing in front of the stack-the
correct way-the load will travel toward the
stack with no | oss of space. It should be
observed that in this position the fork
truck is turning to straighten out the I oad.
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|
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When the fork truck turns, the back of the
truck noves to the right and the load to the
left and the | oad can be spotted directly in
line with the stack, with no | oss of space.
The test refers to truck B coning fromleft
(fig 4-118).

TRUCK APPROACHES IN
DIRECTION OF ARROW.

TRUCK STARTS TO TURN
SO THAT CORNER OF
PALLET WILL CLEAR
CORNER OF STACK AT
ANGLE.

TRUCK COMPLETES
TURN TO 90° AND
CONTINUES IN WITH
PALLET.

TRUCK POSITIONS
PALLET ON PROPER TIER
AND WITHDRAWS.

Figure 4-118. After crossing in front of the stack, the operator spots a pallet load adjacent to another

(2) Lesson two.

(a) This lesson is designed to acquai nt
the trainee with the fundanmental s of
tiering. The trainee is shown how to tier
first one pallet | oad upon another and then
pl ace a double pallet load on top of the
first two with an error of no nore than 2
inches in any direction (fig 4-119). Raising
a load into position for stacking while the
fork truck is in motion is forbidden. Such a

practice is dangerous because it obscures
the operator’s view while traveling in a
forward notion. The performance of two

si mul t aneous operations (steering and
lifting) endangers safety and limts
operating efficiency. OQperators should bring
the nachine to a stop close to the stack
before raising the load to tiering position
(fig 4-119).
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Figure 4-119. A double pallet load must be tiered with an
overhang of no more than 2 inches in any direction.

(b) The next step pertains to the
tiering of a double pallet |oad adjacent to
the stacks. This should al so be acconplished
with one swing of the truck and with an
error of not nore than 2 inches on any side.
In carrying double pallet |oads, the truck
is operated in reverse so that the operator
wi Il have an unobstructed view. A fork truck
has the sane speed in reverse notion as it
does in forward notion. At this point, the
trainee can be instructed in the proper
met hod of operating | oaded fork trucks up
and down ranps. A |oaded truck, nmoving in a
forward direction, can negotiate a slight
downward grade (not to exceed 50) safely
when the mast is tilted back. However, a
| oaded fork truck will be driven up in
forward notion and down in reverse notion on
all ranps.

(3) Lesson three.
This lesson is a continuation of the
trainee’'s practice in tiering pallet |oads.
In the previous | essons, there were no
turning radius restrictions for the
begi nner. To get the feel of the truck and
to accustomtheir eye to its travel, the
operator was allowed unlimted space for
maneuveri ng. Now, however, warehouse aisles
shoul d be sinul ated by the placenment of
pallet loads in two straight Iines. The two
stacks should be placed to forman aisle 14
feet wide. The trainee should not be
instructed to do the sane tiering done in
the previous lessons inthis limted aisle
space. As the trainee progresses, the aisle
wi dth can be reduced to the width nornmally
used at the installation.

(4) Lesson four.
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This |l esson is designed to teach pl acenent
and handling of loads in linmited spaces. The
trai nee shoul d now be ready to place a
pall et | oad between two ot her pallet |oads
with only 1/2-inch clearance on either side
of the load (fig 4-120). This is to be
acconpl i shed wi t hout stopping the fork
truck. For the first few attenpts,

addi ti onal clearance may be provided. In the
next operation, the trainee makes a sinilar
maneuver, except that they turn off a 14-
foot warehouse aisle and into another aisle
which is not nore than 4 inches w der than
the pallet |oad. Since the space is only an
inch or two wider than the pallet |oad, the
truck’s line of approach must be at a right
angle to the line of stack. Making this turn
froma 14-foot aisle requires considerable
practice; the trainee should conpletely
master this nmaneuver before going on to the
next | esson.

Figure 4-120. The trainee must be able to take a pallet load
between two other pallet loads with only Ys-inch clearance on
either side.

(5) Lesson five.
This lesson is a continuation of |esson
four. The trainee is required to back
t hrough the space between two pallet |oads
with only 1-inch cl earance on either side of
the load. It is a difficult maneuver and
nmust be performed often in warehousing
operations. The trainee nust learn that, as
the fork truck is traveling backward, they
must give equal attention to both the rear
of the machine and to the pallet |oad, which
are in opposite directions
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fromthe operator. In backing into the
space, the operator should look to the rear
to make certain that the fork truck will be

properly centered. They then | ook forward to

assure proper pallet clearance. In this
exerci se of driving between pallet |oads,
the operator of a fork truck that has the
seat on the left side should never be
concerned with the right side of the |oad
once it is certain there is sufficient

cl earance. Conversely, on trucks which the
operator drives fromthe right side of the
machi ne, attention will be given to the
right side of the pallet |oad. On seated

center control trucks, they can give
attention to either side.

(6) Lesson six.
This |l esson is designed for final
exam nation of the trainee. Standard
war ehouse conditions are sinulated as nearly
as possible in the training area and the
trainee will tier and untier a set of pallet
| oads according to the rules learned in the
previous | essons. Tiering eight pallet |oads
on a run of about 100 feet should be done in
approximately 12 mnutes before the trainee
is qualified for an operator’s permt (fig
4-121).

Figure 4-121.  Typica! floor pattern. Proper stacking procedure is shown at left. The numbers indicate the sequence in which columns
are stacked. Sequence for the removal of pailet loads is shown at right.

(7) Lesson seven.
(a) A course in railroad carl oading

will be given to those trainees selected for

these lessons. A prelinmnary to the course
shoul d be a short talk on the subject. The
trai nees then should be taken to a | oading

or unl oadi ng operation so they nmay observe

the procedure (fig 4-122). The function and
use of bridge plates should be pointed out

and the nmethod of securing and nmoving t hem
shoul d be expl ai ned.
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Figure 4-122. Loading a freight car.

(b) For practice in operation, a boxcar bef ore proceeding to an actual boxcar. After
doorway, bridge plate, and boxcar wall provi ng capabl e, the trai nee should be taken
shoul d be marked out in the practice area by to a location where they can drive in and
means of pallets (fig 4-123). The trainee out of an enpty boxcar with no | oad on the

shoul d denonstrate the ability to drive in

forks except an enpty pallet.
and out of a boxcar in the practice area

Figure 4-123.  Practice area for carloading operations.
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(c) Following this practice, the
trai nee shoul d be taught to place 40- by 48-
inch pallets for unit |oad shipnent in a
standard boxcar floor |ayout marked on the
practice area floor. Actual pallet |oads of
unbr eakabl e goods shoul d be used if possible
and a half car should be worked two tiers
high in the practice area. After the trainee
has denonstrated the ability to unload a
boxcar on the practice floor, they should
unl oad nerchandi se froman actual car in a
fairly quiet |location under the supervision
of a conpetent operator

(d) Instruction in actual car |oading
shoul d i nclude the foll ow ng:

1. Bridge plate placenent. Make
certain the bridge plate between the boxcar
and the | oading platformcannot slip or
slide. It should be securely fastened to
prevent accidents. Inspect car floors to be
sure the floor is strong enough to carry the
conmbi ned wei ght of the truck and its | oad.

2. Necessity for caution. Wen
entering or leaving the boxcar, the fork
truck operator should drive over the bridge
plate slowmy and carefully-especially when
| oadi ng. Fast operation at this point can
cause accidents and danmage. A fork truck
with two or nore speeds shoul d al ways be
operated in | ow speed when entering or
| eavi ng the boxcar with a |oad. By keeping
the truck in | ow speed, the operator will be
less likely to slip the clutch, thus
preventi ng undue wear on clutch |ining and
faci ngs. Boxcars are not always |level with
the | oading platform Sonetines they are
hi gher, sonetinmes lower. This irregularity
effects the nmethod of |oading and unl oadi ng
with the fork truck. The follow ng are
consi dered good practices:

(a) If the boxcar is |evel or higher
than the platform the operator should drive
forward into the boxcar with the | oad and
drive out backwards.

(b) If the freight car is |ower than
the unl oading platform the operator should
back in with the |oad and drive out forward.

3. Handling | oose containers. Wen
unl oadi ng | oose contai ners, the operator
shoul d place the pallet as near to the
boxcar door as possible, with fork entries
pl aced in the proper position for easy
pi ckup by the fork truck. Commpdities are
renoved fromthe doorway first and
pal |l eti zed outside of the boxcar. After a
suf ficient number of containers have been
renoved, the renmainder can be palletized on
t he boxcar floor. Again, care should be
exercised to see that the fork entries are
in the proper position. Wen containers in
the center section of the boxcar have been
renoved, the unloadi ng should continue
towards the ends of the car. Pallets can be
| oaded at each end of the boxcar

si nul taneously. |In such an operation, the
fork truck operator should take the pallets
first fromone end and then the other
alternately.

4. Handling palletized |oads. If the
| oads in the boxcar have been shi pped
pal l etized, the fork truck operator can work
directly into the car and bring out one | oad
at atine. In this type of operation, it is
soneti mes possible to have two trucks
unl oadi ng the sanme boxcar without
interfering with each ot her

5. Handling large itens. The
following is a suggested procedure for the
| oadi ng of |arge cases that have been stored
on short dunnage:

a Drive the | oaded truck into the
boxcar.

b Place the case in the desired
posi tion.

c Set the case down on a two-by-
four to permt the forks to be w thdrawn.

d Wthdraw the forks of the truck
to within about 2 inches of the edge of the
case.

e Lift slightly to withdraw the
two- by- four.

f Set the load on the floor of
the box-car and back the truck away. This
procedure is reversed for the unl oadi ng of
| arge cases from boxcars.

4-38. Fundanmental Operational Instructions
for Industrial Tractors.

a. Preparation. |n beginning the course
on the operation of industrial tractors and
tractor-trailer trains, the instructor
shoul d show the sane filmas shown for fork
trucks and nake the follow ng preparations:

(1) Provide one piece of equipnent for
every two students. The sane training area,
maze, and obstacle course, as used for
training fork truck operators can be
utilized (fig 4-112).

(2) Provide, if possible, one or nore
tractors representing each nodel used at the
activity for the appropriate periods of
instruction. If two or nore types are
equi pped with identical controls, only one
exanpl e of these types will be necessary. As
mechani cal operation of the tractor is al
that is to be explained during the
prelimnary period, it is not necessary to
have the trailers avail abl e.

(3) Point out to the trainees that
operating a tractor is sinmlar to driving an
aut onobi l e. Functions of controls and
preventive maintenance checks shoul d be
expl ained in the same nanner as for fork
trucks.

(4) Before nounting the truck, the
trainee will be instructed to check the
fol | owi ng:
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(a) Gasoline.

(b) Water.

(c) aQl.

(d) Tires.

(e) Fire extinguisher
so equi pped).

(f) Coupling.

(5) After mounting the truck, the trainee

will check the follow ng:
(a) Horn.
(b) Parking brake and foot brake.
(c) Position of gear shift |ever
(should be in neutral).

(6) Explain in detail the differences
bet ween the operation of electric-driven
tractors and gasoline-driven tractors.

b. Elenentary driving.

(1) Instructor’s denonstration
El enentary driving instructions should be
given on a four-wheel tractor. Sitting
beside the instructor on an auxiliary seat
provi ded for the purpose, the trainee
wat ches as the instructor perforns and
expl ai ns each phase of the operation. The
initial drive should include several starts
and stops. After several nmaneuvers, the
instructor will ask the trainee to tell how
to operate the controls.

(2) Training operation. After the
instructor is confident the trainees can
handl e the tractor safely, the instructor
permits themto operate it. The instructor
shoul d cl osely observe the trai nee make sol o
maneuvers around the training area. Wen the
trai nee has stopped, the instructor should
poi nt out any errors that were nade during
t he operation.

c. Cbstacle course driving.

(1) Instructor’s denopnstration. After
each trainee has satisfactorily conpl eted
the solo ride, the instructor drives over
t he obstacle course to denpnstrate the
proper nethod of maneuvering the tractor
over this course.

(2) Trainee operation. The trainee then
takes control of the tractor and drives over
the obstacle course, stopping to set up any
pal | ets knocked over. The instructor watches
closely as the trainee drives and di scusses
the good and bad points of each trainee's
operation. The trai nee should drive over the
obstacl e course as many tines as the
i nstructor thinks necessary.

(when truck is

4-39. Course in Operation of Industria
Tractor-Trailer Trains.

a. Preparation. Since the principal use
of the tractor is to haul trailers, the
instructor’s next step is to denonstrate the
operation of a tractor-trailer train. A
sufficient nunber of trailers for this

4-90

demonstrati on should be added to the
equi prent being used in the training area.
b. Elenmentary driving.

(1) Instructor’s denonstration. The
i nstructor should couple together a tractor-
trailer train of the naxi num |l ength
permitted by local activity rules. The
instructor first drives it straight forward
and then in | ong sweeping curves to
denonstrate how each trailer turns in a
smal l er radius than the one preceding it.
The instructor further denonstrate by
operating a train of appropriate |ength over
the obstacle course. Also, the instructor
shoul d operate a train in aisles established
by pallets set on edge in the training area
to show how, in naking a sharp turn, it is
necessary to veer to the right before
turning to the left and vice versa (fig 4-

124).
I ,
’ffy::]iqu :fég

Figure 4-124. Right way to turn corners with a tractor-trailer
train.

(2) Trainee operation. After the
instructor’s denonstration, each trainee
shoul d haul first one enpty trailer, then
two, and so on-adding one at a tinme unti
the maxi num nunber permitted is reached
Each trai nee should practice naneuvering a
train of the maxi mumlength permtted
repeating the maneuver practiced with the
tractor itself. That is, the trainee should
first practice starting, stopping, and
turning in a clear space first with one
trailer, and then with several. Then, they
shoul d operate the train through the nmaze
and the obstacle course.

c. Driving |loaded trains. Before
starting, the trainees should inspect each
trailer to see that it is properly |oaded. A
snooth, slow start is essential when the
tractor is pulling a |oaded trailer train.
The trai nee should be instructed to:

(1) Drive on the right side of aisle to
permit other tractors or trucks to pass.

(2) Sl ow down when approachi ng a corner
and, in turning, swing wide to allow for the
cl earance of the last trailer

(3) Stop and shift into the | owest gear
bef ore going up or down a ranp; do not shift
into a higher gear until the entire train
has cl eared the ranp.
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(4) Learn to properly position and park
the trailer train perfectly on the first
try, since the train cannot be backed into
posi tion.

(5) Always park the train at the side of
an aisle, leaving as nmuch ai sle space as
possible for other traffic.

(6) Execute a snooth, slow stop so that
the trailer | oads are not jarred.

d. Uncoupling tractor-trailer trains.
After the tractor-trailer train reaches its
destination, the tractor should not stand
idle while the trailers are being unl oaded.
I nstead, the operator should uncouple the
tractor fromthe trailers, pick up the
previously unl oaded trailer train, and
return again to pick up a | oaded train

4-40. Operational Instructions for Truck
Straddle Carry (or Gantry Trucks).

a. Prelimnary instructions. At the
begi nni ng of the course, the instructor
shoul d di splay and di scuss appropriate
illustrations of the straddle truck. Before
starting the equi pnentl the instructor
shoul d point out to the trainee the
necessity and nethod of checking gasoline,

water oil, tires, battery, parking brake and
foot brake, drive chains, positions of hoist
shoes, lights, horn, position of gear shift

| ever (should be in neutral), and position
of hoist lever (should be in neutral).

b. Instructor’s denonstration. The
i nstructor should now denpbnstrate to the
trainee how to drive forward and backward.

c. Training. The truck straddle carry

is equi pped with fourwheel steering.
Al t hough steering the truck when it is
carrying a |l ong and awkward | oad can be very
difficult, the instructor should, in the
prelinmnary instruction, nerely make certain
that the trai nee knows the operation of the
steeri ng nechani sm

d. Using the hoist. Because power to
operate the hoi st cones fromthe truck
engi ne, the engi ne nust be running while the
shoes are raised or |lowered. The hoist is
controlled by switch buttons or by a |ever,
which is noved to the "raise" or "lower"
position. An automatic cutout is provided to
rel ease the power and apply the brakes when
the load is bound in the truck or when the
shoes reach the extreme upper and | ower
positions. A booster level is provided to
furni sh additional power for the hoist when
needed. If the truck is equipped with
swi ngi ng shoes, the sw nging action may be
controlled by a separate lever or it may be
automatic with the raising and | owering of
t he shoes.

. 14/ DLAM 4145. 12

e. Training area and equi pnent. A |large
outdoor area should be used as a training
area for truck straddle carry operations.
Because the truck is designed principally as
a lunber carrier, a lunber storage yard
woul d be ideal as a training area. The only
ot her equi prent needed will be several unit
| oads of |unber, placed on bolsters in such
a way that they may be handl ed by the truck
(fig 4-125). In the handling of the | oad,
the shoes of the truck engage the ends of
these bol sters. One short and one |ong | oad
shoul d be available for use in trainng. The
trainee practices first with the short | oad
and later with the long one in order to gain
experience in maneuvering the truck under
difficult conditions.

Figure 4-125. Material handled by truck straddle carry is
usually stacked on bolsters.

f. Elenentary operation. Under the
instructor’s supervision, the trainee should
start the trucks properly and drive it
slowy around the training area. Follow ng
the instructor’s direction, the trainee
shoul d start and stop the truck, drive
forward and backward, turn left and right,
and naneuver it into various positions.

g. Training with hoist. After the trainees
performthe el enentary operations
satisfactorily, they should practice use of
the hoist. The trainees should then practice
this operation until thoroughly famliar
with the use of all the controls. They
shoul d be cautioned to abide by all safety
rul es governing the operation of truck
straddl e carry.

h. Picking up the load. Before the truck
can pick up a load, the | oad nust be
properly stacked on bol sters. This stack
must not be too high or too wide for the
truck to handle and its weight nust not
exceed the maxi mum capacity of the truck.
Be-
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fore the truck is driven over a |load, the
hoi st shoes must be swung outward. The truck
must be driven carefully over the | oad and
stopped so that the hoist shoes are m dway
al ong the sides of the | oad. Then with the
gear shift lever in neutral, the hoist shoes
are swung into contact with the bol sters on
which the load is tacked and the hoist is
engaged. (If the swing of the shoes is
automatic with the hoist, or if the truck
has rigid shoes, the engagenent of the hoist
will raise the load.) If necessary, the
booster lever is used to assist in raising

t he | oad.

i. Mwving the load. Wen the load is
securely in position, the truck nay be noved
ei ther forward or backward, as desired. Wen
the load is to be carried a considerable
di stance, the truck should be driven
forward. The truck nust be driven only over
solid ground. Hitting an obstruction may
spill the load or seriously danage the
truck. Atruck caring a | oad which extends
ahead or behind the truck may be difficult
for the trainee to maneuver. For this
reason, the trainee should first practice
nmoving relatively short |oads. Al so, the new
operat or nmust be cautioned not to stop the
truck abruptly. A sudden stop can cause the
|load to slide out fromthe carriage and
result in serious accidents.

j. Placing the load. The trainee should
next practice placing the load in various
positions designated by the instructor. The
truck nust be at full stop before the | oad
is spotted. Loads nust never be dropped to
the ground, but nust be | owered gradually
under power. If the truck is equipped with
sSwi ngi ng shoes which do not sw ng out
automatically as the hoist is |owered, the
shoes nust be swung outward before driving
away fromthe |oad. The trai nee nmust avoid
placing the load in such a position that
they cannot drive the truck away fromit. As
an illustration, a carel ess operator may
maneuver the truck into a limted space,
| ower the load, and then find that they
cannot back the truck far enough to turn it
and drive away.

k. Special handling jobs. The training
shoul d be conpleted with practice in
handling the truck for special jobs and
under unusual circunstances that m ght be
encountered. |If extrenely |ong pieces of
| unber are occasionally carried by the
truck, or if it nust, at tines, operate in
unusual ly restricted areas, trainees should
practice operation under these difficulties
and understand the probl ens and dangers
i nvol ved.

4-41. Operating Rule.

4-92
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During training sessions, operating rules
applicable to individual types of equipnment
shoul d be stressed. The operating rules
listed in this paragraph are exanpl es of
typical rules

a. Al equipnent. The follow ng operating
rules are applicable to all ME

(1) No truck or tractor can be safer than
the person who is operating it. For this
reason, only authorized, properly trained
and |icensed persons will be permitted to
operate industrial trucks and tractors.

(2) As soon as the operators go on duty,
they should check the condition of the
equi pnment. Operators will be required to
i nspect the brakes, steering apparatus,
horn, oil, gas, and water. Defects noted
shoul d be reported imediately to the
supervi sor. The operator will have authority
to reftise to nove an inproperly | oaded
truck or tractor or one which is not in safe
mechani cal condition

(3) Insofar as practicable, each operator
shoul d be assigned to a specific truck or
tractor and should be held responsible for
it. No equipnent will be operated by anyone
other than the person to whomit is
assi gned.

(4) Operators will not permt their
equi pnent to be operated by unauthorized,
unl i censed personnel

(5) No engine will be left running while
the operator is off the truck or tractor or
when the vehicle is parked within a
bui | di ng. The engi ne shoul d al ways be
stopped and t he hand brake set.

(6) Equiprent will always be taken out of
the building to obtain gasoline. Under no
circunmstances is it pernissible to refue
gasol i ne-driven vehicles inside warehouses.
During the refueling operation, snoking is
prohibited in the area.

(7) Gasoline tanks will not be filled
whil e the engine is running.

(8) Before restarting an engi ne, al
spilled gasoline will be cleaned up.

(9) A fire extinguisher nust be on hand
when operators are filling gasoline tanks.
Al'l operators should know how to use a fire
exti ngui sher.

(10) At the outset, all loads to be noved
wi |l be inspected. The operator should not
overl oad; should not nove a questionabl e
| oad; should avoid carying | oose nateri al
and shoul d refuse to nove unsafe | oads.

(11) Each operator nust know the | oad
capacity of his machine.

(12) Each operator nust ensure that the
load is well balanced before noving.

(13) Speeding, stunt driving, and
"horseplay" will not be permitted.
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(14) Operators nust keep three truck or
tractor | engths behind other vehicles.

(15) Speed in warehouses will not exceed
5 mles per hour.

(16) Feet must be kept inside the running
line of a truck or tractor

(17) Operators nust drive to the right
whenever possi bl e.

(18) They nust slow down at cross aisles
and intersections and sound the horn or gong
bef ore proceedi ng. When vision is obstructed
by doors, corners, and el evators, the horn
or gong rust be sounded.

(19) Operators nust come to a stop and
sound horn at exits.

(20) Operators should sound horn when
approachi ng pedestrians, but should not use
the horn unnecessarily. The horn shoul d be
sounded only as a signal

(21) Operators should not start, stop, or
turn trucks suddenly.

(22) They shoul d approach el evators at a
right angle; stop 5 or nore feet fromthe
el evator gate and wait for a signal fromthe
el evat or operator before entering. Hands and
feet must be kept away fromthe controls
when on the el evator.

(23) Operators should face in the
direction in which they are traveling and
shoul d never back up without first facing in
that direction.

(24) They shoul d sl ow down on wet or
slippery floors; and

(25) Avoid bunping into objects,
especi ally in backing;

(26) They should never park on railroad
tracks or in no parking areas.

(27) Operators nust not use the reverse
control for brake or run the battery beyond
its rated capacity.

(28) They should not spin the wheels or
race the engine;

(29) Ride or slip the clutch

(30) Operators should al ways keep the
machi ne cl ean

(31) They should not drive with wet or
greasy hands.

(32) Pushing one piece of nachinery with
another in order to get it started is
strictly prohibited, except under the
direction and in the presence of the
supervi sor.

(33) Operators should never attenpt to
enter a building through a partially opened
door. The door will be fully opened before
proceedi ng.

(34) Railcars will not be pushed or
pulled with MVHE except rail car-nounted

cranes or other equi prent designated for
thi s purpose.

(35) Push pole. will not be used to nove
or place materials or objects of any kind.
Approved devi ces adopted by the activity for
use in materials handling by industrial
tractors are exenpt fromthis rule.

b. Fork trucks. The follow ng operating
rules are applicable to fork trucks:

(1) Operators will not fix or adjust any
mechani cal parts. This rule may be nodified
at installations where no repairman is
enpl oyed and where a specific operator is
known to have conpetence to rmake m nor
adjustnents. If a fork truck is not running
properly, the supervisor should be called
i mredi atel y.

(2) Check the security of overhead safety
guard and back rest.

(3) Never use the fork truck to carry
| oads for which it is not intended; use the
right truck for the job

(4) No passengers will be allowed on fork
trucks.

(5) It is not permissible for anyone to
"ride" the | oad being handled by a fork
truck. This includes "riding" a |oad being
raised or lowered. |If a person nust be
lifted to reach stock or material, they wll
stand on a safety pallet (equipped with
guard rails) placed on the forks; the
supervi sor must give the order and assune
responsi bility.

(6) Rest forks on the ground or floor
when the nachine is not in use.

(7) When going down a grade or ranmp with
a | oad, back down; go forward up a grade or
ranp.

(8) Wien traveling enpty or | oaded, be
sure that the forks are raised just high
enough to avoid any obstructions on the
floor, yet low enough to pernit a clear view
ahead. Mast should be tilted backward.

(9) No counterweighting of the fork truck
to increase lifting capacity will be
pernmitted.

(10) Forks should al ways be the sane
di stance fromthe center of the supporting
crossbar.

(11) Check the | oad before noving or
l[ifting to make sure that no nmaterial wll
fall

(12) Bal ance the load and tilt the nast
backward to prevent tipping.

(13) Never pernit anyone to stand under
suspended | oads.

(14) watch out for others; make sure that
all is clear before setting down a | oad.
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c Industrial tractors. The follow ng
operating rules are applicable to industria
tractors:

(1) Weaving the train is dangerous and
will not be permitted.

(2) Operors nmust not attenpt to hau
excessi ve | oads that cause wheel slippage
and | oss of traction. Also, operators wll
ensure that |oads are secure.

(3) When negotiating a turn into a road
or aisle, allow sufficient time to get into
position to make the turn and allow for
proper clearance of the last trailer

(4) Operators and supervisors should
limt the height of the load on the first
trailer behind the tractor. The height wll
not obstruct the rear view of the operator
nor create a hazard to the operator in the
event material accidentally shifts or falls.

(5) When a permanent passenger seat is
provi ded, one passenger may be carried. No
person will be allowed to occupy a tenporary
seat or ride on any part of the machine.

(6) No person will be permitted to ride
on the trailer train to hold the load in
pl ace.

d. Trucks straddle carry. The follow ng
operating rules are applicable to trucks,
straddl e carry:

(1) Carry the hoist shoes up to avoid
striking any obstruction when the truck is
not | oaded.

(2) Drive only on solid ground.

(3) Drive cautiously at all times because
of limted visibility directly in front of
and to the right of the truck.

(4) Avoid sudden stops, especially when
the truck is | oaded.

4-42. Exami nations for Fork Trucks.

a. The followi ng tests should be included
in the operational exam nation for fork
truck trainees:

Test 1. Acircle with a 16-foot, 3-inch
radius is nade by placing pallets spaced 4
feet, 6 inches apart (fig 4-126). The
trainee travels the circle twice with forks
| onered and enpty, weaving between pallets,
first going forward, then backward. One
poi nt should be deducted for each pall et
di spl aced. For a perfect operation, the
trainee is credited 10 points.

-__.” .

Figure 4-126. In this operational test, the trainee weaves in
and out between pallets in a circle having 16-foot, 3-inch radius.

Test 2. In this part of the exam nation,
the trainee picks up pallet |oads one at a
time fromthe supply area and places themin
arowalong a line drawn on the floor. On
conpletion of this operation, they return
the | ocads to the supply area. A possible
score of 16 points is based on the trainee's
ability to maneuver the fork truck properly
and place pallet loads in a neat nanner.

Test 3. The trainee is required to
maneuver through a congested area sinmlar to
that shown in figure 4-127. They operate
forward and backward through this maze of
pallets. One point is deducted for each
pal l et displaced. Total possible score is 14
poi nts.
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Figure 4-127.  Prospective operators maneuver through a maze
of pallets.

Test 4 An aisle 52 inches w de and 40
feet long, constructed of enpty pallets set
on end, is set up in the training area (fig
4-128). The trainee is instructed to trave
the entire length of the aisle with a | oaded
pallet, then set the | oad down, back
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the truck up about 30 feet, nove forward,
pick up the | oad, and back out the entire

I ength of the aisle. Two points are deducted
for each pallet displaced. Total possible
score is 10 points.

40’

AT |
]

Figure 4-128. An aisle constructed of empty pallets set up in
the training area.

Test 5 This test consists of placing two
pallets with cylinders in a sinmulated boxcar
made of enpty pallets. The pallets to be
used will have a plywood top, on the center
of which is painted a circle 10 inches in
diameter (fig 4-129). The trainee is
instructed to place both pallets side-by-
side in the car w thout disturbing the
si mul at ed boxcar or overturning the
cylinders. If pallets walls are m spl aced or
cylinders toppled, the operator nust first
right themand then proceed with the test.
Two points are deducted for each pallet
di spl aced or cylinder toppled. Tota
possi bl e score is 10 points.

Figure 4-129. Another test consists of placing two pallets with
cylinders in a simulated boxcar.

Test 6 In this operation, the trainee
will store |oaded pallets in two tiers,
three pallet |oads high The trainee is
required to drive in at either end of the
storage area and place pallets on right
angle lines No instructions other than the
rem nder to tier according to previous
trai ning should be given. Two points should
be deducted for each pallet placed nore than
2 inches out of line. Total possible points
is 20 points.

Test 7 This test, to be devised by the
instructor, should be designed to sunmarize
the operator’s ability, care, safe
operation, and efficiency in maneuvering the
fork truck about the training area. the tine
el ement shoul d be considered an i nportant
factor in the test. If the trainee consunes
an excessive ampunt of time in nmaneuvering
properly, they should be graded accordingly.
Total possible score is 20 points.

b. Witten tests adaptable to particul ar
types of operation nay be devel oped as
deenmed appropriate by the service/agency
concerned. The follow ng score sheet can be
set up for grading the trainee on the
oper ati onal exam nation
TEST 1-10%

Pal | et s di spl aced:

Forward..................... ( ) 0.5
Reverse..................... () 0.5
TEST 2-16%
Pallets out of line........... () 2.0
| nproper approach to place pal
let. . . ( ) 0.5
| nproper direction to renove
pallet...................... ( ) 0.5
Excess backing, etc........... () 2.0
TEST 3-14%
Pallets displaced............. ( ) 1.0
Encounters difficulty......... ( ) 4.0

TEST 4-10%
Pal | et s di spl aced

Forward . () 2.0
Rever se () 2.0
TEST 5-10%
Pal | et s di spl aced ( ) 2.0
Cyli nder toppled ( ) 2.0
TEST 6-20%
| mproper approach............. () 0.5
| mproper leaving............... ( ) 0.5
Quality of storage............. ( ) 10.00
Cost lost...................... ( ) 2.0
Forward=high load.............. ( ) 2.0
TEST 7-20%
Poor starting technique —  ........ 1.0
Poor driving position ..., 1.0
Rides clutch ... ... .. .. ... . ... 2.0
Stalls engine L. L. 1.0
Clashes gears ... ... 2.0
Races motor ... ... 1.0
Too (slowfast) operations ........... 4.0
Carel ess operation ... ... ..., 4.0
Inefficient operation —  ........... 4.0

Total deduction...............

4-43. Examinations for O her Equi pnent.

An operational examination simlar to the
one given for fork trucks can be used. The
operational test diagramand the fort truck
test score sheet also can be used with
slight nodifications. This
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test score sheet should be prepared in a
manner to provide for a perfect score of
100.

4-44, G adi ng Exam nations.

A grade of 70 should be established as a
passi ng score for the exam nation. Wen the
trai nee has obtained a passing score, they
shoul d be issued a tenporary operator’s
permt (para 14, this sec). Those itens on
which the trainee failed should be included
as part of the student’s additional QT
(para 15, this sec). At this point, training
films should be shown for the second tinme
selecting the films appropriate for the
permits granted.

4-45. Tenporary Pernits.

Upon satisfactory conpletion of the
training course, a tenporary operator’s
permt should be issued to cover a 30-day
probationary period. The tenporary permt
will contain a 30-day expiration date

foll owi ng the date of issuance. The
tenporary permt will be clearly stanmped or
otherwi se market with the work "Tenporary"
to distinguish it froma permanent permt.
Operators holding tenporary pernits may be

i ssued a | arge badge of a distinguishing
color so that supervisors and qualified
operators can recogni ze the trainee as a new
operator and assist themw th suggestions
and advice. The permt wll show equi pnent
and capacities authorized and nay be stanped
or overprinted "ME. "

4-46. Additional QIT.

a. Ceneral. During the 30-day
probationary period, the new operator should
continue training. Such trainees can be
assigned to an occasional class period with
an instructor, or the instructor can carry
out the training during routine inspection
on all new operators at their work. This QIT
has two objectives: to increase the
operator’s proficiency and to qualify them
for use on additional ME

b. Increasing proficiency. To increase
the new operator’s proficiency, the
instructor requires the trainee to perform
various difficult nmaneuvers with the truck
or tractor-trailer train and shows themthe
safe and sinple manner of operating under
all circunmstances. The instructor should
stress constantly the inportance of safety
and preventive maintenance. Also, QJT with
the fork truck should consist of practice
with various attachments to the fork truck,
designed for specific jobs. Only skilled
operators should be trained in the use of
attachnents.

c. Qualifying operators for additiona
equi prent. If the operator’s training has
been exclusively in the fork truck during
the 30-day probationary period, they should
receive training in the operation of the
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tractor-trailer train so that in an
energency they will be available as a
tractor operator. Tractor operators who show
a high degree of skill and efficiency should
be considered for training as operators of
fork trucks. Even though no additiona
operators of fork trucks nay be needed at
the monent, the activity should nmaintain a
pool of trained or partially trained
operators who can carry on in an energency.
In the event the activity is in need of
operators for trucks, straddle carry,
cranes, or simlar equipnent, the new
operators of MHE can be tested on this

equi pment during their 30-day probationary
peri od. Those who show a hi gh degree of
aptitude for assignnment to these nore
difficult types of equipnment can be given
additional training until they are qualified
operators. Training films should be shown as
appropri at e.

4-47. Pernmanent COperator’s Pernit.

If, at the end of the 30 days, the operator
has proved satisfactory, a U S. Civi

Servi ce Commi ssion Standard Form 46 properly
compl eted and signed by the issuing officia
will be issued to the operator. The permt
wi |l show any restriction such as gl asses
required, hearing aid required, or other

The pernmit will also indicate qualification
in explosive handling in accordance with the
requi renents and safety regul ati ons of each
mlitary service. The operator will be
instructed to carry the pernit when
operating equi prent. Each operator nmay be
issued, in addition to the pernit, a badge
of distinguishing color indicating that they
are an authorized operator or industrial
trucks and tractors. The pernmit will show
equi pnrent and capacities authorized and may
be stanped or overprinted "MHE. "

4-48. Renewal .

Every operator hol ding a permanent permt
will be required to have it renewed within
30 days prior to the expiration date
specified on the pernmit. Upon application
for such renewal, the operator will be
required to satisfactorily conplete a
physi cal exam nation. Operators hol ding
nonstandard permits with a specified
expiration date will be issued a standard
pernmit within 30 days prior to the
expiration date. Operators hol ding
nonstandard permits that do not bear an
expiration date will have their permts
replaced with standard fornms with the | east
practicabl e del ay.

4-49. Preparation of Additional Courses.
The training data and test factors in this
manual cover the training of operators for
the major types of MHE utilized within the
mlitary supply system It is realized,
however, that a training pro-
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gramis required for each of the various the activity utilize the data contained in
types of MHE in use. Therefore, it is this man ual and data conpiled by the
suggested that as requirenents occur for the activity to prepare a training program and
training of operators for MHE not te8t procedure applicable to the equi pment
specifically covered in this manual, that for which training is required.
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CHAPTER 5

STORACE OF SPECI AL COWDODI Tl ES

Section |. Lunber

5-1. Ceneral

The information and instructions in this
section are designed to aid personne
perform ng | unber storage and handling
oper ati ons.

NOTE
Furt her technical data with respect to
| unber storage can be found in M L-
HDBK- 7, Lumber and Allied Products.
That portion of section 6 of the handbook,
dealing with handling and storage of
| unber, is superseded by this manual.

a. Storage and materials handling. The
advances nmade in the mechani zed handl i ng of
| umber have changed storage and handl i ng
met hods. The devel oprment of handli ng
equi pnment such as forklift trucks and
straddl e carry trucks that can be used to
stack, unstack, and transport |unber, has
brought about revol utionary changes; the
nost notabl e being the handling of |unber in
packages. Regardl ess of whether |unber is
handl ed by nechani zed equi prent or by nanua
| abor, the objectives of storage and
handl i ng are unchanged.

b. njective of storage and materials
handl i ng. The objective of lunber storage is
to maintain the lunmber at, or bring it to, a
noi sture content suitable for its end use
with a mininumof deterioration. The
obj ective of lunmber handling is to | oad,
transport, unload, stack, and unstack | umnber
econonmically and w thout damage. Both of
these objectives are obtained easily if good
handl i ng and storage practices are foll owed.
Adequat e protection of lunber in storage
will help prevent attack by fungi or
i nsects, as well as changes in noisture
content, which encourage checki ng, warping,
twisting, and straining in |unber and make
it unsuitable for the intended use.

c. Condition of |unmber placed in storage.
The condition of |unber placed in storage,
with respect to noisture content and
possi bl e fungus infestation, has an
i nportant bearing on the subsequent
qualities of the |unber over |ong periods.
Fungi (wood rot) and subterranean ternites
infecting wood are retarded in their growth
when the noi sture content of the wood is
| oner than 20 percent; however, dry wood
termtes, powder post beetles, and other
wood borers can devel op successfully in wel
dried wood. Lunber may be treated with a

preservative in accordance with section 5 of
M L-HDBK-7 to prevent infestation for |onger
storage periods. If infestation occurs
during drying, the fungus will continue to
live in a dormant state for nonths or years
after the wood dries and will resune
activity if noisture content again becones
hi gh enough. A key to preventing
deterioration during long-termstorage is to
elimnate infestation during driving and to
keep the wood dry in storage. Al |unber
nmust be checked thoroughly at the tinme of
recei pt for noisture content and fungus
i nfestation before storage. The preparation
for storage and the type of storage will be
based upon the results of these checks. It
is inmportant, especially when |unber is
received in drafts, to choose drafts from
different parts of each shi pnent and
4i sassenbl e the drafts for exanination
unl ess this procedure is followed, the
condition of the lunber inside the draft
cannot be ascertai ned. Lunber presents
uni que problens in storage. Special piling
net hods are necessary to provide proper
ventilation that will prevent deterioration
of the lunmber. The nmethod of stacking each
shi pnent of |unber nmust be determ ned by
conpet ent personnel

d. Odering |unber.
As enphasized in the paragraphs above, the
length of storage tine and noi sture content
of lumber greatly affects the [unber’s
condition. Only the quantity of |unber that
will be used during a reasonabl e period of
time should be ordered. If the storage
activity knows that the lunber will be
stored for an extended period of tinme or a
hi story of wood decay problens exists, then
the | unber should be ordered requiring
either stickering prior to shipnent or dry
(less than 19 percent noisture content)
[ umber with no substitution

e. Protective equi pnent.

(1) Lumber apron. The |unber apron for
use in lunber handling should be constructed
in accordance with the specifications
outlined in figure 5-1. The apron shoul d
consi st of a soft |eather backing faced with
heavy | eat her three-sixteenths of an inch or
nore in thickness. The two pieces of |eather
shoul d be riveted together and supported by
a belt 1 1/2 inches in width or wider to
ensure adequate distribution of the weight
of the apron and | unber being handled to
prevent cutting or

5-1
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Figure 5-1. Diagram of leather apron for use in the handling of lumber.

(2) Protective gloves. doves that
provi de adequate protection fromslivers or
splinters must be worn by |unber handlers.

5-2. Handling Met hods.

a. Receiving. Lunber is nornally received

as strapped units on gondol as, flatcars, or
trucks. The use of automatic and hand
appl i ed strapping and i nproved handl i ng
equi prent has nearly elimnated handling
boards one at a tine. When |unber is
unitized and | oaded, as specified in ML-L-
14362, Unitizing and Loadi ng of Lunber, the
| unber may be noved by crane, forklift
straddl e carry truck, or sidel oader
elimnating manual handling (chap 4, sec |
depicts MHE). Lunber received in this manner
shoul d be placed on bolsters for transport.
When drafts do not neet requirenents for
storage because of noisture content,
i mproper stickering, or other causes, the
units should be reunitized (in accordance
with para 176) to correct the deficiencies
prior to being placed in storage.

b. Bol sters.

(1) Bolsters should be constructed in
accordance with specifications shown in
figure 5-2, except that the width of the
straddle carry truck, if used, wll
deternmi ne bol ster length. In selecting
timber for bolsters, care should be
exercised to select solid straight grained
wood, as bolsters will be subject to
excessive strain in the lifting and
transporting of materials. Hardwoods are
preferable for construction of bolsters;
however, when hardwood is not avail abl e,
strai ght grain Douglas fir or larch may be
used.

5-2

Figure 5-2. Diagram of bolster for use with a 57-inch straddle
carry truck.

(2) As the lunber is placed in storage,
the enpty bolsters are renmoved and st acked
for return to | oadi ng/unl oading sites. These
stacks are prepared by placing two or nore
bol sters in position for pickup and solid
piling other bolsters across them Each
successive layer of bolsters is cross piled
to bind the stack securely for stability
whi | e being transported.

5-3. Formation of Lunber Drafts.

a. Ceneral. The handling and transporting
of lumber in drafts and stacking lunber in
drafts have beconme accepted practice
t hroughout the | unber-produci ng and wood-
using industries. These practices have
brought about changes in yard layout and in
stacki ng met hods. Al though the



TM 38- 400/ NAVSUP PUB 572/ AFNAN 23-210 MCO 4450. 14/ DLAM 4145. 12

princi pl es of good air-seasoni ng have not
changed, a certain anount of adjustnent is
needed to conformto the nore nodern
handl i ng and st acki ng net hods.

(1) When lunber is stacked for air drying
in the formof drafts, the type of
stickering will be determ ned by the
seasoning required. Drafts for yard drying
vary between 3 1/2 and 4 feet, with 4 feet
the nmost conmon width, and 3 to 4 feet the
average height. The width of the draft wll
be deternined by the width of the |unber and
the fork capacity of the Iift equipnment. The
forks normally available will handle drafts
approximately 4 feet in width. Stacks of
unitized lunber generally are considerably
narrower than handstacked piles. This tends
to increase the drying rate of | unber

stacked in drafts over |unber stacked by
hand.

(2) Uniformsize of boards in a draft is
desired so that each draft of the sane
material will contain exactly the sane
nunber of board feet (fig 5-3). This wll
elimnate many of the problens encountered
in the issue and inventory of | unber
products. This applies to every size of
| unber handl ed. When it is absolutely
necessary to nake up a draft of random
| engths, the |unber should be sorted by
length and unitized with the | ongest | unber
pl aced on the bottom of the draft, and the
bal ance of the | engths grouped by length in
the draft in |length sequence.

5-3
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ORAFT DATA 2 —|
STRAPPINGS A

ITEM (D) ROUND, STEEL, GALV. 10 GA. 19/ PITCH FOR

ITEM@) FLAT STEEL | 14" WG 038 GA. o or
(TEM(D) FIRST CHOICE)

STICKERING B

ITEMQ LATH $i12E { VX V2 X 48°
ITEM (3) STOCK SIZE 2°0R 3°X 3M°X 48"

NOTE STANDARDS FOR LUMBER

LUMBER WHICH MAS A MOISTURE MINIMUM | MAXIMUM
CONTENT OF 24% OR ABOVE (S TO BE
STICKERED BETWEEN EACH LAYER. ORAFT WIDTH 40° a8
STOCK STICKERS ONLY (ITEM(@) ) DRAFT HEIGHT 3e° as
ACCEPTABLE FOR LUMBER IN THIS
CATEGORY

LUMBER WHICH HAS A MOISTURE
CONTENT BETWEEN 19% 8 24% IS TO
BE STICKERED SETWEEN EACH TWO
LAYERS OF MATERIAL | V2 THICK OR LESS
AND EACH LAYER | S/8° THICK & ABOVE

Figure 5-3. Diagram outlining draft requirements for outdoor storage.

b. Assenbling a lunber draft. oak. The base should be nail ed together with
(1) Construction of butt boards. The 16d spirally grooved, screwtype nails.

butt boards shoul d be constructed according Metal corners or angle irons will help

to specifications in figure 5-4. The 4-by-4- reinforce the base and are essential if

inch piece used for the flat base should be Dougl as fir

5-4



TM 38- 400/ NAVSUP PUB 572/ AFNAN 23-210 MCO 4450. 14/ DLAM 4145. 12

or other soft wood is substituted for oak.
The angle on the butt boards is designed to
give a forward pitch to each draft of 1 5/8
inches to each 12 inches in height. Since
the slope of the stack foundations from
front to rear is 1 inch for each 12 inches
of length, this provides five-eighths of an
inch pitch per foot in height in the

conpl eted stack. Should the sl ope of the

| unber beds vary from1 inch of slope in 12
i nches of length, an adjustnent to correct
the pitch can be nade easily by starting
with a |line perpendicular to the ground,
then giving a forward pitch of five-eighths

of an inch to each 12 inches of height plus
the slope of the |unber bed. For exanple,
suppose the slope of the foundation on which
the lunber will be placed is 1 1/2 inches in
each 12 inches of length. The slope forward
on the butt board will then be 1 1/2 inches
plus five eights of an inch in each 12

i nches of height of the butt board. This
equals 2 1/2 inches forward slope or pitch
of the butt board in each 12 inches of

hei ght. For each 10 feet of height fromthe
bottom of the first draft, the stack wll
project forward 6 1/4 inches at the top
beyond the end of the bottom board.

FRONTVIEW

Figure 5-4. Diagram of butt boards used to control pitch on draft face.

(2) Anchoring of butt boards. Once the
position of each butt board is established,
it should be anchored firmy. This can be
done by driving iron rods into the ground at
poi nts where pressure will be exerted or by
nailing pieces of 2-inch stock to the butt
board, extending these pieces to the
platform and nailing the pieces securely to
the platform To assist in stabilizing the

butt board, a 2-by-4 is sonetines placed
across the base flush against and paralle
to the face of the butt board. In this way,
the front end of the draft should just clear
the forward straddle carry truck bolster so
that a portion of the weight of the front
end of the draft rests on the 2-by-4. It is
essential that each butt board remain in
exactly the sane position

5-5
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once a draft of lunber is started to obtain
the correct pitch and uniformface on each
ri sk of Iunber.

(3) Placerent/alignment of stickers. The
proper alignment of stickers in each draft
of lunber is necessary to prevent warping
and bowi ng. Proper alignment is also
necessary to assure vertical colums of
stickers fromtop to bottom of the storage
stack when the stack consists of severa
drafts (fig 5-5). Wen placing stickers, the
first stickers should be against the butt
board. This will give an inverted stair step
appearance to the face of the conpleted

draft and will cause water to drip fromthe
front of the pile instead of 8eeping in. The
sticker will retard end drying and tend to
prevent end checking of the |unber. The
second sticker should be placed 12 inches
fromthe front of the pile and the bal ance
of the stickers positioned at 5-foot 4-inch
intervals directly over pile foundations, as
shown in figure 5-5. The only variation in
the sticker spacing will be in the stacking
of hardwoods or other |unber prone to warp
Sticker spacing for these lunbers will be on
2-foot 8-inch centers.

BiLt OF MATERIAL
DEICMPTION

e [

[0

® ® ®

Figure 5-5. Diagram of properly stickered and formed drafts of lumber stored on wooden block foundation.

(4) Sticker guide. The sticker guide
(fig 5-6) is essential in the formation of
drafts of lunmber. Its basic functionis to
gui de the placing of stickers so that the
stickers will provide vertical colums of
support for the lunber over each foundation
support tinmber Sticker guides nust be
constructed to function in conjunction with
the butt board to give the col um of
stickers the sane degree of pitch as is
mai nt ai ned on the face of the pile.

5-6

O herwi se, the proper stacking of drafts of
| unber is inpossible as sticker alignment
bet ween drafts could not be nuaintained.
Sticker guides should be constructed to
provi de the |ongitudinal sticker spacing
shown in figure 5-5, except that, at
activities where the standard storage pl an
has not been inplenented, foundation
spacing will determine sticker spacing.
However, under no circunstances will sticker
spaci ng exceed 6 feet.
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Figure 5-6. Sticker guide and butt board ready for use.

(5) Sticker construction and care.
Stickers nay be made from any species, but
preferably from heartwood. Sapwood is
undesirable, as it nmay harbor stain
organi sms. All stickers nust be sound, dry,
free fromstain and decay, of uniform
thi ckness, and of sufficient width to
support the weight of the pile wthout
crushing the stickers or causing conpression
marks in the face of the lunber. Stickers,
when not in use, should be protected from
the weather to be kept dry and ready for
future use.

(6) Stickering requirenents.

(a) CGeneral. Lunber, when received,
may be partially green, partially air dried,
or thoroughly seasoned. To establish
stickering requirenents, the noisture
content of the lunber nust be determ ned.

(b) Stickering of |unmber when noisture
content exceeds 24 percent. Partially green
| umber or lunmber with a noisture content of
24 percent or nore, requires a greater
anount of air circulation within the draft
to renove this excess noisture as rapidly as
possi ble to avoid possible stain and rot.
Lunber with a noisture content of 24 percent

and above will be stickered between each
|ayer with stickers 2 or 3 inches wi de by
three-fourths of an inch thick and of
sufficient length to fully support each
course of boards. Hardwoods 1 1/4 inches and
over in thickness with a noisture content of
24 percent and above which are to be stacked
in open storage for air drying will be
stickered with 1-inch or thicker stickers.
Har dwood is a sl owdryi ng wood and shoul d be
well ventilated to speed drying and prevent
stain and rot in these prem umtype woods.
(c) Stickering of lunber having 20 to
23 percent npisture content. Lunber with a
noi sture content between 20 and 23 percent
does not require as nuch drying as green
| unber and consequently requires less air
circulation within the draft. This |unber
will be stickered with lath (1 1/2 by 1/2 by
48 in) between each two |ayers of material 1
1/2 inches thick or |less and between each
| ayer 1% i nches thick and above. However,
har dwoods havi ng a noi sture content between
20 and 23 percent, which are being placed in
open storage for continued air seasoning,
will be stickered with 1-inch or 1 1/2- by
3/ 4-inch stickers of sufficient
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I ength to adequately support each board and
prevent warp

(d) Stickering of seasoned | unber.
Drafts of seasoned | unber having a noisture
content of 19 percent or |less may be pl aced
directly into storage and stickered at
sufficient intervals to stabilize the draft.

(7) Air drying of lunmber. The air drying
of lunber is dependent upon the tenperature,
the RH of the outdoor air, and the extent
air is caused to enter and circulate within
the stack so that it reaches each individua
board.

(a) Air flow Air, at any condition
bel ow 100 percent RH or noisture saturation,
possesses the ability to take up noisture
fromgreen lumber. Air that enters a stack
becones cooled as it takes up noisture from
the lunber and, as its tenperature decreases
and RH increases, it loses its ability to
dry the lunmber. As a consequence, if drying
is to continue, the air within the stack
nmust be replenished by ejecting the
saturated air and adnitting fresh drier air.
This is acconplished by natural horizonta
and vertical air novenents. Horizonta
nmovenment within the stack is brought about
by differences in pressure between the two
sides of the stack caused by prevailing
wi nds, while vertical novenment is brought
about by the increase in density of the air
within the stack as the air is cooled. Since
it has been established that the horizontal
nmovenment of air within a lunber stack is the
princi pal neans of acconplishing drying, it
is highly inportant that channels for this
nmovement be provided. Vertical novement in
itself acconplishes little drying except in
the case of squares or when stock is stacked
on edge, but vertical nmovenment through
i nterior spaces induces horizontal air
nmovement across the faces of the boards from
whi ch nost of the evaporation of noisture
occurs. Horizontal novenent of air within
the stack takes place through the spaces
formed by the stickers. Spaces for the
downward nmovenment of air are obtained to a
nm nor degree in the draft fromthe natura
openi ngs between the board edges; however,
the major provision for the downward
nmovenent of air is the between-stack-
spaci ng. The wi der these spaces, with
respect to the total width of the stack, and
the snmoot her the vertical sides of the
spaces, the greater will be the passage of
air through them Edge-to-edge stacked
boards, in drafts 3 1/2 to 4 feet wide, with
good stack spacing in the rows are
conparable to boards in a wi de hand-stacked
pile with chimeys at several foot
intervals. In this manner, the spacing
between the stacks acts as a chimmey to
carry the danp or saturated air down, thus
stimulating horizontal noverment of air
within the draft.
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(b) Effect of stack height on air
drying. The effect of stack height on drying
rate is simlar to that of stack w dth.

I ncreasing the stack height tends to retard
drying, particularly in the | ower parts of
the stack. The air traveling dowward in a
stack becones cool ed and approaches
saturation at a point higher up in a tal
stack than in a short one, unless the air is
repl eni shed by horizontal novenent as it
noves downward. Tall stacks also tend to
restrict general w nd novenment at the ground
| evel of the yard. Lunber stacked in the
formof drafts may range from about 4 to 20
feet in height. Mvenent of air through the
6-inch between-draft-spacings will increase
to some extent air circulation at the |ower
| evel s of the stacks.

5-4. Binding of Lunber Drafts.

a. Binding requirements. Each draft of
| unber, which is assenbled for storage or
shi pnent, should be bound with an
appropriate binding. Binding of the draft is
necessary to prevent novenent of | unber
during handling operations. Shifting of the
| unber could alter the pitch on the draft
face or cause the dislocation of stickers
and t he subsequent distortion of the |unber
in the draft. Bindings nmust be placed
directly over the stickers in order to
secure a tight binding and to prevent
distortion of the lunber. Al so, binders
pl aced other than over the sticker ends wll
tend to force the lunber in the draft
toget her, thus closing any edge spacing
bet ween board edges which will restrict the
vertical flow of air through the draft and
retard drying. Bindings should be over the
second and | ast sticker in each draft, as
shown in figure 5-3. Lunber, which is to be
transferred i medi ately fromunl oadi ng poi nt
to point of use, will not require binding or
stickering except as desirable to stabilize
the draft for transportation purposes.

b. Binding Materials. Binding should be
ei ther 10-gauge round steel gal vanized wire
of 3/4 by 0.023-inch, type | or IV flat
steel strapping in accordance with QQ S 781
Corner protectors are not required in the
bi ndi ng of lunber, as the bite of the
binding will tend to hold the binding in
pl ace over the stickers.

5-5. Marking of Lunber Drafts.

Each draft of |unber should be properly
marked prior to final storage. Mrking
shoul d i ncl ude stock nunber, board feet, and
the date and year received. For exanple,

| unber received on 11 July 1977 woul d be
dated 192/ 77 (192d day of 1977). Marking
lunber will facilitate issue and inventory
and will nake it possible to issue the

ol dest lumber first. Lunber received from
other activities is
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i ssued according to the original receipt
date noted on the nmarker tag which should be
pl aced on the front or pitched end of each
draft. Thus, lunber received from anot her
activity would be issued prior to lunber in
stock if the marker tag indicated it was the
ol der |unber. Adoption of this standard

met hod of nmarking and dating lunber will aid
in preventing the retention of old lunber in
storage. Tags for the marking of |unber nust
be weat her-resi stant and capabl e of

wi t hst andi ng | ong peri ods of outdoor storage
wi t hout becomi ng unreadabl e. Typed or
handwritten paper tags, sprayed with a clear
liquid plastic coating, may be used.
Suitabl e dip-type plastic coatings are al so
avai | abl e. Tags nade of enbossed al um num or
other weather-resistant materials may al so
be used.

5-6. Open Storage

a. Yard location and surface. Preferably,
the storage yard is located in an area where
the lunber is received, shipped, or used.
The best location is on high ground (i.e.
| evel, well drained, and renote from water

bodi es or wi nd obstructing objects such as
tall trees or buildings). Alowsite is
likely to be sheltered fromthe full sweep
of the winds and can cause danpness which
may retard drying and pronote stain and
decay. The ground surface should be kept
free fromdebris and vegetation. Debris

har bors stain and decay organi sns and
obstructs the novenent of air over the
ground surface and beneath the | unber piles.
Vegetation can be controlled by applying
crude oil, salt, or weed killers. Covering
the ground with cinders, gravel, shells, or
crushed stone will retard the growh of
vegetation. Yard surfaces should be firmand
snooth for the operation of |unber handling
equi pnent. Rough terrain causes additiona
wear and tear on the machi nes and may cause
injury to operating personnel. Also, such
condi tions nay cause di spl acenent of
stickers and boards in the draft being
transported and nay inpede the accurate

pl acenent of the draft being transported and
may i npede the accurate placenent of the
draft during stacking operations.

Figure 5-7. Yard layout.

b. Yard | ayout.
|l unber is laid out

A yard for storage of

i n bl ocks separated by
aisles (fig 5-7). A well-designed yard
facilitates the novement of |unber and the
taking of inventories. The yard |ayout is
affected by the size and shape of the
avai | abl e area and by the equi pnent used for
transporting and stacking. Aisles in yards

where the lunber is machi ne-stacked are
usually 24 to 30 feet wide, the optinum
being 24 feet. The aisles provide routes for
transporting lunber, permt the novenment of
air through the yard, and serve as a
protection agai nst the spread of fire.
rows of

The
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| unber in machi ne-stacked yards run at right
angles to the aisles with the boards
parallel to the aisle. Storage bl ocks should
not exceed 10 stacks in depth, preferably
stored in conbinations of 5-5, 7-3, or 6-4
stacks in back-to-back storage. The
direction of the main aisles, those from

whi ch the stacks are built or taken down,
generally is established by the nature of
the yard site. Wiether nmmin aisles run
parallel with or at right angles to the
direction of the prevailing w nds probably
will not affect ventilation and air novenent
through the yard due to cross aisles which
run at right angles to the main aisles. To
permt rapid drying of aisles after a
rainstormor the nelting of snow, it is
advant ageous to run the main aisles north
and south. To increase air circulation
within the stacks, an aisle 2 to 3 feet in
wi dt h shoul d be naintai ned between the rows
of stacked lunber (fig 5-8). This between-
rows aisle will be of valuable assistance in
i ssue and inventory functions. The stack and
aisle layout plan (fig 5-9) for shed and
open storage has been prepared to assi st
storage personnel in planning yard | ayout.

The storage area is laid out to utilize the
truck and railroad areas as mmin or

| ongi tudi nal aisles with 24-foot cross
aisles intersecting the storage area at
approximately 50-foot intervals. This is
sufficient storage depth to permt stacking
five stacks deep in back-to-back storage.
See chapter 3, section Ill, for stock
nunberi ng techni ques.

c. Foundations, general. Flat piling is
satisfactory for inside storage, but it is
reconmended that all out-of-doors stacks be
gi ven a reasonabl e amobunt of slope. Slope
facilitates runoff when water |eaks through
or blows in at the sides of the stacks. This
aids in keeping the |unber dry, thus
preventing devel opnment of conditions
favorable to the grow h of stain, decay, and
attack by insect.Wien lunber is stacked in
drafts by a forklift truck, changes in stack
foundati ons over those used for hand
stacking are necessary. Also, efficient
utilization of the fork truck in stacking
operations requires that the drafts be
stacked parallel to the aisles rather than
at right angles. The top

Figure 5-8. Two-foot aisles maintained between rows of stacked lumber to facilitate flow of air through the lumber yard.
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Figure 5-9. Diagram of yard and shed layout.
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of the foundation nmust afford at |east 1
inch of slope for each lineal foot of
I ength. At nost activities, the sloping of
stacks of unitized lunber is conmon
practice. The foundations of all stacks,
except the last stack of a row, must be
spaced or arranged to permt the entrance of
the fork truck. For this reason, |ong
stringers cannot be used successfully as
foundations for draft stacked | unber
especially for the center foundation

d. Portable lunber foundations. The
application of the portable |unber
foundation for |unber storage is illustrated
in figure 5-10. The stability of these
foundati ons is obvious and they afford
sufficient ventilation beneath the stack for
driving purposes. The foundation is conposed
of creosote-treated tinber to prevent
deterioration. The portable |unber
foundation is spaced on 5-foot 4-inch
centers (fig 5-11). This spacing of the
foundati on, constructed as shown, produces
the desired slope and is sufficient for the
storage of nost species of |unber. However,
har dwoods and sone ot her types of | unber
requi re additional foundation support to
prevent bow and warp during the drying
process. This portable foundation can be
increased easily froma 4- to a 7-point
foundati on to accommpdate hardwood drafts
stickered in accordance with paragraph 176

This increased support is achieved by

pl aci ng an additional foundation unit m dway
between units A, B, C, and D shown in figure
5-5. The unit between is erected the sane as
the I ower of the units which it separates
and the required increase in height is

obtai ned by placing a 3-inch thick spacer
between the joist and the bol ster

Figure 5-10. Application of the portable lumber foundation.

Figure 5-11. Portable lumber foundation spaced on 5-foot 4-inch centers.
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e. Conponent parts of the portable
foundation. The portable foundation consists
of three conponent parts-6-by 6-by 18-inch
blocking (7 1/2 by 8 in) by 8 by 49-inch
joists, and 2-by 8-by 24-inch nmud sills (fig
5-12). Utilization of these mud sills
produces a bearing surface of approxi mately
11 square feet for each unit stack, which is

and unitized as |lunber storage decreases,
thus pernmitting easy readjustnent or |ayout
of the lunber storage area. To facilitate
storage operations, foundation conponents
shoul d be unitized in the quantity required
to store an average car |oad of |unber and
pl aced at strategic |ocations throughout the
| unber storage area. Foundations not

sufficient to support maxi numunit | oad required for imedi ate use, except those
stacks on yard surfaces that will wthstand strategically |l ocated about the yard, should
the nornal operations of heavily | oaded fork be stored in one central |ocation by
trucks. These foundations are renoved easily component type.
— an" — e —
L2 2 = =
— 2 —
[ = = "= :
[ . —a p—e—
NESAY T BILL OF MATERIAL
1 7\5\(7 \\\\, \|‘y )\ L "’:.- SOLSTER l‘ll'.ll:'
‘// /; //,/.,// //’ I ; :::u r:::;n«'
:'.!n;n 10 8€ CRECROTED
Figure 5-12. Diagram of lumber foundation components.
5-7. Stack Spacing and Roofing Protection. building flues into drafts 4 feet or less in

a. Horizontal spacing.

(1) Ceneral. Although stack spacing will
vary with different situations, stacks of
stickered or solid piled drafts of |unber
shoul d not be placed too close together.
Circulation around the stack is necessary if
drying is to take place in lunber, which is
above an air-dry condition, and to prevent
dry lunber from picking up noisture from
stagnant, humi d air pockets.

(2) Spacing between stacks of unitized
| unber.

Lateral spaci ng between stacks should be 6
to 12 inches. Vertical passages or flues are
sonewhat nore difficult to build into drafts
of lumber than in the relatively w der hand-
stacked piles. The need, however, for

wi dt h has not been denonstrated. The sum of
the width of flues in hand-stacked piles
equal s about 20 percent of the width of the
stack. Flues within the drafts should not be
required if 6 to 12 inches are all owed

bet ween the sides of the stacks of unitized
| unber in the yard. Wth this arrangenent,
movenent of air in the spaces adjacent to
the stacks will induce horizontal novenent
of air through the draft and acconplish
drying. Wien drafts are stacked in this

manner, the spacing between the stacks takes
the place of flues built into hand-stacked
piles; therefore, this space should equa

approxi mately 20 percent of the unit stack
wi dt h.
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(3) Spacing of storage rows. GCenerally,
at machi ne-stacked | unber yards there are no
rear aisles, and spaces between the ends of
the stacks are provided by spacing the rows.
Spaces between rows of unitized | unber
stacks vary from2 to 3 feet in air-drying
yards. Here also, it is not feasible to
recommend an optimum spaci ng, but a spacing
of 2 to 3 feet should be sufficient at stack
ends to induce sufficient air currents
bet ween, through, and under the stacks to
carry off noisture saturated air.

b. Vertical spacing.

(1) Space required for use of forklift
trucks. Spacers (dunnage) used in connection
with the stacking of lunmber in drafts may be
considered to be a part of the stack
foundation. Wen a draft of lunber is picked
up or set down, space for the insertion or
renoval of the forks nust be provided.

Usual ly, this space is about 6 inches w de
in slope stacked | unber, but nmay be narrower
when the new nmodel of forklift truck is
used. These newer trucks have an arrangenent
for tilting the forks through an angle of 5
degrees for picking drafts from sl oped
stacks of lunber; however, tilting nmechani sm
is not required if 6-inch spacing is

mai nt ai ned between drafts.

(2) Placing of spacers. Wen building a
stack of prepared drafts of [unber, the
spacers are placed (directly over the
stickers) on top of each draft or on top of
t he upper one when handling two at a tinmne,
bef ore stacking. O course, this need not be
done with the I ower draft of the stack where
the top is reached readily fromthe ground.
When the stack is conpleted, the channels
caused by the placenent of these spacers
provi de additional area for air passage
t hrough the stack. Thus, these passages
concei vably may count eract the di sadvant ages
of the relatively high stacks usually found
i n mechani zed | unber yards.

c. Roofing protection for stacks. Lunber
whi ch cannot be stored undercover, should be
protected fromthe weather by adequate

. 14/ DLAM 4145. 12

roofi ng. Roofing should be placed on the top
draft and | ashed down prior to placing the
draft on the stack. A good roof always has
been considered an essential feature of good
air-drying practice. A roof shields the
stack fromdirect sunshine and
precipitation, particularly the upper |unber
courses, and to a |esser extent, the |ower
part of the stack. Wthout a roof, the upper
courses of |unber becone warped and checked,
and rain is permtted to penetrate the stack
fromthe top or to drive in fromthe ends
and sides. A leaky roof will afford
protection agai nst direct sunshine but wll
pernmit water to wet the upper |unber courses
and to penetrate the stack. To afford

maxi mum protection, a roof should project
12 to 18 inches at the ends of the stack and
approximately 6 inches over the sides.

(1) Staggered board protection nethod. A
good | ow cost roof, adequate for |ower
grades of |unber, dinension stock, or |unber
which will not remain in storage for a |ong
period of time, can be built into each draft
as it is formed. To formthis roof, one
pi ece of lunber is left out of the top |ayer
and the remaining |lunber is staggered or
pl aced so that each board covers an opening
between the tiers of lunber (fig 5-13).
Thus, noisture is prevented fromentering
the draft and the two | ayers of each unit
| oad becones the roof. Since drafts are
built with a 1 5/8-inch pitch per foot of
hei ght and stored on foundati ons which
provide 1 inch of slope per lineal foot,
this roof will afford good protection for
normal storage requirenments. This roof does
not afford quite as nmuch protection fromthe
weat her as roofs with extended ends and
sides. This is conpensated for in severa
ways (e.g., lunber is always roofed and
cannot be accidentally left uncovered;
per manent roofs are not maintained or stored
when not in use; man-hours are not expended
i n subsequent roofing operations; and, as
unit | oads are bound, additional |ashings
are not required to keep roofs in place).
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Figure 5-13. Method of building a roof tnto a draft of lumber.

(2) Paper or roll roofing protection
met hod. Buil di ng paper or roll roofing nmay
be conmbined with boards to forma roof. The
paper or roofing provides watertightness,
whil e the boards support the paper or
roofing in a flat sheet and pernit the roof
to be anchored to the stack. The boards in
this type of roof should be laid in a single
| ayer and, roughly, edge to edge. The boards
form ng the front and rear portions need not
be overl apped but can be butted over a
central crosspiece. Since this type of roof
is tight, the pitch can be flatter than one
conposed of a double layer of overl apping
boards. The use of a conbination of building
paper or roll roofing and boards probably is
nmore applicable to stacks of unitized
| unber than to handstacked piles. The paper
or roll roofing can be laid in strips,
runni ng either crosswi se or |engthw se of
the stack. Wen laid crosswi se, the strips
shoul d be | apped |Iike shingles and hel d down
by three or nore tie pieces running
| engt hwi se of the stack. Wen the strips are
laid |l engthwi se, a tie board should be
pl aced over each lap. This type of roof
consists of a double layer of boards with
paper or roofing between. The boards of each
|l ayer are laid with several inches between
the edges. Wth a roof of this type, there
woul d not be a need for the boards to
overlap. There is a wide variety of papers
and roofing on the narket, and the choice of
a suitable material should be based on the
life of the material with reference to the
length of tinme the stack is to stand in the
yard. It is probable that the nost
econoni cal way woul d be to discard the paper
or roofing when the stack is taken down.

(3) O her protection nethods. Boards,
roofing, plywood, panels, corrugated
al um num netal sheeting, and other roofing
materials al so may be conbined to form roof
panel s. The panels may be used singly or
doubly in the length of the stack. In al
cases, the roof should be raised severa
i nches above the top course of |unber to
pernmit novenent of air between the roof and
the top of the stack. Special roofing should
be used only when | unber such as oak and
other high grade lunber is to be stored for
| ong periods of tinme for air drying or when,
because of unusual conditions, thoroughly
seasoned | unber nust be placed in open
st or age.

5-8. Covered Storage.

a. Sheds-open. An open shed may be
likened to a storage yard with a roof. In
covered storage, however, |unber nay be
stored on | evel foundations, 12 inches in
hei ght, as these stacks will not be exposed
to rain or snow and will not require slope
to accel erate noisture runoff. The open shed
i s advant ageous for the storage of surfaced
[ unber or the better grades of |unmber which
are to be held in storage for a | ong period
of time. Lumber having a noisture content in
excess of 20 percent, which eventually will
require covered storage, may be sticker
pil ed and placed in open shed storage for
air drying, as open shed storage has
approximately the sane drying qualities as
an open lunber yard. Lunber is placed into
and renoved from open sheds fromthe open
sides; therefore, the areas adjacent to the
shed are utilized as working
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ai sles. Stocks nay be stacked fromthe
center of the shed out, in back-to-back
storage, or conpletely through the shed
dependi ng on quantity and sinilarity of
stocks stored. Surfacing requirements for
open sheds are simlar or equal to those
required for open |unber storage areas.
b. Sheds-cl osed.

(1) Uses for closed sheds. C osed sheds
are used primarily for the storage of well-
seasoned or kiln-dried |unber, plywood,
nmol di ng, frame stock, and other showtype
| unmber intended for special use where end-
use noisture content requirenents will be 12
percent and | ess. The objective during
storage is to prevent the |unmber from
absor bi ng atnospheric noisture. For this
reason, it is advantageous to stack | unber
and other itens solidly with only sufficient
stickers to stabilize the stack or to
designate quantities, grades, or itens of
st ock.

(2) Floor surfacing. < osed sheds should
be provided with floors, preferably
concrete, asphalt, wood bl ock, or planking.
Loose surfacing is not too satisfactory and,
earthen floors, particularly if the shed is
| ocated on a | ow danp site, nay increase the
nmoi sture within the shed. For this reasons,
cl osed sheds should be | ocated on dry well -
drained sites. Ventilation of the shed
shoul d be provided by adequate and
adj ust abl e openings in the walls. Stack
foundations in closed sheds should be high
enough to permt air to circul ate beneath
t he stacks. Stagnant air underneath the
stacks probably woul d accunul at e excessi ve
danpness and thus, increase the noisture
content of the lunber in the | ower part of
the stack. If the floor is earth or surfaced
with sonme | oose-surfacing materials, the
stack foundations should be about 12 inches
in height. Wen the shed floor is surfaced
with concrete or other hard surfacing, a
cl earance of 4 inches beneath the stack is
sufficient.

(3) Heating of closed sheds. The
efficiency of a closed shed in maintaining a
| ow noi sture content in lunber and other
items for high-grade end uses is increased
greatly if heat is avail abl e when weat her
conditions require it. Wen a source of heat
is available, alowrelative humdity within
the shed and consequently, a |l ow equilibrium
noi sture content for the |unmber can be
mai nt ai ned by increasing the shed
tenmperature 100 F. to 200 F. above the
out door tenperature. The heating system
shoul d be arranged so that the tenperature
t hr oughout the shed is uniform

5-9. Storage of Special |tens.

a. Storage of shooks. Shooks should be
stored undercover, preferably near the nain
packagi ng areas. Many activities find it
beneficial to procure shooks instead of box
| unber for the majority of standard box
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requi renents. Shooks can be procured in
open-end contracts and delivered in the
quantities required for normal operations.
Thus, storage space is required for only a
30- to 60-day supply of each type shook.
Thi s reduces | unber storage yard

requi renents and, proportionately, the need
for stack foundations, stickers, bolsters,
pil e spacers, butt boards, box manufacturing
machi nery, and the intradepot hauling of

I urmber .

b. Storage of lignhumvitae. Lighumvitae
is a greenish brown, hard, and heavy wood.
Usually, it is stocked as bl ocks or | ogs.
There is only one correct method of storage
for lignumvitae, which is to store
subrmerged in fresh water. There are various
satisfactory met hods of underwater storage.
One nethod is to drive the U- or I-bolt into
the end of the logs or blocks, attach the
bolt to a cable, and place in any pond or
ot her body of fresh water. In the absence of
natural water storage facilities, ponds or
tanks nust be prepared for the subnerged
storage of this wood. Wen lignumvitae is
stored in tanks or ponds, it is not
necessary that the water be changed as
stagnant water will protect this wood as
well as water that is constantly being
changed. Lignumvitae quickly becones
unsuitable for use if stored exposed to the
air; therefore, another method will not be
substituted for the submerged storage of
this nmaterial

c. Storage of plywod. Plywood will
normally be in a dry condition when received
and should be stored in a closed shed,
particul arly when the plywood has interior
gl uel i nes. For prolonged storage, a heated
storage building is reconmended. Plywood is
commonly solid piled. Under humd
conditions, there is some tendency for edges
to swell because of exposed end grain; this
swel l'i ng causes dishing, especially in the
upper panels of high piles. Dishing can be
m ninm zed by placing stickers in the pile at
i nterval s. Enough stickers should be used so
that plywood will not bend between them Dry
1-inch strips are suitable for stickering
p! ywood.

d. Storage of tinbers. Misture content
itself is not of major concern for tinbers.
The objectives in tinmber storage are to
prevent serious deterioration and at the
same tine acconplish slight drying. Tinbers
held in open air storage are subject to
checking, splitting, and waping. They are
al so subject to decay. Checking, splitting,
and war pi ng are associated wi th shrinkage,
stresses generated by the drying of the
outer portions. Decay can resuit where
infection takes place in those portions of
timbers that are exposed to noisture and
air. In large tinbers, end checks may occur
that are likely to develop into splits that
may extend a consid-
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erabl e di stance along the Iength of the
tinber. Surface checks are generally of

m nor inportance except where they devel op
into the relatively large cracks that are
likely to occur in boxed-heart tinbers.

Ti nbers may decay in storage because of
fungi that were in the living tree, or
infection may start during the storage
peri od. Decay may start on the surfaces of
tinber in solid piles because surface drying
is retarded or in surface checks or splits
into which rain or snow wat er penetrates.

(1) Qutdoor storage of tinber.

Ti mbers stored in piles outdoors are usually
exposed to sunshine and wetting because it
is inpractical to provide roofs. Tinbers
stored outdoors shoul d be end-coated for
protection fromend-checking. If the coating
is applied before end-checki ng has started,
it will greatly retard the drying of the
end-grain that causes checki ng and
splitting. The various types of
antisplitting irons that are used conmonly
on railroad ties nay be used on tinbers to
prevent the opening up of splits that nay
devel op from end checks. Tinbers stored

out doors should be piled so that the air has
access to all faces. The tinbers in each

| ayer, of course, should be placed severa

i nches apart and the courses should be
separated by 2-by-4s. The stickers should be
spaced 6 to O feet apart. Pile foundations
shoul d sl ope and the pile of tinbers should
be built with a forward pitch nuch |ike
hand- st acked piles of boards or di nension

| unber.

(2) Open shed storage of tinbers. Tinber
stored in an open shed are subjected to
practically the sanme atnospheric conditions
as tinbers stored outdoors, but they are
protected from sunshine and wetting by the
roof of the shed. Piles are |level, rather
than sl oped and pitched.

5-10. Measuring Misture Content.

a. General. Odinarily, the anpunt of
nmoi sture in wood is expressed as a
percentage of the weight of the wood when
oven dry. The three distinct methods of
determ ni ng noi sture content are the oven-
drying nethod, the distillation method, and
the electrical noisture neter nmethod. The
latter of the three nethods is the nost
rapi d and does not require cutting the
material. The only accurate and rapid test
is by using a lunber noisture nmeter in
accordance with ML-STD 1363, Measurenent of
Wbod Mi sture Content.

b. Use of the electrical-resistance

met hod. When the rapid indication of the
noi sture content of wood is desired for
i nspecti on purposes, the electrical-
resi stance nethod is the nost suitable. This
met hod i s based upon the well-known fact
that the electrical resistance of wood
changes with noisture content. Several types

of portable electric noisture neters are now
on the market. The features common to the
neters are two pairs of sharp netallic

term nals that can be enbedded quickly in
the wood, batteries for supplying an
electric current through the wood

i nterveni ng between the two termnals, and a
nmeans for reading the resistance in the
electric circuit directly in terms of the
nmoi sture content of the wood hol ding the
termnals. Different species of wood vary in
their electrical resistance for a given

noi sture content, and this fact nust be
taken into consideration in making noisture
determ nations. Usual ly, manufacturers
supply proper correction factors. The range
of the present meters is about 7 to 24
percent noisture content. Misture neters
are now avail able with needles that are
insulated with a nonconductive coating
except for the extreme tip. The insul ated
needl es are preferred since they can neasure
the npoisture content at various depths
within a piece of |unber.

The el ectrical -resi stance nethod has an
advant age over the oven-drying and
distillation nmethods, principally, because
of its speed and convenience as only a few
seconds are required to determ ne the anmunt
of noisture in any piece of wood. Therefore,
it is adaptable for sorting |umber on the
basis of its noisture content. The noisture
content is deternined by inserting the
prongs of the neter in the back of the piece
somewhere near the center. This avoids
marring the face of the board when the
netallic terminal points are inserted. The
el ectrical methods are the only practica
means thus far devel oped by which the
moi sture content of finished woodwork in
pl ace can be determi ned wi thout serious
injury to the wood

c. Methods of deternining noisture content
in tinmbers. Since wood acts as a resistance
element in the electrical circuit of a
noi sture neter, the current flow ng between
el ectrode needles will follow the path of
| east resistance which is the path with the
great est amount of noisture. Thus, a neter
with uninsul ated el ectrodes will show the
noi sture content of the wettest wood
contacted by the el ectrode needl es.
Therefore, electrical neters should not be
used on |unber that has been recently wet by
rainfall since the meter may indicate too
hi gh a noisture content. Meters equi pped
with insul ated needles are preferred. The
i nsul ated needl es respond only to the
noi sture content of the wood in contact with
the uninsulated tips, hence, it is possible
to take readings at different depths to
obtain a nore conplete indication of the
noi sture distribution. I f noisture neters
with uninsul ated needl es are not avail abl e,
the noisture content at a depth of one-fifth
of the thickness
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of a board will be nearly equal to the
average for the entire cross section

5-11 Kil n Dryi ng.

a. Senmidry Lunber. Sem dry |unber show ng
sonme visible evidence of decay either should
bekiln dried to prevent further ravages of
decay and then stored in the same way as
uni nfested dry lunber or, preferably, it
shoul d be used up as soon as possible after
receipt at the installation. The choice on

bundling this type of lunber will
t he extent of visible decay.

b. Wet |unber. Lunber that is wet and
showi ng vi si bl e evidence of decay should be
i Mmediately kiln dried to prevent further
deterioration. If a kiln is not avail abl e,

t he | unber shoul d be used as quickly as
possible. If the lunber can be kiln dried,
then its subsequent handling will be simlar
to the handling of semidry infested |unber.

depend on

Section Il Ammunition and Expl osives

Basic requirements for the receipt, storage,
i ssue, and care of amunition and expl osives
are in TM 38-410/ DLAM  4145. 11/ NAVSUP PUB

573/ AFR 69- XX/ MCO 4450. XX, Storage and
Handl i ng of Hazardous Materi al s.

Section IIl. Vehicles (Tracked and Weeled) and Artillery

5-12. Scope.

This section prescribes policy for the
storage of wheel ed and tracked vehicles and
artillery at DOD installations. Detailed
operational procedures will be prescribed,
as deened necessary, by the individua
conmponent .

5-13. Storage Areas.
a. Ceneral

(1) Storage areas for vehicles and
artillery may be | ocated either undercover
(as in a warehouse) or in the open. The type
of storage area in which any specific type
of vehicle or artillery piece should be
stored will be deternined by such factors as
t he degree and | ength of environmental
exposure the itemw || satisfactorily
wi t hstand, the size and weight of the item
the ease with which the item may be handl ed,
the availability and type of vacant storage
space, and the requirenents inposed by the
owning nilitary service/agency.

(2) Vehicles and artillery, being
relatively heavy and bul ky, are difficult to
handl e. Therefore, storage areas sel ected
for such itens should be in proximty to
rail sidings and truck |oading facilities;
this reduces the handling time and trave
di stance incident to the receipt, storage,
and shi prment of these itens.

(3) Sufficient space should be provided
either within or adjacent to the storage
area to serve as a preparation area for
shi pnents of multiple item
guantities which may require such actions as
the marshalling of itens for marking,
addi ti on of on vehicle equipnent itens,

i nclusion of |og books, and preshipnent
i nspecti on.
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(4) Once itenms have been placed in
storage, control should be maintained
t hrough use of a | ocator system enploying a
grid layout as defined in chapter 3, section
111,
b. Covered Storage areas

(1) There are three general types of
covered storage space which may be used for
the storage of vehicles and artillery: CH
war ehouses; general purpose warehouses, and
ot her covered space such as sheds and
transitory shelters. Though large itens such
as vehicles and artillery are expensive in
terns of the space they occupy, there remain
significant advantages in using covered
space for the storage of such itens. Sone of
t he advantages to be gai ned, to varying
degrees dependent upon the type of covered
storage space used, are as follows:

(a) Ability to store material in
assenbl ed condition, requiring only m ninal
effort to ready it for issue.

(b) Reduced requirenment for item
preservation.

(c) Extended storage with reduced
requirenent for inspection and subsequent
represervation.

(2) wWhen planning for the storage of
vehicles and artillery in covered storage
areas, factors to be considered include the
floor load rating of the applicable storage
area and the size, quantity, and |ocation of
the doors in the structure(s) involved.

(3) CH storage space provides a high
degree of protection to prevent item
deterioration which decreases COSI S
i nspection processing requirenments. To the
extent this space is available and
considering its necessary use for other
critical materi al
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this type of storage is al so suggested for
artillery, wheeled trucks and truck-
tractors, and tracked conbat, assault, and
tactical vehicles. It is recomended that
items equipped with fire control (critica
optics) conponents and other costly to
preserve conponents be furni shed CH storage.
When determ ni ng what type of storage space
to use for a specific application, it must
be renenbered that CH space is one of the
nmost costly type of storage space to
construct and naintain.

(4) General purpose storage space, though
obvi ously | ess advant ageous than CH, stil
of fers substantial protection fromthe
el enent s.

(5) Transitory shelters may be used for
the storage of vehicles and artillery.

(6) O all the types of covered storage
space, sheds offer the | east anount of
protection fromthe el enents since one side
is normally open. \When constructing sheds,
care should be taken to assure that a cl osed
side of the shed faces the direction of the
prevailing wind to mninmze the effects of
rain and snow.

c. Open storage areas. Use of open
storage areas results in the exposure of
material to the elenents; hence, the
material may deteriorate from exposure to
sun, rain, snow, dust, and sand. Exposure to
dust or sand (especially if w ndbl own) may
result in difficulties such as cl ogged fuel
lines and filters, stripping of paint or
other protective materials from exposed
surfaces, pitted glass, and mal function of
mechani cal parts. For these reasons, plus
t he advantages noted earlier for covered

storage areas, the use of open storage areas
is not recomended for wheeled and tracked
vehi cl es. However, since this material nust
oftentimes be stored in the open for a
variety of reasons, the follow ng actions
shoul d be taken to assure achi evenent of the
best possible results:

(1) Increase the degree of protection
over what is required for itens placed in
covered storage areas.

(2) Increase the frequency of inspection
over what is required for itenms placed in
covered storage areas. Al so, consider
i ncreasing the thoroughness of the
i nspecti on.

(3) For sone parts of certain vehicles
(e.g., cargo trailer beds, dunp truck
bodi es, etc.), take precautionary action to
reduce the accunul ati on of snow or
rai nwater. Such accunul ation may result in
the corrosion of both painted and
unprotected surfaces on these parts of this
type of vehicle. The probability of this
occurring may be reduced by el evating one
end of the vehicle or applicable vehicul ar
conmponent. Cargo trailers with tailgate
assenblies which allow noisture to run off
shoul d be el evated at one end (fig 5-14).
Dunp truck bodi es should be maintained in a
slightly elevated position by inserting a 4-
by 4-inch bl ock between the dunp body and
the vehicle’'s frame the tailgate may al so
require blocking to open slightly. Exposed
unpai nted and machi ned surfaces of the
hydraul i ¢ ram shoul d be preserved, then
wr apped in accordance with the requirenents
of the applicable nilitary servicel/ agency.
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Figure 5-14. End of trailer elevated to promote drainage.

(4) Wheel ed and tracked vehicles in open
(or covered) storage need not be bl ocked off
t he ground. However, vehicles which nmust be
stored in open areas should be placed on the
nost favorable terrain available to prevent
this equipment fromresting in nud or water
Where changing terrain or draining patterns
cause this condition to exist, the equipnent
shoul d be noved to a nore desirable area, or
sorme type of fill (e.g., gravel, stone
etc.), spread, or |anding nat positioned to
provide a nore suitable ground condition

5-14. Storage Patterns.

5-20

a. Ceneral. Wienever material is placed
within a storage area, the nanner in which
itenms are located in relation to one anot her
forms a pattern. This is referred to as a
"storage pattern." The back-to-back and the
bl ock storage patterns are two efficient
patterns for use in the storage of vehides
and artillery.

(1) The back-to-back storage pattern
consists of two rows of material placed in
proximty to one anot her as shown in figures
5-15 and 5-37. Note that an aisle separates
each double row so that any itemis
accessi bl e without the need to nove any
other item
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N

B Bl L e
- 1L A N I I
Figure 5-15. The back-to-back storage pattern.
(2) The bl ock storage pattern is made up the depth of the block, access to a specific
of nore than two rows of material placed in itemmy require that other itens nust be
proxinmty to one another as shown in figure noved.

5-16. Wth the block pattern, depending upon

5-21



TM 38- 400/ NAVSUP PUB 572/ AFNAN 23-210 MCO 4450. 14/ DLAM 4145. 12

HEENERR
LITTTTTTT]

LLITTTT]

LITTTITTTT

LIIITTTTT]

HEEN

LITTTTTTT

|

LI TTTTTT

LITTTTTTIT]

LITTTTTTT]

LITTTTTITT]

LI I TTTTT]

LI TTTTT]

Figure 5-16. The block storage pattern.

b. Selection of the proper pattern. Many
factors nmust be considered when deternining
the best storage pattern to use in a
specific situation. Factors which mnust
al ways be consi dered include, but are not

limted to, the follow ng:

(1) Efficient space utilization. A
bl ock storage pattern will nake nore
efficient use of space than will a back-to-

back pattern since the bl ock pattern
requires a mninmal quantity of aisles.

Al t hough bl ock patterns do result in nore
efficient use of space, consideration of
other factors discussed bel ow nay dictate
the use of a back-to-back pattern. However,
a specific single type of pattern need not
be used throughout an entire storage area;
it is pernmissable to use a conbi nati on of
bot h.

(2) Type of storage area. Normally,
there is nothing which will physically
inhibit the use of either type storag