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PRE FACE

This handbook, Life Cycle Environments, is the fourth in a series on the
nature and effects of environmental phenomena. Environmental factors -

natural and induced - are discussed individually in Parts Two and Three,
respectively, In this Part Four the real environment, to which materiel and
personnel are subjected, is described and its effects are discussed. These are
comprised of various combinations of the individual factors, often exhibiting
synergistic effects.

The contents are directed at the materiel design engineer to (!) alert him
to the multiplicity of environmental effects that affect materiel in a given
instance, and (2) provide him with sufficient information to identify the
specific environmental effects that require more extensive analyses, The
emphasis is on the totality of the factors characterizing a climate, on the
totality of effects experienced by classes of materiel, and on the totality of
factor combinations experienced in the life cycle - separated into logistic
and operational phases.

It is impractical to acknowledge the assistance of each individual or
organization which contributed to the preparation of this handbook,
Appreciation, however, is extended to the following organizations and
through them to the individuals concerned:

a, Frankford Arsenal

b. US Army Cold Regions and Research and Engineering Laboratory

c. US Army Engineer Topographic Laboratories

d, US Army Natick Laboratories

e, US Army Tank-Automotive Command

f, Atmospheric Sciences Laboratory, US Army Electronics Command.

"The handbook was prepared by the Research Triangle Institute, Research
Triangle Park, NC - for the Engineering Handbook Office of Duke
University, prime contractor to the US Army Materiel Command - under
the general direction of Dr. Robert M. Burger. Technical guidance and
coordination were provided by a committee under the direction of Mr.
Richard C. Navarin, Hq, US Army Materiel Command.

The Engineering Design Handbooks fall into two basic categories, those.
approved for release and sale, and those classified for security reasonm, The
US Army Materiel Command policy is to release these Einglneering Design
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Handbooks in accordance with current DOD Directive 7230.7, dated 18
September 1973. All unclassified Handbooks can be obtained from the
National Technical Information Service (NTIS). Procedures for acquiring
these Handbooks follow:

a. All Department of Army activities having need for the Handbooks
must submit their request on an official requisition form (DA Form 17,
dated Jan 70) directly to:

Commander
Letterkenny Army Depot
ATTN: AMXLE-ATD
Chambersburg, PA 17201

(Requests for classified documents must be submitted, with appropriate
"Need to Know" justification, to Letterkenny Army Depot,) DA activities
will not requisition Handbooks for further free distribution.

b. All other requestors, DOD, Navy, Air Force, Marine Corps, nonmilitary
Government agencies, contractors, private Industry, individuals, universities,
and others must purchase these Handbooks from:

National Technical Information Service
Department of Commerce
Springfield, VA 22151

Classified documents may be released on a "Need to Know" basis verified by
an official Department of Army representative and processed from Defense
Documentation Center (DDC), ATTN: DDC-TSR, Cameron Station,
Alexandria, VA 22314.

Comments and suggestions on this Handbook are welcome and should be
addressed to:

Commander
US Army Materiel Command
ATTN: AMCRD-TV
Alexandria, VA 22333

(DA Forms 2028, Recommended Changes to Publications, which are
available through normal publications supply channels, may be used for
comments/suggestions.)
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CHAPTER I

INTRODUCTION

This handbook presents information on the 1-1 ENVIRONMENT AND ENVIRONMEN.

environment to which Army materiel is TAL FACTORS
subjected during its life cycle. It is directed to
the materiel design engineer (I) to alert him Environment is the totality of natural and
to the multiplicity of environmental effects induced conditions occurring or encountered
on materiel, and (2) to provide him with at a given time or place including climatic,
sufficient information to identify specific edaphic, biotic, and topographic factors as
environmental elfects that require more well as the induced factors comprising
extensive analysis, The emphasis in the radiation of all types, mechanical stresses, and
chapters that follow is on the totality of airborne pollutants. For this handbook series,
factors characterizing a climate, on the 21 environmental factors are identified and
totality of effects experienced by classes of discussed. The natural environmental factors
materiel, and on the totality of factor are:
combinations experienced in the life cycle
separated into logistic and operational phases. Terrain
That the presentation is incomplete reflects Temperature
on the limited availability of information on Humidity
life cycle environments and on practical Pressure
limitations on the recovery of this informa- Solar Radiation
tion from diverse sources. Rain

Solid Precipitation
This handbook is Part Four of the Fog and Whiteout

Environmental Series of Engineering Design Wind
Handbooks, Part One, Basic Epti'ronmental Salt, Salt Fog, and Salt Water
C oncepts, introduces the series, Parts Two Ozone
and Three provide extensive information on Macrobiological Organisms
environmental' factors taken singly, and Part Microbiological Organisms
Five provides a glossary. Although this series
is coordinated, each part may be employed The induced environmental factors are:
separately. There is. therefore, a desirable
degree of overlap in the contents, although Atmospheric Pollutants
the objective of each of the handbooks is Sand and Dust
distinct from the others. For example, a Vibration
pervasive environmental factor may be dis- Shock
cussed for different purposes in a number of Acceleration
chapters; e.g., temperature is the subject of Acoustics
one chapter in Part Two where it is treated as Electromagnetic Radiation
a distinct factor and is treated in other Nuclear Radiation
Chapters in Parts Two and Three where its
inter. tiouis with other factors are brought For some purposes the term "environ-
out. ment" covers all possible combinations of
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factors-it is a monolithic whole. By this protect the materiel. It turns out, however,
definition, any subdivision of the environ- that the climatic environment experienced by
ment into segments is a violation of the materiel in a given location at a given time
definition and is completely arbitrary. How- does, indeed, vary with status-- not because
ever, there are practical reasons for defining the climatic environment has changed, but
specific environmerts or regions of the because the status of materiel is related to the
environment characterized by the occur,-ence amount of protection provided the materiel.
and severity of various combinations of As a result, it is possible to correlat. axposure
environmental factors. This permits logical to climatic factors with specific events or
derivation of environmental concepts and phases in the life cycle of materiel, based on
provides a means for discussing a complex, the protective measures employed. A prime
multiparameter, multivalue situation. Certain example would Ue the difference in materiel
combinations of environmental factors occur exposure to ambient climatic factors resulting
with sufficient frequency to be useful in from open storage versus dehumidified,
categorizing environment without redefining covered storage,
the occurrence and magnitude of environ-
mental factors each time. Finally, the use of a Three of the natural environmental fac-
broader definition is attractive because tors.-terrain, mac,'obiological organisms, and

Scategories of environment can be identified microbiological organisras--are not primarily
(correlated) with specific events or stages in functions of climate, although the severity of
the life cycle of materiel, effects produced by the three factors is

influenced greatly by climatic factors, Cron-
The practice in this handbook series is to erally, the severity of the effects of these

I allow identification of types of environments three factors must be assessed for each
or specific regions of the environment. It does climatic type independently.
not, however, extend to the identification of
an environment by one environmental factor-
i.e., terminology such as "the electromagnetic The induced environmental factors are

radiation environment" is in contradiction to mixed in their relationship to natural and
the definition. The environment is the totality climatic factors-some are, strongly related to
of all factors at a given time or place and the certain natural factors in their effects on
use of "tropical" or "logistics" se-ve only to materiel and some are virtually independent
identify the time or place. of all other environmental factors, natural or

induced. It is instructive to consider the

One useful way in which environment is relative independence of the induced factors

classified is by climate-the occurrence of separately.
particular combinations of natural environ-
mental factors and factor values in particular Atmospheric pollutants interact with
geographic regions. Table I-I demonstrates humidity, rain, solar radiation, salt, salt fog,
the relationship among the various individual salt water, and ozone (a pollutant itself at
environmental factors and the four major times) to accelerate corrosion and other
climatic types: temperate, arctic, desert, and deteriorative processes, Induced sand and dust
tropical, It is important to note that a are caused primarily by vehicular movesment.
classification system based on climate is not Yet, if rain or even high humidity is present,
rclated directly to effects on materiel, the likelihood of sand and dust being

generated hy vehicle traverse is nearly zero.
The climatic environment in a particular Terrain also is related since, if sand and dust

geographic location at a particular time is the are not present on the surface of the terrain
same for all materiel in that location (hard rock surfaces), no reasonable amount of
regardless of the itatus of the materiel, unless vehicle traffic will induce sand and dust
it is modified by special measures taken to problems.

1-2
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TABLE 1-1.

RELATIONSHIP OF ENVIRONMENTAL FACTORS TO CLIMATE

Factor Temperate Arctic Desert Tropical

Terrain +++ +++ +.. +++

Low temperature ++ .+. 0 0

High temperature + 0 +++ ++

Low humidity 0 0 ++ 0

High humidity ++ + 0 +++

Pressure 0 0 0 +

Solar radiation + 4+ 4+ ++

Rain ++ + + ++

Fog ++ ++ 0 0

Solid precipitation ++ ++ 0 0

Whiteout and ice fog 0 ++ 0 0

Salt, salt fog, salt water + + + ++

Wind + ++ + +

Ozone * * * *

Macrobiological organisms + 0 0 +

Microbiological organisms + 0 0 +++

Atmospheric pollutants * * * *

• Sand & dust 4, 0 *+4 +

Shock * * * *

Vibration * * * *

Acceleration * * * *

Acoustics * * * *

Electromagnetic radiation * * * *

Nuclear radiation * * * *

+++ Key factor
++ Important factor

+ Active factor
0 Unimportant or absent factor
* Little or no climatic relationship

Shock, vibration, and acceleration forces vehicles and weapons are subject to shock and
are applied to most materiel, primarily during vibration during normal use. Acceleration is
transportation and handling. The shock and rather unique in that highly unusual circum-
vibration of materiel during surface transit is stances are required before accelerations of
related directly to the surface characteristics magnitude sufficient to have an effect on
of the terrain traversed. Some materiel such as materiel occur. The occurrence of significant
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acceleration magnitudes lies so far outside the to be a low probability event in the materiel
normal environment of military materiel life cycle, it is not discussed.
(with the possible exception of rockets and
projectiles) thet it is rare. Because of the The factors thus exempted from discussion
infrequent occurrence of this factor in herein are acceleration, acoustics, electro-
significant magnitudes in the normal life cycle magnetic radiation, and nuclear radiation. A
of materiel, it will not be discussed further in number of other factors are discussed in little
this volume. detail because their interrelationships are

rather simple, so that the single-factor
The induced radiation factors are almost discussions are adequate approximations to

independent of other environmental factors, their overall effects, In life cycle discussions
Electromagnetic radiation produces two ef- herein, primary emphasis is given to those
fects on materiel: (1) RF heating whose complexes of interrelated and simultaneously
effects are additive to those produced by occurring factors that produce signiticant
temperature and solar radiation, and (2) effects on materiel. The probability of
electromagnetic interference, which is essen- simultaneous occurrence of natural factors is
tially independent (except for terrain block- delineated clearly when these natural factors
ing effects) of other factors, It also should be are categorized by climate. Because of the
noted that electromagnetic interference ef- existence of this correlation, climatic types
fects are rather specific affecting only form the foundation for discussion of natural
specialized types of materiel (primuaily climatic factors in the life cycle environment.
electronic equipment and then mostly equip- Discussion of nonclimatic factors in life cycle
ment that radiates or receives electromagnetic environments is integrated within this struc-
energy), Acoustics is a similar factor. Noise, as ture.
normally encountered, primarily affects per-
sonnel and can be neglected for most 1-2 MATERIEL
discussions of materiel, although it can be
technically significant in materiel design when Materiel is defined as all items necessary for
silence is necessary or useful for concealment the equipment, maintenance, operation, and
purposes, or when the noise frequency and support of military activities without distinc-
intensity is injurious to personnel. tion as to their application. While this

handbook Is concerned with all materiel, it
Nuclear radiation is a very low probability places emphasis on those classes of materiel

event, requiring nuclear war or an accidental that (i) constitute more of a problem because
nuclear explosion. Should such a nuclear of their susceptibility to environmental
event occur, however, the effects produced on effects, (2) are critical to military activities, or
materiel nearby are -o overwhelming that all (3) are of high value, For example, little
other environmental factors pale into insignif- emphasis is placed on fuel in the logistic
icance. environment because of the few adverse

effects to consider but much emphasis is
In this volume certain specific environ- placed on personnel equipment items and

mental factors will not be discussed. Those vehicles in the operations environment be-
omitted were selected by using two criteria: cause of the important effects of environment

on these items and because of their critical
(I) If a factor is virtually independent of roles,

all other factors, it will not be discussed
because its effects already have been covered The interaction of materiel with environ-
fully in the single-factor discussions of Parts ment is characterized in a variety of ways,
Two and Three. One indication of the interaction level of

various classes of materiel and some opera-
(2) If occurrence of a factor is considered tions is given in Table 1-2. These data are

1-4
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events experienced by materiel from the point Within these constraints, tile logistic cycle
of procurement until its final disposition. begins at the point of procurement and

extends until issue of materiel to operating
Matrriel procured by the Army is procured personnel.

for use, regardless of whether that use consists
of (I) a single occurrence in which the The logistic cycle as illustrated in Fig. 1-1
materiel is expended or destroyed, or (2) consists of procurement packaging transport,
repetitive uses over a relatively long period of storage, and issue. Within this cycle it is
time. Generally, Army materiel Is not apparent that handling is an important part of
acquired at the geographic location at which the logistic environment because of its
it is used, it is transported from the point of repetitive nature and severe stresses (primarily
procurement to the point of use, Most mechanical shock and vibration), In the
materiel is procured sometime prior to its use diagram, the storage-transport loop illustrates
and consequently must be stored until tile repetitive pattern of storage, handling,
needed. and transport of materiel in tile logistic cycle.

For example, materiel may be transported
The materiel life cycle--extending from from the point of procurement to a

procurement to expenditure or disposal- warehouse within the continental United
consists of two phases: (I) the transportation States and stored for a period of time. It may
and storage necessary to give place and time then be transported to an overseas base and

utility to materiel, and (2) operational use of again stored for an additional period of time,
the materiel, These two phases can be defined Finally, it may be transported to u lower
as being the logistic and the operational echelon and stored again, with issue to the
phases of the materiel life cycle. The operating unit occurring after a number of
environment experienced by materiel in these such cycles.
two phases of the life cycle are sufficiently
different to be uniquely characterized as the
logistic environment and the operations 1-3.2 OPERATIONS PHASE
environment,

The operations environment is defined In
the Dictionary of Military and Associated

1-3.1 LOGISTIC PHASE Terms us a composite of the conditions,
circumstances, and influences that affect the

The Dictionary ojMWltary and Associated employment of military forces and bear on
Terms defines logistics as the science of the decisions of the commander (Ref. 3). The
planning and carrying out the movement and operational phase of the materiel life cycle ismaintenance of' forces (Ref. 3). In its most defined In (his handbook to mean those•'

comprehensive sense, it comprises those conditions, circumstances, and influences that
aspects of military operations that deal with affect materiel during the period of time from
design, development, procurement, storage, issue to a user organization until expenditure
movement, distribution, maintenance, evaeua- or disposal.
tion, and disposition of materiel, In this
handbook, logistics has a narrower usage. Once materiel has been issued to the using
First, the design and development stages are unit, it is in the operational environment. Fig,
not included since the environments of these 1-2 illustrates the major events that occur in
activities do not affect procured materiel, the operational cycle. Most materiel is not
Second, maintenance, evacuation, and disposi- used immediately upon issue but rather must
tion of materiel are not included since the await the proper circumstance before its use,
environment in these portions of the logistic Materiel in the hands of the user, but not in
cycle have little importance-if it is to be use, Is in operational storage. After opera-
reused, the materiel will first be refurbished. tional storage, materiel is transported to the
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point of use and finally used for the purpose environment. To this point In the life cycle,
for which it was designed. [/ materiel is remphasis is on maintaining the materiel in
reusable or reparable after use, it may be something close to Its original ctioicn, In,' transported to a depot for repair and operational use, material is not protected..!f
servicing, after which It reenters the logistic the materiel is expendable, it must function

meesystem for reuse, p les cycles, outlined in while being used -ammunition, fuel, and
Fig. 1-2, have some variation as indicajed by rations must perform their intended functions?' the multiple loops. When equipment or regardless of climate or other environmental

Smateriel has reached the point that mainte- factors. Nonexpendable materiel-vehicles,
,i nance and repair are no longer profitable, the shelters, weapons, tools, electronics, and
: materiel is transported for disposal. The cycle utilities-must continue to function, often

outlined in Fig. 1-2 is applicable to major A.,th wide variations in environmental factor

maintenance only; much minor repair and value. Often, the maximum stress is caused by
maintenance is done by the user. The an extreme environmental condition. For
generalized description of the operationAl example, typical extreme stresses on vehicles
phase varies greatly among the different types are encountered in mud, snow, or river
of materiel. crossings; for shelters, extreme temperatures,

wind, and precipitation constitute extreme
The operational use of materiel provides operational stresses. The effects of the

the most important encounter with the operational environment often constitute the

1-7
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1-4 ENVIRONMENTAL EFFECTS IN THE
SIssue LIFE CYCLE

Having defined the logistic and operational
phases of the materiel life cycle in the

' ' st g preceding paragraph, it is apparent that
Operational stora•e storage and transport are important in both.

To illustrate relationships between transport
modes and environment, Table 1-3 presents a
comparison of the four major modeb of

Transport transport: truck, rail, ship, and air. In this
table, the environmental exposures that occur
for open and closed transport are described,
and the oiwlronniental factors that produce
the more significant effects within each

Use J environmental exposure are listed,

Table 1-4 lists the relationships betwee-n
* Itypes of storage and the environment

Transportexperienced by materiel, Three representative
Transport types of storage are used to illustrate the

range of environmental exposure which can
occur to materiel in storage, As ii Table 1-3
the environment is described along with the

Maintenance most significant environmental factors,

TranportIsgue

Disposal
Operational

Figure 1-2. Operational Cycle orage
(Reusable Items)

major rnason for materiel failure, thereby
determining the length of the operational - ,ranspo
phase of the life cycle.

The operational cycle for expendable items
is considerably less complex as shown in Fig.
1-3. In this case, materiel that is Issued to ther
using unit is placed in operational storage and Use
"transported to the location where its use is I
required. or course, for expendable items, Figure 1.3, Operational Cycle
this use terminates the life cycle of the item. (Expendable Items)

1-8
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Table 1-5 depicts the relationship of dation, and mechanical and chemical damage
environmental factors to various stages in to materiel.
materiel life cycles. In this table the natural
and induced environmental factors are listed. Chap. 4 approaches the effects of environ-
The columns represent important stages in the ment on operations from the standpoint of
logistic and operational environments. The the total environment. The combinations of
logistic environment cycle includes transport, factors likely to occur in specific environ-
storage, handling, and use. The operational ments and the interactions that produce
environment cycle includes transport, storage, significant effects on materiel are detailed for
handling, and use. In both cases storage is the three extreme climatic environments.
considered to be sheltered storage. Open Pars. 4-2, 4-3, 4-4, and 4-5 discuss the
storage is in a separate column since it is the rapid-acting environmental factors that impair
same regardless of whether the materiel is in operational execution, whereas par. 4-6
the logistic or the operational environment, discusses the factors that impair operational
Within this matrix, qualitative information is readiness. The factors of most significance in
presented concerning the number of different operational readiness are those that produce
materiel types affected by the environmental materiel degradation.
factor, the severity of the effect produced on
the affected materiel, the significance of the The logistic environment Is explored In
factors to the phases of the life cycle, and the Chap. 5. Although it may seem more
frequency of occurrence of the effects of the appropriate to discuss the logistic environ-
various factors. While the information pre- ment before the operations environment since
sented is qualitative, the utility of the table is It occurs earlier in the materiel life cycle, the
the concise comparison of the relative operational environment involves the greater
importance of environmental factors in the exposure to environmental factors and deline-
major phases of the materiel life cycle. ates the more general environment for

materiel. In the logistic environment, materiel
1-5 HANDBOOK ORGANIZATION is not exposed to the extremes experienced in

operations because it is protected (the
In deference to the unity of the environ- packaging and other protective measures

ment, the overall natural environment for applied to materiel in the logistic environment
materiel, regardless of its status or phase in are designed to reduce the extremes of
the life cycle, Is considered In Chap, 2 in environmental factors applied to materiel).
which the climates of the world are discussed. Thus, it can be seen that the logistic
Thi& serves to indicate the variety of climatic environment is a special case of the
conditions possible. Climatic extremes are operational environment in which the ex-
given to delineate the range of various tremes of certain factors are less.
climatic factors, and the climate of the Army
is discussed on the basis of the three major Handling, storage, and transportation are
severe climatic environments. These environ- three distinct functions in the logistic cycle,
ments are emphasized because the probability each with a different environment for
of materiel degradation or other inhibitory materiel. Handling is a function in every
effect is exaggerated by extreme environ- logistic operation, occurring whenever a
ments. change in status of the materiel occurs. It

produces mechanical shock and vibration
Having delineated the range of natural stresses on materiel. The storage environment

environmental factors to be expected in each depends upon the type of storage. The
climatic category, the effects of these factors transportation environment increases expo-
on materiel and personnel are considered in sure of materiel over that in storage. For
Chap. 3. The major effects on materiel example. in open shipment such as on decks
discussed include interference, mobility degra- of ships or in open boxcars or trucks, the
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packaged materiel is exposed to the full range determined primarily by specifications and
of the operational climate as well as to shock standards. These specifications and standar&
and vibration induced by the transporting produce the materiel design. Materiel design,
vehicle. in turn, determines its resistance to environ-

mental effects, thus determining the length of
Chap. 6 discusses specifications and stan- the life cycle. In Chap. 6 an overall discussion

dards, particularly in relationship to the of specifications and standards relating briefly
environment. Discussion of specifications and the history and impact of standards and
standards is important since the character- specifications is given, along with a discussion
istics of the materiel that enters the military of those standards and specifications particu-
logistic and operational environments are larly related to environment.
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CHAPTER 2

OPERATIONAL CLIMATES OF THE ARMY

2-1 INTRODUCTION identification of the factor values assoviqied
with a given type of climrte in order to

'The operational climate of the Army understand how they may work together to

clearly encompasses the full spectrum of produce materiel effects,

terrestrial climates, In nonmilitary activities,
extreme climatic stress conditions can be and Natural envitonnpental factors that affect
usually are avoided, but in military operations materiel can be categorized into three groups:
this option cannot be exercised. The exposure climatic factors, terrain factors, and biological
of materiel to environmental extremes con- factors. Climatic factors include temperature,
stitutes, therefore, the most important differ- humidity, pressure, solar radiation, rain, solid
ence between the climate of the Army and precipitants, fog, wind, salt, ozone, and sand
climates encountered by nonmilitary materiel, and dust. Terrain includes topography, soils,
Most military materiel will not be exposed to hydrography, and vegetation. Biological fac-
extreme conditions and that which is will torq may be subdivided on the basis of size,
only be exposed for a small percentage of its i.e., macroblological and microbiological
life cycle, Nevertheless, when such exposure organisms.
occurs, the materiel must perform its
intended function, Thus, this chapter on the In the discussions of individual environ-
climates of the Army includes general mental factors given in previous parts of this
descriptive information on world climates handbook series, various combinations of
with particular note of climatic extremes, but factors are considered. For example, environ-
most attention is given to those climatic types mental factors that produce additive effects
that provide the most stress on materiel.-the or effects that are greater than the sum of the
tropical, desert, and arctic environments, effects of environmental factors occurring

singly, i.e., synergisms, have been identified.
Part One of this Environmental Series of However. no concerted effort has been made

Engineering Design Handbooks contains de- to identify combinations of factors that are
scriptions of world climates, and Parts Two likely to occur in the various natural climatic
and Three include descriptions of climate as types or to delineate the effect of the
relevant to particular environmental factors, combined environmental factors on materiel.
Thus, a portion of the material in this chapter Because of' the large number of factors and
is redundant with information In other parts value ranges in the various natural climates
of this handbook series, but the duplication is and the extremely large number of possible
necessitated by the importance of climate in combinations of environmental factors, at-
consideration of materiel life cycles. temots to perform multifactor analysis of

environment have been limited largely to
All real environments involve a number of simple examples. The simplest and most

environmental factors acting in parallel or in obvious approach is that characterized as
concert. Even In simulation, it is difficult to single-factor environmental analysis, which
subordinate the effects of all factors except permits detailed discussions of' the individual
one, Thus, a description of climate requires factor and its effect without becoming so
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complex or lergthy as to compromise its It has been pointed out that there are
usefulness. important differences between the conditionsconsidered normal for military operations and

The next level of sophistication in environ- those considered normal for civilian activities.

mental analysis is to e.tamlne pairs of factors, Conditions considered normal to the military
In this type of analysis, environmental factors environment are decidedly abnormal for
are grouped into pairs based upon their civilian activities. A good example of this is
likelihood of cooccurrence or upon their found in off-road use of trucks, which is
synergism, Two-factor analysis was Intro- normal In military operations, In on-road
duced in Part One and is discussed further in civilian applications of trucks, the engines and
Chap, 3 of this handbook, Although multi- other vehicle components are expected to
factor analysis has been studied, little progress have a life of at least 100,000 ml but the same
has been made in modeling this general and truck can fall in 2,000 mi or less when used in
complex case. Possibly, a computer technique military applications. This Is a direct result of
may be developed for treating the multifactor extreme climatic and terrain stresses and
environment which will be adequate for tI,,1'rates the fact that Army materiel must
prediction and analysis of such environmental .onsiderably different from nonmilitary
effects. mnaeriel, the differences are derived directly

from the requirement for performance in
Two-factor combinations that have been extreme environmental conditions,

studied are generally those characterized as
climatic factors. For example, meteorological AR 70-38 defines four broad types of
studies have been accumulating data for many climate and eight climatic categories (Ref. i).
years% hence, more is known about the Each of the eight categories is defined
cooccurrence of climatic factors than for any primarily by given ranges of temperature and
other multifactor combinations. This empha- humidity. Table 2-1 lists the four climatic
sizes -he importance of climate in man's types and their relationship to the eight
activi'.ies it is no less Important to the climatic categories, The geographic distribu-
military. tion of' these climatic categories is given on a

map in Part One of the Environmental Series
In contrast to other studies, military efforts of Engineering Design Handbooks and is also

have included vegetation and terrain along found in AR 70-38.
with the more obvious factors- temperature
windspeed, precipitation, relative humidity, While the definitions of climatic types and
and air pressure as part of the climate. This is categories given in AR 70-38 are official for
appropriate because the climate determines Army materiel design purposes, other climatic
the nature of the vegetation (as well as the classification systems have been defined for
remainder of the macrobiological and micro- special purposes (Ref. 2). In one of these, six
biological environment) and because many climatic types-icecap and arctic, desert,
characteristics of the terrain depend on tropical, maritime, continental, and high.
natural factors and are important for military land-were designated, These are described in
purposes, Table 2-2.

In this chapter we are concerned with Experience has shown that a strong
climate and thus the natural environmental correlation exists between climate and mate-
factors. Since induced environmental factors riel effect. Just as is done for nonmilitary
are results of man's activities, they may be materiel, designers tend to design for normal
created anywhere and at any time, The temperate climate, When materiel is used in
regular patterns of climate, howrever, are one of the extreme climatic conditions, the
readily identifiable and provide a basis for materiel often fails, If materiel Is designed to
materiel design. perform in the extreme climate, it will very
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TABLE 21.

CLIMATIC TYPES AND CATEGORIES

Climatic type Climatic category

A, Hot-dry 1. Hot-dry

2. Wet-warm
B. Hot-wet 3. Wet-hot

(4. Humid-hot Coastal Desert

C. Intermediate 6. Intermediate Hot-dry
16. Intermediate Cold

D. Cold 7. Cold
18. Extreme Cold

seldom fall in the intermediate climate find this material useful, and, if information
because the stresses are less. It follows that, if on any specific environmental factor is
materiel is designed to survive extreme required, reference to either Part Two or Part
climatic conditions, it will perform well in the Three probably will be more informative.
Intermediate climatic regions: hence, these
need not be considered in any detail. 2-2.1 GEOGRAPHIC CORRELATIONS OF

CLI MATE

SExtreme climatic types, previously identi-

fled, are these: tropical, corresponding to the Climate is by detinition strongly corre-
wet-hot category of AR 70-38; desert, lated with geography. 'T'he reasonably well-
corresponding to the hot-dry category- and informed individual associates cold, heat,
arctic, corresponding to the cold and high humidity, and frequent rain or snow
extremely cold climatic categories, with reasonably welliellned regions of the

earth. Of these various climatic '•actors,
2.2 WORLD CLIMATES temperature, humidit), and precipitation are

most often correlated with geographic areas.
General guidance for materiel design Other factors such as fog, wind, salt, and

engineers may be obtained from knowledge of microbiological organisms also are associated
general climatic patterns; more specific with local regions, but this association often
information is to be obtained from detailed is based on specific known conditions and is
information on extreme climates. The pur- restricted in extent. It is equally useful to
pose of this paragraph is to provide identify areas in which certain of the
information on general climatic patterns. In environmental factors do not affect materiel,
Part One of this handbook series, the nature In the remainder of this paragraph, world
of world climates is introduced but, aside patterns of temperature and precipitation are
from that, this is the only discussion in the examined.
Environmental Series of all of the important
factors associated with world and continental The temperature at any particular place
climates, A design engineer with a strong on earth depends primarily on the amount
background in geography probably will not and distribution of solar energy, but it is
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TABLE 2.2.
A CLIMATE CLASSIFICATION SYSTEM (Ref. 2)

Climate type Description

Icecap and arctic -65*F outside air temperature, plus blowing snow at
15 mph and higher (4-hr duration)

Desert +125*F outside air temperature, plus 120 W ft"2 sular
radiation (4-hr duration)

Tropic (a) +750 to 95°F outside temperature, plus 4 in. hr"1
of rain (2-hr duration)

(b) +750 to 950F outside air temperature, plus salt
spray (4-hr duration)

(c) +95gF outside temperature, plus 120 W ft"2 solar
radiation (4-hr duration)

(d) +75o to 90°F outside temperature, plus 95%
relative humidity (4-hr duration)

Maritime (a) +650 F outside air temperature, plus fog (4-hr
duration)

(b) +80*F outside air temperature, plus 90% relative
humidity (4-hr duration)

(c) +70*F outside air temperature, plus salt spray
(4-hr duration)

(d) +750F outside air temperature, plus 4 in. hr 1l

of rain (2-hr duration)

(e) +100OF outside air temperature, plus 120 W ft"2

solar radiation (4-hr duration)

Continental (a) +901F outside air temperature, plus 120 W ft"2

solar radiation (4-hr duration)

(b) +80*F outside air temperature, plus sand and
dust (4-hr duration)

(c) +90OF outside air temperature, plus 95% relative
humidity (4-hr duration)

(d) +20°F outside air temperature, plus blowing snow
at 40 mph and higher (4-hr duration)

Highland Highlands are those regions above 6,000 ft altitude.
Variations in climate between highland areas are
great, and no typical conditions can be specified.
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also affected by wind patterns, topography, thunderstorms or in the convective wind
and ocean currents. The amount of solar systems typical of the Tropics. Water vapor
energy received depends primarily on lati- laden air also may be forced to rise by

tude. Fig. 2-1(A) and (B) show the average topographic features along the prevailing
earth surface temperature for the months of wind direction as occurs on the southern or
January and July, respectively. windward slopes of the Himalayas and in the

path of the southwest monsoons of India. In

It may be noted that, in the winter of the the United States, migratory low pressure
Northern Hemisphere, the poleward tempera- formations produce gradual rising air pat-
ture gradient north of latitude 15 deg N. is terns, producing condensation and precipita-
very steep over the interior of North tion.
America, i.e., the lines of constant tempera-
ture (isotherms) are closely spaced. The Heaviest precipitation is found in the
temperature gradient is also steep in the 'i opics where the high temperatures cause a
vicinity of the cold pole of Asia, indicated large water vapor content in the atmos-
by a -50"F temperature, phere-although rainfall occurs only where

conditions i'ivor condensation. Also, certain
The more widely spaced iLotherais over regions In the high latitudes -such as south-

western Europe, to the east of the Atlantic ern Alaska, western Norway, and southern
SOcean and the North Atlantic Current Chile, where relatively warm moist winds
(where westerly winds prevail), show that from the sea are forced to climb to high
the temperature changes are much more elevations--experience heavy rainfall.
grad ual.

In stark contrast to the rainy regions are
In the wint,,r of the Southern Hemisphere the dry polar regions where the water vapor

(as shown on the map of Fig. 2-1(B)), the content of the air is always very low because
temperature decrease as one moves south is of low temperatures and very limited
very gradual and isothermnl deflections from evaporation. Dry areas also are found in the
the east-west direction are of minor impor- subtropical belt of high atmospheric pressure
tance because of the relative lack of (in the vicinity of latitude 30 deg on all
continental effects. In both hemispheres, continents, especially from the extreme
summer temperature gradients are very much western Sahara over a broad, somewhat
less than those that occur In winter. This is broken belt to the desert of' Gobi) and the
particularly true over the middle and higher arid strip on the lee side of mountains on
northern latitudes because of the greater whose windward slopes precipitation is
warming of the extensive interiors of North heavy. These low latitude areas are dry

America and Eurasia. although the temperature may be high
because conditions are unfavorable to the

The form of precipitation, solid or liquid, condensation of whatever water vapor may
depends largely on the temperature, which be present in the atmosphere.
may be influenced more by elevation than
by latitude. This is evidenced by the Most other geographical correlations of
perpetually snow-covered mountain peaks climatic factors result from specialized con-
close to the ElUator in both South America ditions of limited extent. For example, fog
and Africa. Fig. 2-2 shows the general Is commoni off* the coast of Ubrador where
pattern of annual precipitation meCasured in the Gulf Stream interfaces with cold arctic
inches of water. Precipitation is governed by winds, there tire hail belts in midcontinental
the water vapor content of the air and by regions of' both North America aid Eurasia:
the processes that lead to condensation. This warm coastal regions with prevailing wind
condensation generally is caused by air fromt the sea are subjected to large amounts
ascending to great elevations, either in of airborne .salt: and the polar regions with
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24-hr summer days experience tile highest eastern part of the North American conti-
daily solar radiation rate. nent, the average annual precipitation is

more than 40 in, In some southern regions
2-2.2 CONTINENTAL CLIMATES of the continent, rainfall is much greater,

but these regions are limited in extent and
The primary concern of the Army is with are determined by local topography and

climate on land areas of the earth. In this wind direction.
paragraph the general climatic features of
each of the major land bodies are discussed The climate of the large midregion of the
briefly (Ref. 3). Knowledge of marine continent varies betwý,en the extremes of the
climatic factors may also be required. in the arid west and the moderate east. Other
Marine Climatic Atlas of the World, informa- environmental factors are less geographically

tion is given on winds, pressure, storms, defined. Seasonally, hurricanes are found in
precipitation, visibiFty, cloud cover, air the southeast, fog on the northeast and
temperatures, and sea temperatures for each northwest coasts, the hail belt in the
month of the year (Ref. 4). midcontinent area, snow cover over the

northern half of the continent, and airborne
2-2.2.1 North America sand and dust in the arid southwest,

The North American continent, with its 2-2.2.2 South America
land area mainly in the middle and northern
latitudes, has a large central area with a A large part of South America lies within
typical continental-type climateý i.e., with the Tropics and has a characteristically
marked seasonal temperature extremes. tropical climate, The remaining rather nar-
These midcontinenthl extremes are not row southern portion is not subject to the
found in the coastal regjh',,s where both seasonal extremes of heat and cold that are
summer and wintee temperatures are inoder- found where wide land areas give full sway
atý. The prevailing westcrly wind movement to the continental-type climate as in North
carries the continental-type climate eastward America and Asia. Major temperature
so that the region of moderate temperatures anomalies are the results of the elevation of
along the Atlantic coast is relatively narrow. the Andean regions which stretch from

Panama to Cape Horn.
In the southern parts of the North

American continent, the climate varies from The Arctic Current and its cool Humboldt
subtropical at low elevations to temperate at branch spread along the western coast
the higher levels. The northern areas of the northward to the Equator arid, with a
continent are very cold, but the midwinter prevailing onshore wind, exert a strong
low temperatures are not as low as those cooling influence on the western coastal
experienced in the cold pole region of regions of South America except for
northeastern Siberia which is surrounded by Colombia. On the east coast, the southerly
a larger landmass. moving current from tropical waters has an

opposite, warming effect except along south-
On the northwestern slope of the conti- ern Argentina.

nent a narrow strip of land reaches from the
Aleutian peninsula to northern California, In the northern part of South America,
which is west of the crest of the mountains, the sharply contrasted dry ahid wet seasons
In this region annual precipitation is over 40 are related to the regime of the trade winds.
in.; it exceeds 100 in. at some points along In the dry season (corresponding to winter
the coast of Canada. East of this coastal in the Northern Hemisphere), these winds
region, precipitation levels decrease abruptly sweep the entire region, while. during the
to annual totals of less than 20 in. In the wet season (corresponding to summer in the
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Noirthern Hemisphere), cahin and variable the year. The chief seasonal variation in
winds prevail. In the basin of the Amazon precipitation is the marked winter maximum
River, rainfall is related to the equatorial and the very dry summers along the
belt of low pressure and to the trade winds, Mediterranean coast. Generally, elevations
which give the maximum amount of rvinfall and the continental landmass have few
in the extreme west, where they ascend thi effects on isotherms, such as are found in
slopes of the Andes. North America. In Scandinavia. however, the

winter map shows an abrupt fall in tempera-The desert areas on the west coast of tare from the western coast of Norway to
South America, extending from the Equator the eastern coast of Sweden and a continued
southward to the latitude of Santiago, Chile, fall eastward, tending to be more continental
are due primarily to the cold Humboldt or in contrast to the oceanic climate on the
Peruvian current. Because the moist cool west.
ocean air is warmed in passing oveý the land,
tie relative humidity decreases, the dew- 2-2.2.4 Asia
point is not reached, and condensation of
vapor does not occur until the air reaches The large size of' the Asian landmass gives
the high elevations in the Andes. There, full opportunity for continental conditions

tememuch lower tai along the to develop a cold area of high barometric
nChile, the summer has pressure in winter and a low pressure, hot

moderate rainfall and winters are wet. The area in summer. The former is northeast of
conditions that prevail tarther north are not the Himalayas and the latter stretches from
present here, and condensation of moisture west to east in the latitude of northern
from the ocean progresses from the shores India. These distributions of pressure give
up to the crest of the Andes, By the time India the well-known monsoon season,
the air passes these elevations, however, the during which the wind comes from one
moisture has been so depleted that the direction for several months and affects the
winds on the leeward slopes are dry, rainfall over all of' eastern Asia.
becoming more so as they are warmed at
lower levels. The mountains cast a great In winter, air circulation is outward over
"rain sthadow" (an area of little rain) over the land from the cold pole, and precipita-
southern Argentina. tion is very light over the entire continent.

In summer, on the contrary, there is an
2-2.2.3 Europe inflow of air from the oceans- even the

Europe does not have an extensive southieast trade winds flow across the
nurih-south mountain system, as found in Equator and merge into the southwest
the Americas, and the general eastwest monsoon that crosses India. This usually
direction of the mountain ranges in the produces abundant rain over most of that
south causes a gradual change in climate country, with excessively heavy amounts
from the Atlantic to the east. Generally, when the air is forced to rise, even to

rainfall is heaviest on the western coast, moderate elevations, in its passage over the
where in sonic places it exceeds 00 in. land. At Cherrapunji (4,450 ft) on the
annually, and diminishes towards the east southern side of the Khasi Hills in Assam,
except in the elevated Alps and Caucasus *to the average monthly rainfall in winter is
less than 20 in. in western Russia. There is a about I in., while in both June and July it
well-defined rain shadow in Scandinavia, is approximately 100 in. This heavy summer
with over 60 in. of' rain in western Norway rainfall meets an impassable barrier in the
and less than 20 in. in eastern Sweden. Himalaya Mountains, while the much lighter

summer rainfall over Japan and eastern Asia
Over much of Europe, rainfall is both does not extend very far into China because

abundant and evenly ,distributed throughout of' lesser elevations. Consequently, while the
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southeast quadrant of Asia (including tile Thig marked increase of precipitation does

East Indies) has heavy rainfall, the remainder not extend to the eastern portion of the
of the continent is dry with vast areas middle region of the continent where the
receiving less than 10 in. annually, annual amounts received are below 40 in.

and decrease to less than 10 in. on the coast
North of the Himalayas, the low plains of Somalia. A rapid fall in precipitation

are cold in winter and temperatures rise occurs south of ,the central rainy area
rather high in summer. At Verkhoyansk in toward the arid regions of southwest Africa.
the cold pole area and north of the Arctic Heavy rainfall occurs over sections of
Circle, the mean temperature in January is Ethiopia from June to October, when more
abcut --59°F and in July approximately than 40 in, fall, causing the overflowing of
640F. the otherwise arid Nile Valley-one of the

outstanding features of seasonal distribution
In southwestern Asia the winter tempera- of rainfall on the earth,

ture control Is still the Interior high pressure
area, and temperatures are generally low, Moist equatorial climate is typified by
especially in high elevations. In summer in conditions in the Congo region: arid-torrid
low elevations, excessively high maxima are climate by those in the Sahara: and
recorded, e,g., in the Tigris-Euphrates Valley, moderate plateau climate by those found in

parts of Ethiopia. Guin.a. and Tanzania.

2-2.2.5 Africa 2-2.2.6 Australia

Africa, like South America, lies largely In the southern winter, a high pressure
within the Tropics, and its temperature belt crosses the interior of Australia, and all
distribution Is determined mainly by alti- except tie southernmost parts of the
tude. Along the southern portion of the continent are dry, In summer, this pressure
western coast, the cool enguela Current belt moves south of the continent, still
moves northward; while, the warm tropical giving dry conditions over the southern and
currents of the Indian Ocean flow along the western areas. Thus, the total annual precipi-
eastern coast, creating conditions closely tation is less than 20 in. except in the
paralleling those found around the South extreme southwest and in a strip curving
American continent. In the strictly tropical from southeast to northwest. The average
areas of Africa. conditions are characterized annual precipitation is less than 10 In. in a
by prevailing low barometric pressure, with large south-central area,
convectional rainfall: while, in both the
north and the south, the ruling influences In the south the winter precipitation is
are the belts of high barometric pressure, the cyclonic type. The heavy summer rains

of the north are of monsoon origin: and
Except in the Atlas Mountains in the those of the coast are of orographic origin,

northwest where high elevations form a owing to the presence of' the highlands in
barrier in the path of trade winds and the immediate vicinity of the coast. In the
produce moderate rainfall, desert conditions outer border of the rainfall strip along the
typified by the Sahara extend from the coastal region, the mean annual rainfall is
Atlantic to the Red Sea and from the over 40 in. and in many localities over 60
Mediterranean south to well beyond the in,
northern tropic to about the latitude of
southern Arabia. South of the Sahara, Because of the location of Australia,
rainfall increases rapidly, becoming abundant temperatures far below freezing are to be
to heavy from the west coast to the central found only in the south at high elevations.
lakes with annual maxima of 80 in. In the arid interior, extreme maximum

2-11



AMCP 706-113

temperatures are very high (maximum re- of steel and copper alloys caused by
ported is 128'F), ranking with those of the electrolytic action; fungous growth on or-
hottest regions of the earth. ganic materials such as canvas, felt, gasket

materials, sealing compounds, and optical
2-3 EXTREME VALUES OF NATURAL equipment; and deterioration through coiro-

ENVIRONMENTAL FACTORS sion and fungous growth in insulation,

rotating electrical machinery, demolition and
Weather extremes for the world and for mine detection equipment, meters, dry cell

North America are given in Figs, 2-3 and batteries, storage batteries, cables, and a
2-4, respectively, and in Table 2-3. In the variety of lesser components. Termites at-
table, the data are in order of decreasing tack wooden parts not impregnated with a
severity and are based on observations repellent agent.
obtained in accordance with protocol con-
cerning site, instrumentation, and procedures In the paragraphs that follow, the factor
of the World Meteorological Organization. values associated with the tropical climate
When an extreme phenomenon Is observed vaussocte wihherpclcime

are discussed and representative tropical days
and recorded and the record is accepted by are described, In these discussions, the
the appropriate meteorological service, it climatic factors are often discussed for the

indicates that the particular value is possible entire region of the Tropics. This is not to

because it has been observed. It does not imply that all parts of this region exhibit the

necessarily, or even probably, mean that It is characteristics of a tropical climate. Desert

the highest value that could occur or has and temperate climates also are included in

ever occurred. Extreme weather data are not the tropical zone. Only those areas with

always recorded-in fact, meteorological sufficiently high temperatures and humidities
are described properly as having a tropical

tions are few and records have been kept for climate.
only a short time. In addition, the size of
the earth has prohibited the obtaining of a
reasonable sample of the weather over the 2-4.1 TROPICAL CLIMATIC FACTORS
entire surface until the recent development
of meteorological satellites. The various natural climatic factors asso-

ciated with the Tropics are described

The recorded extremes for temperature, individually in the paragraphs that follow

relative humidity, absolute humidity, precipi. (Ref. 7).
tation, and solar radiation, along with the
locations in which these extremes iave 2-4.1.1 Temperature
occurred, are compared with the requlre-
ments of AR 70-38 and MIL-STD-210 in Most of the tropical troposphere Is
Table 2-4 (Refs. 1,5). characterized by small horizontal tempera-

ture gradients. Some large local temperature
2-4 THE TROPICAL ENVIRONMENT gradients are produced by land-sea breeze

Tropical climates generally are defined as effects and by cold upwelling ocean cur-

being typical of the hot-wet 'tropics or torrid rents: however, these diminish rapidly with

zone of the earth. The outstanding common altitude. Even the strongest cold fronts that

characteristics of tropical regions are high penetrate the Tropics are scarcely discernible

temperatures and high humidities. Tempera- in the surface temperature field. Fig. 2-5

ture extremes in the Tropics are given in give-; the mean sea level temperature for

Table 2-5. January and July in the Tropics. The
temperatures shown are averages of hourly

High temperatures and humidities cause temperature observations over a period of'
many materiel problems, Including corrosion years.
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TABLE 2-3.

WEATHER EXTREMES (Rf. 6)

Highest temperatures

1. World: El Azizia, Libya; 1360F on 13 September 1922
2. Western Hemisphere: Death Valley, Calif.; 134*F on 10 July 1913
3. Asia: Tirat Tivi, Israel; 1299F on 11 June 1942
4. Australia: Cloncurry, Queensland; 128SF on 16 January 1889
5. Europe: Seville, Spain; 1220F on 4 August 1881
6. S. America: Rivadavia, Argentina; 120OF on 11 December 1905
7. Antarctica: Esperanza, Antarctic Peninsula; 58°F on 20 October 1956
8. Persian Gulf: Sea surface; 96OF on 5 August 1924
9. Australia: Marble Bar, W. Australia, had temperatures of 1006F or

abMve on 162 consecutive days, 30 October 1923 to 7 April1924

Highest average temperatures

1. Africa: Dallol, Ethiopia; 940F average annual (possibly the highest
on earth)

2. United States: Key West, Fla.; 770F, highest U.S. average annual;
700F, warmest U.S. average winter

3. Western Hemisphere: Death Valley, Calif.; 980F, highest average
summer

Lowest temperatures

1. World: Vostok, Antarctica; -127°F on 24 August 1966
2. Northern Hemisphere: Verkhoyansk and Omekon, U.S.S.R.; -90OF on 5

and 7 February 1892 and on 6 February 1933,
respectively

3. Greenland: Northice; -870F on 9 January 1954
4. N. America (excluding Greenland): Snag, Yukon; -810F on 3 Februaryi' 1947
5. United States: Tanana, Alaska; -766F In January 1886
6. United States (excluding Alaska): Rogers Pass, Mont.; -700F on 20

January 1954
7. S. America: Sarmiento, Argentina; -27OF on 1 June 1907
8. Africa: Ifrane, Morocco; -116F on 11 February 1935
9. Australia: Charlotte Pass, New South Wales: -80F on 14 June 1945

and 22 July 1947

2-15
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TABLE 2-3 (Continued).
WEATHER EXTREMES (Ref. 6)

Lowest average temperatures

1. Antarctica: Plateau Station; -1000F mean monthly, July 1968;
-70F average annual, 1966-68

2. United States: Barrow, Alaska; 10OF lowest average annual;
376F lowest average summer

3. United States: Barter Island, Alaska; -60*F lowest average winter

Greatest ranges of temperature

1. U.S.S.R.: Verkhoyansk; -89.7* to 93.50F, a difference of 183 deg F
2. U.S.S.R.: Eastern Sayan Region; -53.2' to 93.2*F, a difference of

146 deg F, average annual range
3. United States: Spearfish, S. Dak.; -40 to 45*F, a difference of 49

deg F, greatest 2-mtn temperature rise, 22 January1943
4. United States: Browning, Mont,; 440 to -560F, a difference of 100

deg F, greatest 24-hr temperature fall, 23-24
January 1916

5. United States: Rapid City, S. Dak.; three temperature rises and two
falls of 40 deg F or over during a period of 3 hr
10 min., 22 JanuaryW4V

Greatest rainfall

1. World: Unionville, Md.; 1.23 in. in I min, 4 July 1956
2. World: Curtea-de-Arges, Romania; 8.10 in. in 20 mnn, 7 July 1889
3. World: Holt, Mo.; 12 in. in 42 min, 22 June 1947
4. World: Belouve, La Reunion 1.; 53 in. in 12 hr, 28-29 February 1964
5. World: Cilaos, La Reunion 1.; 74 in. In 24 hr, 15-16 March 1952
6. Northern Hemisphere: Paishih, Taiwan; 49 in. in 24 hr, 10-11 Sep-tember 1963

7. India: Dharampuri; 39 in. in 24 hr (possibly the world's greatest
on flat terrain), 2 July 1941

8. Australia: Crohamhurst, Queensland; 36 in. in 24 hr, 3 February 1893
9. World: Cilaos, La Reunion 1.; 152 in. in 5 day, 13-18 March 1952

10. World: Cherrapunji, India; 366 in. in 1 mo, July 1861
11. World: Cherrapunji, India; 1,042 in. in 12 no, August to July 1861

Greatest average annual precipitation

1. World: Mt. Waialeale, Kauai, Hawaii; 460 In. (30-yr period)
2. Asia: Cherrapunji, India; 450 in. (74 yr-period)
3. Africa: Debundscha, Cameroon; 405 In. (32-yr period)
4. S. America: Quibdo, Colombia; 354 in. (10-16 yr period)
5. N. America: Henderson Lake, British Columbia; 262 in. (14-yr period)
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TABLE 2-3 (Continued).
WEATHER EXTREMES (Ref. 6)

Greatest average annual precipitation (continued)

6. Alaska: Little Port Walter; 220 in.
7. Europe: Crkvice, Yugoslavia; 183 in. (22-yr period)
8. Australia: Tully, Queensland; 179 in. (31-yr period)
9. United States (conterminous): Wynoochee, Washington; 144 in.

10. Chile: Bahia Felix; average of 325 days yr-1 with rain

Least precipitation

1. Chile: Iquique; no rain for 14 consecutive years
2. United States: Bagdado Calif.; longest dry period, 767 days, from

3 October 1912 to 8 November 1914

Lowest average annual precipitation

1. World: Arica, Chile; 0.03 in. (59-yr period)
2. Africa: Wadi Halfa, Sudan; < 0.1 in. (39-yr period)
3. N. America: Bataques, Mexico; 1.2 in. (14-yr period)
4. United States: Death Valley, Calif.; 1.63 in.
5. Asia: Aden; 1.8 in. (50-yr period)
6. Australia: Mulka, S. Australia; 4.05 in. (34-yr period)
7. Europe: Astrakhan, U.S.S.R.; 6.4 in. (25-yr period)

Variability of precipitation

1. Cameroon: Debundscha; 75 in. average annual variability
2. Line Islands: Malden I.; 71% average annual variability
3. Tibet: Lhasa; 108% average annual variability (1935-38)

Hail

1. United States: Potter, Nebr.; largest officially recorded hail-
stone, 1-1/2 lb, 6 July 1928

Snowfall

1. N. America: Silver Lake, Colo.; 76 in., 14-15 April 1921
2. N. America: Mt. Shasta Ski Bowl, Calif.; 189 in. in one storm,

13-19 February 1959
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TABOL 2.3 (Continued).
WEATHER EXTREMES (RAe. 6)

Snowfall (continued)

3. N. America: Paradise Ranger Stations Wash.; 1,000 in. in one sea-
son, 1955-56

4. United States: Tamarack, Calif.; 461 in.. greatest depth of snow
on the ground, 11 March 1911

Thunderstorms

1. Uganda: Kampala; 242 average annual thundirstorm days
2. Indonesia: Bogor; 322 average annual thunderstorm days, 1916-19

Sea level air pressure

1. U.S.S.R.: Barnaul; highist, 31.84 In., January 1900
2. Philippine Sea; lowest, 25.90 in., 24 September 1958, estimated in

the eye of Typhoon Ida at latitude 19 dog N., longi-
tude 130 deg E.

Solar radiation

1. South Pole; 955 ly, average daily in December

Windspeed

1. World: Mt. Washington, N.H., 231 mph peak gust, 14 April 1934
2. World: Mt. Washington, N.H., 188 mph ($-min perlod), 12 Apr11 1934
3. United States: Mt. Washington, N.H., 35 mph average annual

Oewpoint (humidity)

1. Ethiopia, Assab; 844F average afternoon dewpoint in June

Fog frequency

1. United States: Cape Disappointment, Wash., 2,552 hr, highest aver-
age annual

2. Eastern United States: Moose Peak, Maine; 1,580 hr, highest average
annual
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TABLE 2-6.
TROPICAL TEMPERATURE EXTREME (Roef. 8)

Condititon Temperature ext÷remes

Damp heat, high Day: 40°C (104-F)*
relative humidity, Night: 20*C (680 F)*
seasonal rainfall, Exposed surfaces: 700 C (1586F)*

mold growth,

destructive insects

*Humidity can approach saturation.

The tropical oceanic regions are charac- 241.2 Atmospheric Moisture
terized by a mean temperature near 80*F
throughout the year. The highest mean Compared with the temperature field, the
temperatures are found in the subtropical water vapor distribution of the tropical
contisintal anias during the summer, Large troposphere is much more variable. This
temperature gradients are evident near the variability results from seasonal changes in
eat coasts of Asia and North America in the large-scaly tropical circulation and from
January, Lower temperatures along the west daily changes associated with synoptic-scale
coasts of the continents are caused by the systems.
prevailing equatorward surface flow (both in
ocean and atmosphere) associated with the A measure of the total moisture in a
oceanic high pressure centers #nd related vertical column of the atmosphere Is the
upweiling of cooler water near the coast, precipitable water. This is defined as the

depth of liquid water that would be
The mean air temperature over the ocean obtained if all the water vapor above a unit

is controlled largely by the mean sea-surface area of the earth surface was condensed. Fig.
temperature. These two temperatures are 2-7 illustrates the mean precipitable water In
generally within a few degrees of each other Inches for January and July in the Tropics.
over the tropical oceans, Near the east coasts In January, mean precipitable water ranges
of Asia and North America in winter, from less than 0.5 in, over northern Africa
however, the mean air Lemperature is to greater than 1.75 in. over much of the
significantly colder than the sea-surface low latitude Tropics, especially In the
temperature due to the prevailing offshore Southern Hemisphere, Extremely high values
flow of cold continental air. Fig. 2-6 shows are observed over southern Asia with
the mean sea-surface temperature for Janu- maximum values of 2.50 In. near Bangla-
ary and July. One of the prerequisites for desh.
tropical cyclone formation is a sea-surface
temperature exceeding 80*F. The regions 2.41.3 Annual Precipitation
exceeding this value are shaded in the figure,
Over tropical landmasses, the mean tempera- The mean annual precipitation for the
ture distribution Is influenced by land-sea world is shown in Fig. 2-2, The relatively
effects near coastlines and large lakes, large amounts received in the tropical
elevation differences, and other local effects. regions as compared to the rest of the world
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is evident. Except for regions with oro- airmass thunderstorms due to convective
gral ,ic barrier effects, regions of 80 in. or heating and orographic lifting are also
more are restricted to areas within 20 deg of commonly observed. The preponderance of
the Equator. Three broad regions of very thunderstorms over tropical land areas is
heavy rainfall are evident-Central and South clear. In the equatorial belt from latitude 10
America, Equatorial Africa, and Southeast deg N. to 10 deg S., 82 percent of the
Asia and Indonesia. Large longitudinal grLdi- observed thunderstorms occur over South
ents in rainfall occur near 20 deg N. (1) America, Africa, and Indonesia while only
between the extremely arid regions of North 18 percent occur over the oceans. It should
Africa and the Middle East and the heavy be noted that, of all the commonly reported
rainfall over southern Asia and (2) in g*eather parameters, thunderstorm reports
western South America near the Equator. are often the most unreliable.
Regions of little rainfall are found in the
subtropics along the west coast of the 2-4.1.6 Extreme Winds
continents, in a more pronouced arid region
along the west coast of South America, and Two primary causes account for extreme
in anomalous dry regions over land areas windspeeds at tropical locations-downrush
near the Equator in Colombia and Vene- winds associated with thunderstorms, and
zuela, northeast Brazil, and eastern Africa. tropical cyclonic storms, Almost all surface
Fig. 2-8 indicates the mean annual rainfall windspeeds exceeding 30 kt in low latitude
variability for the world. Relative variability regions are caused by one of these phenom-
is defined as the ratio of the mean absolute ena. Localized areas of stiong winds Also
deviation from the mean expressed as may occur in tropical regions due to strong
percent. low level flow coupled with channeling

through mountain passes and other topo-
2-4.1.4 Cloud Cover graphical effects. For example, exposed

locations along the east coast of Vietnam
Meteorological satellites have been used to occasionally experience surface wind gusts of

observe cloud cover over tropical regions, 50 kt or greater caused by strong surges in
Fig. 2-9 shows the mean cloud cover for a the northeast monsoon flow combined with
3-yr period. The seasonal changes of cloud the channeling effect of the Annam moun-.
cover can be determined from these charts. tamn range. Such cases, howe ,er, usually are
The unit of cloud cover, oktas, corresponds highly localized in effect; the woss general
to one-eighth of the sky being covered, types of high winds nearly always are

associated with thunderstorms and tropical
2-4.1.5 Thunderstorms storm system winds in the Tropics, Fig. 2-11

shows the range of expected extreme winds
Thunderstorms occur much more fre- for stations throughout the Tropics.

quently in the Tropics than in higher
latitudes. Fig. 2-10 shows the mean annual The highest expected extreme winds are
number of thunderstorm days over the at stations that frequently are affected by
earth. A thunderstorm day is defined as an tropical storms. Values vary widely, how-
observational day during which thunder is ever, depending on the station location and
heard at a station. As shown in the figure, surrounding topography. The highest ex-
thunderstorms occur most frequently over pected extremes associated with tropic:•l
tropical continental areas. Regions with 140 storms occur at small Island stations and at
thunderstorm days annually are found in stations immediately adjacent to the coast.
parts of South America, Africa, and South- The expected extremes for coastal stations
east Asia. Over tropical oceanic regions, in Australia are comparable to those for
almost all thunderstorms are associated with coastal stations of the southeastern United
synoptic disturbances; while over land areas, States, whereas the expected cxtremes for
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(A) January

Figure 2-9. Meen Cloud Cover (Oktw) (Ref. 7)
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(c) July

Fpigur 2-9 (Continued). Meaw Cloud Cover (Okias) (Ref. 7)
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(D) October

F/igur 2-9 (Continued). Mean Cloud Cover (Okta) (Rof ?)

2-29



AMW 76.1lop

4I

2.30



- ?U11U

'Ii � r

4 i
I

'I �ii
U

�F�I I
a 'I

cC I �kItiI
��'*iII

*'1
M�N

SI _______________________________ I

2-31



AMCP 701-1

several locations in the northwestern Pacific occurring in each storm development area.
are significantly greater. For inland stations Over half of the average global total of 80
where the majority of the annual extreme storms per year occur in the North Pacific
winds are associated with thunderstorms, the Ocean. The Northern Hemisphere accounts
expected extremes are much less than for for 73 percent of the global total compared
stations affected by tropical storms. Typical to 27 percent for the Southern Hemisphere.
values for inland stations range from 35 to Fig. 2-13 shows the average monthly fre-
55 kt for the expected 2-yr extremes and quency of tropical cyclones 'of tropical
from 60 to 90 kt for the 100-yr value, storm or greater Intensity for each of the

storm development areas,
2.4.1.7 Tropical Ccones

Generalized mean tracks of tropical
Intense tropical cyclones (hurricanes or storms by month or season are available for

typhoons) are the most impressive phenom- most storm-development regions, These
ena of the tropical regions. The destructive tracks generally are determined by drawing
potential for their high windspeeds, rainfall isolines of the frequency distributions of
amounts, and storm tides is well known. At cyclones of tropical storm or greater Inten-
the present, no common international termi- sity that passed through various latitude-
nology distinguishes tropical disturbances longitude grid squares over a period of years
and cyclones of various intensities, Whenever and by drawing mean tracks through the
a comparison is to be made among data of area showing a maximum frequency. The
various vountrIvs, a knowledge of the mean tracks thus determined are useful for
different definitions and terminology is some purposes but they do not indicate the
required to provide adequate interpretation, large variability of tropical cyclone tracks.
Within the United States, the following Fig, 2.14 shows the tracks of tropical
classification system for tropical cyclones is cyclones of tropical storm or greater inten-
employed: sity in various development areas for certain

selected years, In this figure, the years
(I) Tropical Depression, A weak tropical selected in each region are fairly typical

cyclone with a definite closed surface Insofar as the mean number of storms is
circulation, one or more closed surface concerned. The large variability of the track&
isobars, and highest sustained windspeeds of in all areas is clearly evident even in the one
less than 34 kt. year.

(2) Tropical Storm. A tropical cyclone 2-4.1.8 Hail
with closed isobars and highest sustained
windspeeds of 34 to 63 kt, inclusive. Hail is defined as precipitation in the

form of ice lumps with a diameter of 5 mm
(3) Typhoon-Hurricane. A tropical cy- or more. Hail falling to the ground is a fairly

clone with highest sustained windspeeds of rare event in most tropical areas, occurring
65 kt or more. Cyclones of this intensity are much less frequently than over many regions
called typhoons west of 180 deg and in higher latitudes. The primary reason that
hurricanes east of 180 deg longitude. hail Is observed so infrequently at the

surface in the Tropics is the relatively high
Sustained winds in the preceding defini- freezing level equatorward of 20 deg lati-

tions refer to a 1-min average. Extreme tude. The occasional observation of surface
surface wind gusts in tropical cyclones may hail in low latitudes, however, indicates that
be 30 to 50 percent higher than the fairly large hail may be found aloft in the
reported sustained surface winds, Fig. 2-12 more severe or intense tropical thunder-
shows the average annual number and storms. Fig. 2-15 Indicates the hail regime
percent of the global total of storms for three tropical zones. The X's on the
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illustration indicate the months when the over land. This is illustrated dramatically in
hail is most likely to occur at the surface, the January and July pressure patterns over

Asia and Australia. Low pressure prevails
24.1.9 Preseum throughout the year over the large equatorial

land areas of South America and Africa and
The mean sea level pressures between extends poleward in summer over Eurasia,

latitudes 40 deg N. and 40 deg S. for the Australia, and North America.
midseson months are shown in Fig, 2-16,
Certain major features, the subtropical high 2-4.1.10 Solar Radiation
pressure ridges and the low preuure troughs
In lower latitudes, are evident in all months. Solar radiation reaching the surface of the
In the Southern Hemisphere the subtropical earth In tropical climates is attenuated as a
high pressure ridge is a dominant feature result of absorption by water vapor and
throughout the year and moves over a carbon dioxide in the atmosphere. These
mailer range of latitude than Its Northern absorptions, the result of quantum transi-
Hemisphere counterpart, During the respec- tions and vibiational and rotational states of
tive winter seasons, the subtropical oceanic water vapor and carbon dioxide molecules,
ridge system and the continental high absorb significant portions of the incident
pressure areas form a continuous belt of solar radiation energy. As a result the solar
high pressure around the hemisphere. During radiation levels experienced in latitudes
the summer this high pressure belt is where temperatures characteristic of tropical
interrupted by heat lows over continental climates can occur are dependent upon the
areas, especially In the Northern Hemisphere, amount of water vapor in the atmosphere.
The oceanic highs in both hemispheres reach From a latitude standpoint, it is apparent
maximum intensity in July with average and from examining climatic maps of the globe
center values of over 1,025 mb. This implies that desert and tropical areas can occur in
that center values often exceed 1,030 mb, similar latitudinal regions. The primary
The daily positions of the oceanic highs difference between desert and tropical areas,
fluctuate more in the winter than in summer insofar as solar radiation is concerned, is the
because of the greater influence of extra- amount of water vapor in the atmosphere,
tropical cyclones during winter. Large areas including clouds and precipitation.
of mean sea level pressure less than 1,010
mb are evident in low latitudes throughout Typically, for a given latitude a desert
the year, The largest seasonal movements of sr•e reeeIvm sln4flemntly more Rolar radia-
the low pressure trough occur in the tiorn than does an area classified as tropical
longitudes of the continents, due to effects because desert areas with low humidity, low
of intense solar heating during the suntmer rainfall, and few clouds provide significantly
and radiational cooling during the winter less absorption to incoming solar radiation
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than the humid, frequently cloudy tropical particles in the atmosphere formed by
areas. Although latitude is an important bubbles produced on the sea surface or on
variable in solar radiation, the amount of the beach by breaking waves, by rainfall and
clouds and the atmospheric humidity or the snowfall on the sea surface, and by warming
amount of water vapor in the atmosphere of sea water in the spring. Dry fallout under
are significant contributions as well, the force of gravity is important everywhere

but particularly in coastal areas where the
Location with respect to major water largest salt particles are found. Salt fog is an

bodies, which provide humid atmosphere important means by which salt is deposited
and fogs, can have a profound influence on on exposed surfaces in maritime environ-
radiation intensity and sunshine duration. ments.
Fig. 2-17 shows the mean monthly global
solar radiation. It readily can be seen that, Because virtually all of the salt present in
In general, the areas of high radiation lie the atmosphere and deposited on vegetation
within the Tropics, i.e., within the latitudes and terrain surfaces originates from the
encompassed by the Tropics of Capricorn ocean, coastal areas, in most cases, will have
and Cancer, Further examination reveals that the highest atmospheric salt concentration,
the highest solar radiation levels are obtained regardless of their location; i.e., whether
primarily In inland desert areas, e.g., the they are situated in the Tropics or in other
interiors of Australia, the Arabian Peninsula climatic zones. As a result, for tropical
the north-central African deserts, and the climates, those areas located near oceans and
desert areas of the Southwestern United other salt water bodies will experience the
States and Mexico. The distinct regions of highest amount of airborne salt and the
high global radiation values coincide in every highest amount of deposited salt on terres-
case with areas of low cloud coverage trial surfaces. Other factors, including pri-
(primarily desert areas). Monsoon regions, marily the presence of water, high humidity,
which have a high degree of cloudiness, have or high temperatures, influence the effect of
lower values of global radiation as do salt on materiel.
equatorial areas, where heavy cloud cover
exists much of the time. Generally, the low 2-4.1.12 Other Factors
latitude tropical climatic areas receive solar
radiation intermediate between that of the In addition to the factors already dis-
low latitude desert areas and that of the cussed, several other factors are significant at
tempLrate climatic areas. times in tropical climates. Although terrain

it a significant factor in all climates, it
2-4.1.11 Airborne Salt occasionally produces some special inodifica-

tions that are significant in tropical climates.
Most of the salts that affect materiel are One of the characteristics of the large

sea salt particles that contain sodium, tropical areas of the world is the tropical
chloride, sulfate, and magnesium ions. Some rain forest. In these vast expanses of
exceptions occur in alkaline deserts, large vegetation coupled with extremely high
salt lakes, and industrial wastes, Salt occurs humidity and frequent rainfall, terrain can
in the atmosphere as crystals or in liquid be significantly modified. For example, the
droplets, depending on the relative humidity presence of rain forest with heavy vegetation
of the air. Materiel can be exposed to the and large numbers of tall trees is unique to
effects of salt as the result of dry fallout the tropical regions (see Fig. 2-18), Further,
from the atmosphere, aqueous precipitation, tropical rain forests in many cases so modify
salt fog, and direct exposure to sea water. the climate that the climate above the rain
Salt water sources include the ocean, inland forest canopy and the climate below the
seas. and the salt lakes. Atmospheric salt canopy are significantly different. For ex-
consists of salt-saturated droplets or dry ample, the amount of solar radiation re-
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ceived at ground level in a rain forest can be special circmLsncs1l.'es, however, sand and
quite small. Also, the humidity levels can be dust can become a problem in tropical areas,
significantly higher within the rain forest e.g., sandy beaches are characteristic of
canopy than above it. The frequent rainfall much of the tropical regions and the
in the Tropics also can produce other effects microclimate of such beaches frequently
on terrain. First, heavy rainfall leads to large evidences small amounts of airborne sand
numbers of streams which increase the and dust near the beach surface. A particu-
number of land-water interfaces per unit larly significant example of dust present in
area of the surface of the earth. Second, the the Tropics is that which results from
presence of large amounts of water in ground-up coral. This material is used widely
certain silty soil types can lead to soft by man as an aggregate in surfacing roads,
surfaces with extremely low bearing capac- airport runways, etc. The material occurs
ity. naturally, but should not be considered as a

natural factor since it generally must be
Sand and dust are not norrmally a ground-up before It can cause dust problems.

significant factor in the Tropics because of
the relatively high rainfall, high imumidity,
and presence of moisture in the earth. Fog, a significant factor in many climates,
Vegetation also produces a binding effect occurs very intreqtuently in the Tropics. and
that reduces the probability of sand and is, therefore, not considered a significant
dust particles becoming airborne, Under parameter of the tropical climate,

(A) Subcanopy

Figure 2- 18. Tropical Rain Forest (Photograph courtesy of

H. L. Hamilton, Jr.)
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2-4.2 REPRESENTATIVE TROPICAL The c,•mbined amount and duration of
DAYS precipitation is probably the single most

significant variable of tropical climates,
While it is customary to employ average Three types of days are identified with

and extreme values of climatic factors, respect to precipitation: (1) days with heavy
personnel and materiel are subjected to a rain (0 in. or more), (2) days with showers
particular combination of these factors. of light rain (less than 1 in.), and (3) dry
Thus, a more informative approach could be days with no rain. These major types are
to consider some representative types of divided into seven subdivisions:
tropical days. Representative days cannot be (1) Day with heavy ain
determined by traditional methods of means (a) Day with Intense heavy rain
and joint frequency distributions (Ref. 11). (b) Day with gene heavy rain
Averaging the values of different factors (b) Day with general heavy rain
occurring in a variety of combinations to (2) Day with shower
obtain an average day would result in an (a) Daytime shower
abstraction that may never exist in nature or (b) Day with nighttime shower
may even be physically impossible. Certain- (c) Day with showers (day and night)
ly, no two days are ever exactly alike, yet
most environments have typical days that (3) Dry day
are reasonably representative of many other (a) Sunny dry day
days, Representative tropical days were (b) Cloudy dry day
identified using hourly climatic data for the
year 1963 from three tropical weather Sunny days are defined as those with 450
stations-Ft, Sherman, C.Z.; San Juan, P.R., ly or more of solar radiation during the day,
and Hilo, Hawaii (Ref. 10), The data are or, in the absence of radiation data, with 51
representative of well-exposed shore sites percent or more of the possible sunshine, An
near sea level, They do not represent example of each of the seven different types
conditions within the tropical forests or of days is described in the paragraphs that
deep in the interior of a large tropical follow, The illustrated days actually oc-
landmass. curred at Ft. Sherman, C.Z, Table 2-6 gives

TABLE 24L
FREQUENCY OF OCCURRENCE OF REPRESENTATIVE TROPICAL DAYS (Ref. 10)

Number PercentTypes of representative days of days of days

Day with intense heavy rain 14 1.3
Day with general heavy rain 62 5.8

Day with daytime shower 95 8.8
Day with nighttime shower 165 15.3

Day with showers (day and night) 353 32.7

Sunny dry day 287 26.6

Cloudy dry day 102 9.5
TOTAL 1078 100.0
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a summary of the frequency of occurrence typically around 90'F. In addition, under
j• of representative days for the three tropical these circumstances the dewpoint would be

stations at which data were compiled during onl the order of 80°F, At Ft. Sherman. 16.4
1963. percent of the days were in this category; it

comprised 8.8 percent of the (lays for the

An important point with respect to the three stations.
representative days is that there is no major
seasonal change in the magnitude of any of (4) Day with nighttime shower (Fig,
the elements for a particular type of day, 2-22), In many respects the midday condi-
For Instance-because ot the small annual tions of this type of tropical day are similar
variation in temperature and solar radiation to the sunny dry day, There is a common
in the Tropics-a sunny, dry day during tile impression that, in the Tropics, most
dry or low sun season will resemble very shower-type precipitation occurs in the
closely the same type of day during the afternoon. At the Ft. Sherman weather
rainy or high sun season, a contrast to station, however, there were more days in
higher latitudes where the temperature and 1963 with nighttime showers (20,7 percent)
solar radiation for such a day in winter will than with daytime showers (16,4 percent),
be considerably lower than for the same The same is generally true e1' the other
type of day during summer. stations with 15.3 percent of tile days being

in this category,

(I ) Day with intense heavy rain (Fig.

2-19), The most frequent occurrences of (5) Day with s/lowers (day and night)
heavy rains are found in the Tropics, (-g. 2.-2.3, This type of day is characterized

particularly In exposed locations where by high winds during the rain, but otherwise

prevailing air currents arc forced to tNs, the days are much like those described in

However, in most areas of the Tropics, the preceding paragraphs, Temperatures are

Intense rainfall Is not common, In 1963 at slightly lower during the period of rain. Thie

Ft, Sherman only 2.5 percent of the days weather pattern associated with this type is

had I in, or more of' precipitation in an usually more organized than for the convec-

hour, From Table 2-6 It can be seen that tive showers of the preceding two types,

only 1.3 percent of the days could be Possibly, an easterly pressure wave passes the
classified as days with Intense heavy ruin for station during the period from midnight to
the tropical stations during 1963. Although noon, Clearing and increased solar radiation
not necessarily occurring together, high occur after the wave passes. Often, such a
winds in excess of 30 mph sometimes wave causes more than an inch of rainfall in
accompany intense rainfall, a day so that it wotuld be classified as a day

with heavy rain, However, in the representa-

(2) Day.s with ge'neral heavy rain (big, tive day being described, only 0,22 in,

2-20). In most areas of the Tropics few days occurred. Tils type of' day occurred only

will have continuous rain for many hours. A 13,2 percent of' the days at Ft. Sherman and

day with heavy rain is generally a cooler day 32,7 percent of the days for the three

than the dry day or the shower day, and in stations.

the Tropics there is generally some sunshine,
Only 7.5 percent of the days at Ft, Sherman (6) Sunny, dry day (1,'7. 2-24), The
and 5,8 percent of the days at all three tropical day is dry only in regard to
recording stations were of' this type. precipitation. Nighttime relative humidity is

100 percent, and vegetation Is as wet as it'
(3) Day with daytime shower (Fig. 2-21). rain had occurred, Tie sunny, dry day is

Early showers characteristically followed by one of the warmer days in the tropical
sunshine create an uncomfortable condition climate with morning temperatures near
with afternoon temperatures that are high, 80'F and afternoon temperatuires near 90°F.
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Day Totals
Precipitation: 7.25 in. Solar radiation: 321 ly
Average windspeed: 9.3 mph
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Figure 2.19. Tropical Doy With Intense Heav Rain

(2.5% occurrence) (Ref. 10).
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Day Totals
Precipitation: 1.4 in. Solar radiation: 163 ly
Average windspeed: 6 mph
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Day Totals
Precipitation: 0.13 in. Solar radiation: 392 ly
Average windspeed: 5.2 mph
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Day Totals

Precipitationt 0.03 in. Solar radiation: 400 ly
Ave•age •indepead" 3.7 mph
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Figure 2-22. Troplcal D#y With Nighttime Showe

(20,7% oct.urrence) (Ref. 10)
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Day Totals
Precipitation: 0.22 in. Solar radiation: 229 ly
Average vindepeed; 6.5 miph
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) ~D&y Totals
Precipitation: 0.00 in. Solar radiation: 615 ly
Average windspeed: 9.5 mph
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Dewpoints are near 80*F throughout the temperature fluctuations, may create many
day which, coupled with the temperature problems with respect to men and nmateriel.
rise in the afternoon, produces relative Table 2-7 indicates the temperature extremes
humidities below 80 percent. Solar radiation likely to be encountered in desert regions,
is high, but much higher daily totals are
experienced in the deserts. At Ft. Sherman The cores of the major deserts of the
the sunny, dry day is the most frequent of earth are located at approximately the same
the seven types, occurring approximately places regardless of the criteria used to
27,9 percent of the days while occurring identify desert climates, However, the ex-
26,6 percent of the days for the three tents of desert areas are deterrined in large
stations. measure by the criteria chosen (Ref. 11).

(7) Cloudy, dry day (Fig, ..25), A cloudy, The use of temperature to classify regions
dry day is defined on the basis of lower as deserts is not uncommon but Is incon-
than normal amount of solar radiation which sistent. In some classifications, arid and
causes lower temperatures, lower dewpoints, semiarid land areas are divided into gross
higher relative humidities during the day, qualitative thermal subtypes with lack of
and less daily rainfall, Cloudy, dry days are rain being the dominant characteristic and
not as frequent as sunny, dry days at Ft. temperatures considered less important, As a
Sherman, occurring only 11.8 percent of the result some arid and semiarid zones are
time. For the average of the three stations, divided into tropical, subtropical, and mod-
cloudy, dry days occurred only 9,5 percent erate or temperate thermal regions. Where
of the days, cold is a dominant characteristic, as in polar

thermal regons, lack of precipitation is
2.5 THE DESER7 ENVIRONMENT largely ignored; polar or subpolar climates

are rarely classified as arid or semiarid, When
Desert regions occupy approximately 19 actual temperatures are used in defining

percent of the land surface of the earth, The climatic regions, the values selected usually
identifying attribute of all deserts is aridity; are indirectly related to vegetation or are
one definition is based on an annual rainfall completely arbitrary,
of less than 10 in. Deserts are further
characterized by clear atmospheres and A semiarid (moderately dry) climate is
intense solar radiation (Ref. 8). iTe solar defined as one with 6 to 9 months of the
radiation, combined with terrain that has a year having no more than 3 days with 0.1
high reflectance, can create high levels of in. or more precipitation per day. The
glare. Other characteristic phenomena asso- definition of arid climates requires at least
ciated with deserts are atmosplieric boil* 10 mo of the year having no more than 3
and mirages. Sand and dust, which nearly days per month with 0,1 in. or more
always accompany dryness, are also impor- precipitation. The classification "extremely
tant factors, arid" requires at least 10 mo of the year

having no more titan I day per month with
The high daytime temperatures, solar 0.1 in. or more precipitation. Much of the

radiation, and sand and dust, combined with extremely arid regions actually have 6
sudden, violent winds and large daily months or more with no rainy days. A

number of weather stations in North Africa
sand southwestern Asia often report zeroeAtmospherk Iboil also called terrestrlaI ,vinttttititi or nulpeiiai. Terr atai cu

shimnmer, is a scintillation phenomenon caused by light annual precipitation. The rare rainfalis occur
that reaches the eye from sources within the atmophete less frequently than I day every 2 years,
It Is produced by irregular rvt'action tft'ect due to
palsqaae, across the line oft i h, of ail partexl whme
densities differ sligltly t'rm thtat of their %urrounwdilvg%. The semiarid climates usually consist of
Atmospheric boil is men over paved roadt. on brlght
summer days (Ref. 12). twO different annual regimes; (1) a distinctly
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Day Totals
Precipitation: 0.00 in. Solar radiation: 101 ly
A-,erage windapeed: 4.8 mph
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Figure 2.25. Tropicpl Coudy, Dry Day W1.8% occurrence)
(Ref 10)
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TABLE 2-7.
DESERT TEMPERATURE EXTREMES (Ref. 8)

Conditions Temperature

Dry heat (RH 5%) Day high:

intense sunlight, Air 60"C (140 0 F)

sand and dust, Exposed ground 75% (167°F)

destructive insects Night low: -100C (+14 0 F)

Daily variation 40 deg C (72 deg F) average

dry period, which lasts from 6 to 9 mo, and of precipitation and humidity are found not
a relatively wet period of 3 to 6 mo, or (2) only in the vast continental interior deserts
10 to 12 me dry and moderately dry and no but also in coastal desert areas. Winds in the
more than 2 months moderately wet or wet. desert are not as strong as those in other
Regions having the second climate do not regions but, when they entrain sand and
quite meet the criteria established for dust, their effects are as severe as those of
semiarid climate although they often have any natural phenomenon.

fewer total rainy days per year than places
that do meet the criteria. They are classified
demiarid (4 or 5 mo havi'~g averages of noArdadsmriclatshvade-more than 3r days monthav tin.averages or no ciency of rainy days and, at least during them ore than 3 days per m onth w ith 0.1 in. or d i s a t o h e r e ii n y o
more precipitation and a total of at least 10 driest part of thie year, a deficiency of
mo having averages of no more thai 6 days residual ground moisture. When rain doesper month with 0.1 in. or more precipita- occur, it often comes in heavy showers and
tion). thunderstorms which produce dangerousflooding, particularly in deep, narrow chan-

Fig. 2-26 indicates the distribution of dry nels which are usually dry and thus

climatic types throughout the world, The attractive for protection. Caution is neces-

climatic factors of arid and semiarid environ- sary when thunderstorms or heavy showers

ments having military significance are dis- are anywhere in the general vicinity because
cussed in the paragraph that follows together flash flooding occurs at considerable dis-

with a description of the desert terrain. tances from where precipitation falls.

When soils have a high clay content or are
2-5.1 DESERT CLIMATIC FACTORS salt-encrusted as on some extensive flats and

playa lake depressions, a relatively small
Arid regions contribute more than their amount of rainfall turns the surface into a

proportional share to the extremes of slimy plain on which travel is difficult. Soils
climatic elements. Both the highest recorded that are predominantly sand hold essentially
air temperature and the largest diurnal range no moisture in the upper portion of the
have been recorded in the dry air of the ground, and small ,end even moderate rainfall
desert where vegetation-free ground qoickly frequently will improve trafficability for at
givk i up the heat of' the sun. Minimum levels least a short time by firming the sand.
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Arid and semiarid climates ust, Ily have a reaches the surface of the earth a significant.,
concentration of rainy days in tile hotter ly larger portion of the time during daylight
part of the year on the equatorward side of hours and with a significantly higher inten-
the aridity core and in the colder part of the sity than that experienced in very humid
year on the poleward side, In the summer, climates of the same latitude. Levels of 2.66
rainy days often have very heavy showers X 10"2 W cm" or more are observed in
and thundershowers- in the winter, rainy three principal desert areas of the world: the
days are more likely to be associated with Sahara, the Arabian, and the Thar in India,
extratropical cyclones and, thus, the rain is The interrelationship between solar radiation
not as heavy and is of longer duration, received at the surface and the aridity of the
Especially in high latitude desert climates, climate clearly is reflected in Fig, 2-17

snowstorms, drifting snow, and persistent which depicts the mean monthly global solar
snow cover can become severe problems, radiation. Isolines of solar radiation are

drawn with units measured in gram calories
Low daytime relative humidity is a per square centimeter per day. Those areas

climatic characteristic of much of the arid in which the mean monthly solar radiation is
and semiarid areas of the earth. Throughout higher than 500 goal cm"2 day' clearly are
a major portion of the very hot and identified with the great desert regions of
extremely hot regions, midday relative hu- the world: the southwestern desert of the
midity ranges between 10 and 25 percent United States and Mexico, the Sahara Desert
during the hottest and driest part of the of North Africa, the Artohian Desert of the
year, Arabian Peninsula, and the Australian Desert

(Ref. 9).
Salt fog is not a problem In desert areas,

of course, and solid salt as airborne Another related factor in desert areas is
particulates usually is associated with prox- the loss of heat by longwave terrestrial
Imity to maritime areas, Thlere are several radiation, This factor is generally less
exceptions, however, in which airborne salt variable than is the incident radiation,
concentrations can become quite high, Arid however, the large mean annual terrestrial
land is one of those exceptions, Salt can be radiation rates are observed in tropical desert
picked up from dry plhyas and salt lakes as areas, This results from the much greater
a result of wind or the combined effect of warming of the surface in deserts relative to
vehicle passage and wind so that local areas the air temperature. The increased loss of
may experience rather heavy saltfull, particu- terrestrial radiation in the desert is reflected
larly it' the relative humidity is high enough, in the relatively cooler nights in the desert
As a result, airborne salt particulates could compaicd to those of' similar latitude in
be in rather high concentration around salt tropical or temperate climates,
lake and dry playas, particularly when
vehicular activity and high winds occur 2-5.2 DESERT TERRAIN
concurrently.

Landscapes in areas with arid climates are
Solar radiation is a very important factor noticeably different from those that develop

in desert climates. The highest annual in areas having surface water. Features
radiation levels. more than 2.93 X 10"I W created by erosional agents are often steeper
cm11 are observed in the Sahara Desert in and seem to have been cut out of the overall
northeastern Africa. Desert environments landscape rather than to be an integral part
have higher solar radiation than other of it. These include entrenched streams, dry
climatcs of equal latitude because few clouds stream channels (wadis), buttes, and
are present in .he atmosphere and the barchans (isolated crescent dunes). In these
amount of water vapor present is very low, and in other land features, change of' slope
The result is that incident solar radiation can be abrupt, a characteristic that might be
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of more adverse influence on mobility than Exposed rock is weathered much more

Sthe slope itself. Landscape features created slowly; thus, individual elements from small
by deposition have a tendency to contrast fragments to escarpments and mountain
with the rest of the terrain rather ,han to cliffs frequently have more angular shape,
blend with it, Outstanding among these are Relatively flat surfaces lose the finer par-
alluvial fans, where mountain streams merge ticles and rte left with stones and rock-
onto plains, and sand dunes. strewn plains, varying from gravel and desert

pavement to boulder fields. On the other
Sparse vegetation and, in wide areas, lack hand, some depositional features provide the

of any vegetation leaves the land vulnerable smoothest, firmest surface to be found in
to eroding agents, and the surface is often the deserts-the dry salt flats and playaf bare rock, stones, or sand, each of which depressions that collect slit and minerals
may present special problems, Fig. 2-27 from evaporating waters of infrequent,
illustrates several desert terrain types. Wind temporary lakes.
Is an important factor in creating the

N residual land surface in arid areas, and its Regions with semiarid climates have land-
actions contrast sharply with that of water. scape types transitional between those asso-

.4r

Figure 2.27. Types of Desert Terrain (Ref. 13)
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Ftgure 2-27 (Cont/nutdj. Typem of D nrt Terra/n (Ref, 13)

elated with aridity and those with more or resulting especially from limitation of move-
less permanent wetness, to the extent that ment in the often narrow, winding, and
climate is related to the development of land steep-sided valleys. Arid mountains usually
forms. A relatively short period with ade- have the added unfavorable condition of
quate rainfall and above-freezing t-mpera- lack of protective vegetation. Except where
tures can support enough vegetation to roads have been built, mountain valleys are
reduce drastically the vldnerability of' tha likely to be impassible for wheeled or
ground surface to erosion, Individual terrain tracked vehicles because or the many large
characteristics of importance are relief, rocks that litter the surface. Deep gashes in
surface mateilals, and slope, the otherwise flat surfaces may measure

hundreds, oven thousands of feet to the
The term "relief" popularly refers to the bottom. The surface material in the extreme-

height of hills and mountains on the ly arid regions is typically bare rock, broken
landscape while more technical usage refers rock, or sand. Parts of open sandy deserts
to the depth that valleys are cut into the are subject to pockets of fine powdery sand
prevailing upper surface. In any case, large while others consist of' dune fields with
relief is a characteristic of mountains and individual dunes 50 to 300 ft high and little
high plateaus, Rugged mountain terrain or no space between thenm. Sand duties often
presents numerous operational difficulties, have a packed crust a few inches thick on
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Figure 2.27 (Continued), Types of Desert Terrain (Ref, 13)

the windward slope while other dune areas Tine hydrology features of the arid and
have rocks and ledges concealed by sand, semiarid regions of the earth are functions
Traction is best in sandy areas during the of the contributing environmental influences
early morning when relative humidity is not only within the regions themselves but
highest and the temperature lowest, also in adjacent regions, Surface water in

arid regions and to some extent in semiarid
Dry salt flats and playa depressions, which regions frequently has higher suspended

have a hard smooth surface, are found often particle and mineral counts than those in
in arid and semiarid regions. The calcium wetter portions of the world. Underground
carbonate oa calcium sulfate crust may be as water on the other hand may be cleaner
thick as 6 ft and is usually rock hard, A because of extnsiv, mechanical filtering,
surface layer of dust sometimes covers the although its mineral content muy also be
playa depressions and any movement raises high.
clouds of the fine materials. Fig. 2-28 shows
the dust raised by vehicle passage on dry Lesser and little known intermittent and
earth. Unlike the sand surface. salt crust ephemeral streams are prcsent and are
rapidly deteriorates when rain wets the subject to flash floods in otherwise dry
surface and makes it slimy. wa.shes, wiis, and arroyos. Hydrologic
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Figure 2-28. Vehicle Passg at 1&mph Speed on a
Typical Well-maintained Unpaved Road (Ref. 74)

features are relatively less significant in arid have been established link large areas by a
and semiarid regions than are other features relatively simple system that can be easily
of the environment, disrupted. Populations of arid regions are

basically of two types: mobile and seden-
The color, density, size, and durability of tary. The mobile tribes migrate in constant

natural vegetation are closely related to the search of' pasture lands for their limited
degree of aridity. Vegetation may be com- herds, Some major cities have grown in arid
pletely absent in regions qualifying as regions, usually at the fringes and on
extremely arid and very sparse in arid seacoasts or on navigable rivers. Semiarid
regions. The density and variety increase regions are considerably more habitable than
through the semiarid and demiarid climates, arid regions. Particularly outside of the
However, even nearest the wet climates, a Tropics, they may be quite comfortable
closed' canopy usually does not exist and places to live and can support extensive
where there are trees, open stands are most agriculture and industrial developments.
common. More common are thickets of low
shrubs which have thick, spined leaves and 2-6 THE ARCTIC ENVIRONMENT
very sharp, stiff thorns, In semiarid areas,
incomplete ground covers of tufted grass are The arctic climate corresponds to the
common. extreme cold and cold climatic categories

defined in AR 70-38 (Ret'. 1). For purposes
Cultuial features of the arid regions of the of this discussion, only those regions of the

earth are significantly different from those earth that are in the Northern Hemisphere
of temperate climates. A large proportion of and that exhibit the arctic climate are
the arid area is uninhabited. Prominent discussed. This eliminates the Antarctic and
transportation routes and communication the extreme southern tip of South America.
lines are almost nonexistent. The few that both of which are largely uninhabited and at
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TABLE 2.8.
ARCTIC TEMPERATURE EXTREMES (Ref. )

Conditions Temperatures

Low temperature, Arctic, exposed:
driving snow, Extreme -70%C (-94*F)
icedust Common -40 0 C (-40 0 F)

Subarctic:

Common -25%C (-13°F)

present of little military importance, The circumpolar, cyclonic vortex that, because of
temperature extremes of the Arctic are given its position north of the main tracks of the
in Table 2-8. prevailing westerlies, has a generally sluggish

circulation.
While the Arctic is defined geographically

as that region within the Arctic Circle, this (3) A snow-ice cover is perennial over
is not synonymous with the arctic climate, much of the Arctic and almost total in
As may be seen on the maps of Figs. 2-29 winter (see Fig. 2-32). The effect of this
and 2-30, regions that exhibit temperatures surface cover is to reflect most (up to 80
below -25OF for I percent or more of the percent) of the incoming solar radiation and
time in the month of December extend well to maintain low surface temperatures. The
below the Arctic Circle, which is at latitude presence of' a snow-ice cover also greatly
66 deg 32 min N. Arctic climate thus affects the airmasses crossing the arctic
encompasses most of Alaska, northern and basin. Cyclones depend on temperature
central Canada, most of Greenland, and a contrast: therefore, as a rule their frequency
large part of the central and northern Asian and intensity are greatest at contacts be-
landmass, However, this is not the only tween the snow-ice surface and open water,
definition of arctic climate that is employed, and least over continuous snow-ice surfaces,
and a larger or smaller region may be Precipitation and fog usually are associated
defined for particular purposes. In addition, with open water leads in the ice pack or
it is found that arctic climates will penetrate along the coast, Clouds in the Arctic are
farther to the south on a seasonal basis. generally thin and the relatively cold condi-

tions produce no clouds of great vertical
The principal characteristics of" the climate development, Precipitation is low in absolute

of the Arctic are (Ref, 15): amounts but occurs frequently.

(1) The radiational regime results in a nit (4) The strong radiational cooling asso-
heat loss caused by low sun angles and long ciuted with the irctic winter results in
periods of continuous daylight or continuous temperature inversions with depths of I to 2
darkness. Fig. 2-31 shows the alternation of kin.
daylight and darkness for three arctic
locations,. Arctic surface weather is affected greatly

by the static-stability of the lower atmo-
(2) Surface weather systems are asso- sphere and has two marked seasoiis, winier

elated with a large scale, cold cored, and summer, In winter, when stability is

2-59



-MC m0iu1I

2-60



.01c \I-.--

AS'

7t -' - I

2-61



AMCP 706.113

24 blowing snow. After the passage of theseI
20 disturbances, the temperature inversion is

reestablished quickly.S16
12 In summer, the increase in the areas of

open water and bare land weakens surface
H inversions, and, consequently, the passage of

airmasses becomes more effective in influ-
0 encing surface conditions. The peripheral

areas of the arctic basin commonly are
(A) North Pole subjected to considerable cloudiness and fog

during summer, The strong thermal contrast
formed at coastlines produces vigorous

24 Tfrontal activity, which accounts for most of
20 the precipitation.

In tne paragraph that follows, specific
12 climatic tactors are discussed in more detail.

4 2-6.1 ARCTIC CLIMATIC FACTORS

of ,-- The climatic factors involved In the arctic

climate include extremely low temperatures,
(B) Alert, NWT blowing snow and snow cover, long periods I

of darkness during the winter months, long

24 hours of daylight and the dust of summner,
z40 • and the mud and morass of' the arctic
2n muskeg, The effects of these factors are
. 6 accentuated by the large distances and

relative Isolation of the region, In the
12 paragraphs that follow, only a brief intro-
a duction is given to each of these climatic

4 4 factors in order to portray the arctic

S- 1 A climate. Complete information Is to be
JnMAMJJASOND found in Parts Two and Three of the

(C) Barrow, Alaska Environmental Series of Engineering Design
Handbooks, in particular in Chaps. 3 and 8

Fitre 2-3?. Duration of Part Two, which deal with temperature
of Daylight, rwilight, and solid precipitatiorn, respectively,
and DOrkneu In the

Arctic (Ref. I?) 2-6.1.1 Temperature

The arctic climate is characterized by
greatest, atmospheric conditions are general- persistently low surface temperatures. In
ly calm anti clear. Very low surface Alaska, temperatures of 61.10 C ( 78*F)
temperatures are maintained. Visibility is have been reported; at Ft. Yukon, at Alert in
normally good, although cultural activity Canada, 40*F temperatures have persisted
(men and materiel) or small open water up to 6 days-, in Greenland, a 700 (" (94°F)
leads in the sea ice may give rise to fogs. temperature has been reported at Northice,
Occcsional cyclonic disturbances cause and in Siberia, temperatures lower than
waruiing, high winds, precipitation, and --90'F have been reported at several loca-
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tion. Nerly100 weathecr stations near the 2614Vsblt

Arctic Circle in Siberia record minimumi
temperatures of -7 6 aP or lower each year. In Poor visibility Is a commion operating
contrast, the lonF period& of summer sunshine condition in the Arctic. In thle summer. fog
result in temperatures frequently exceeding is the dominant cause of' reduced visibility
70TF in the summer months throughout the and In the winter, ice fog and blowing snow
regions of arctic climate, prevail. In both cases, the thickness of the

obscuring layer may exceed 100 ft.

2-6.1.2 Atmospheric Moisture and Precipita-
tion 2-0.1.5 Terrain

Because of the cold atmospheric tempera- The Arctic is characterized by a diversity
turcs, the water vapor content of arctic air is of' terrain, including mnountains, foothills,
small, even less than that of hot desert air. and plains. The northern slope of' Plaska

VAt the same time tile relative humidity is contuiris all three of' these physiographic
high aproahin sauraion-an reuctons features and serves as anl excellent example

in temperature can readily result In thle of' arctic terrain.
deposition of water from the air in various
forms. However. total amounts of precipita- Much of' thle Arctic is in a continuous
tion in the Arctic are low. The mean annual proermafrosnd ton ade containexss oerenniall
precipitation at Barrow, in Alaska is 4.11 in,, foe.r.d odph nexes0'1.0
of' which just slightly more than one.-half' f.nth fanotrnerme.t nl
occurs as snow. Maximum precipitation places where pernmaf'rost may bc absent are

occus drin thewarer onth, ad I is beneath maj~or rivers and under lakes deeper
nocr dtalurng sa the w armer gleonths, an toi than 6 ft. Thec thickness of' the seasonally
notresat al verya fihporparsionl sorm toe frozen surf'ace zone depends primarily upon
renalpreien t atvr io hponrin.f h soil texture and Is generally less than 2 ft. hi

annul prcij'itaton. ddition to thle long, snowy winter and the

Thle frequency of' precipitation, despite snow-free summer, It Is somectimei.s useful to
low bsouteamonts ishig. Lw itenity recognize the season of1 ice breakup us

alsof' asnowut amond s iccrsls occhro firetensty illustrated In Fig. 2-33. During this period.fllsoy nwadiecytl cu rqet terrain Is considerably different from that InV yand, during the sumnmer, long periods of' l e f h w esn h ufc
drizzle are not at all uncommon. T1he rates ete ftl w esn ie!ufc
of precipitation are low: the maximium strtenigt h of' this snow cover is lost and
accumulation at Pt. Barrow, Alaska, is runoff begins:. tile ground becomecs saturated
eqluivalent to 1 .5 in. of' wator, wvith water: ull eCpressionIs are pondedL and

thle river ice gradually breaks up, and is
swept downstream.

2-6.1.3 Wind
In tile snow covered winter periodl. which

Despite the popular notion that the Arctic varies In d uration aniong the various WgiOlnS
Is raked continually by strong winds, mecan of' the Arctic. thle terrain has its lowest reliof'
windspeeds are low. Thle few higher winds since the drifting snowv cover tends to
that do occur are associated with storm subdue many at' thle more prominent
passages. For miost of' the urctic region. the leatures. The snow Lover has a windiswept
largest f'requency class of' windspced is 4- 12 uninterrup~ted applea ra nce arid consists of' a
miph, accounting f'or 50 to 60 percent of' all hard saistruga-sculptured, wiindpuclkd layer.
occurrences. Gust windspeeds in excess of' usually overlying a course low dcnsi tý layer.
100 mipl are estimated to have return Fig. 2-34(A) and (B I show t\~ picid sunow
periods In excess of' 30 yr in most of' thle covered rubble ice fields over water' as nia\
arctic region. be found onl d vers and ocean siirtfice.
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(A)

Ik

Figure 2-34. Two Views of Snow-covered Ice-rubble
Fields (Ref~ 5

2-66



AMCP 706-118

Ground strength i. naturally extremely and swampy stream beds are scattered

variable and is controlled by variations in throughout large sections. and sandbart and

snow properties as well as by the properties other alluvial materials are found on the

of the underlying soil. flood plains (see Fig. 2-35). Large areas of
broken rock fragments cover the steepest

A striking feature of many regions of the slopes and summits. and the streams gencral-
Arctic, typified by the coawal plains in ly have gentle gradients and flow in
Northern Alaska, are the many bodies of tree-lined narrow channels. Stream flow
water which have a pronounced orientation results primarily from snow and ice runoff
of their long axes. These ponds and lakes in the spring and summer. A summary of
range in length from a few feet to several these tcrrain features is given in Table 2-9.
miles and are as much as 20 rt deep.

At Ft. Greely, the lakes freeze over in
2-6.2 REPRESENTATIVE ARCTIC CLI- early November and i1w reaches a thickness

MATE* of between 30 and 38 in. by the time of' the
spring breakup. Snowfall affects the nature

The U S Army Arctic Test Center is of the ice. With little snowfall the ice is
located at Ft. Greely, Alaska, about 50 mi black in color and has good tr;nsparency
south or Fairbanks near Big Delta. The but, when the snow is thick, the ice is thin
climate at this location is in the cold and becomes inhomogeneous. Ice formed
category defined by AR 70-38 in that the under snow is weak and haiardous.
temperature never reaches the -.70"F re-
quired for the extreme cold category but The Ft. Greely area lies in a discontinuriLs
does reach a minimum of.. 250F for greater permafrost zone, A permanently frozen layer
than 1 percent of the days in the coldest of soil is found beneath most of the glacial
months, This type of climate sometimes is deposits where the top of the pe. rnafrost
referred to as subarctic rather than arctic may be 25 ft below the surface. In areas
and Is common in much of the higher where soil is more than 3 ft thick, however,
latitude zones of North America and north- the permafrost may be cs close as "• to 4 ft
ern Eurasia. Because Ft. Greely is the site of from the surface. In the winter, of course,
the Arctic Test Center, much environmental the soil is frozen from the surface to depths
data have been obtained at this site. Terrain of' 3 to 10 ft except where sometimes
features of sufficient variety exist so that it protected by heavy snow cover.
generally is representative of a large region
of arctic climates. The vegetation characteristics of the Ft

Greely area are summarized in Table 2-10.
2-6.2.1 Terrain Uttle or no vegetation is found in areas

where permafrost occurs neaw tile surfae
The terrain at Ft. Greely includes high- but spruce forests cover large parts of the

land (elevation of 2.500 ft or higher), area. Vegetation is influenced very much by
lowland and flat surfaces (elevations less forest tires. the spruce is replaced by
than 1,500 ft), and low hills and lakes at birch-aspen forests after a fire. Ia low areas.
Intermediate elevations, These terrain fea- alder, birch, aspen, and willow form heavy
tures are a result of glacier action which clumps of vegetation (Oee Fig. 2-36), Grasses
deposited coars;e sandy soils with high cover much of the lowlands of the area
permeability and good bearing strength. In including the old lake areas thkt have been
lower, poorly drained depressions, the line- filled with peat (see Fig, 2-36(B) and (C)).
grained organic and n .etal soils comprising In such areas, mosquitt. s and black flies are
muskeg are found. HunOreds of small lakes a prevalent problem in the summer. The

tundra areas are covered with mosses and
*A general reference for this puagraph is Ket. 9. lichens as well as scattered sedges, heath
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Figure 2-35. A TypicalSma mon. Arc
Contal Plain (Rot, 15)

plants, and occasional small trees, This type either wind or evaporation. Because the
of vegetation generally is found below the snow is generally light and fine. the water
2,000-ft elevation, equivalent of 20 in. of snow is about I in.

of water, Snowfall usually occurs in the
24.2.2 Temperature early morning hours, and very rarely is any

form of liquid precipitation found in the
Weather records show that -25OF tempera- winter months. Snow falls on an average of

lures are recorded from November to late in 8.1 days in January which is the snowiest
March. In a given winter, the number of days month with a total accumulation amounting
with -25*F temperatures or less range from to about 7 in. The snowfall is about one-half
13 to 44. this amount in November. December. and

February.
24.2.3 Solar Radiation

24.2.5 Visibility Rrstrlctions
Fig. 2-37 shows the annual cycle of daily

solar illumination. In winter when tho sun is Visibility at Ft, Greely is commonly
low on the southern horizon. the glare from reduced by ice fog and blowing snow. In
snow-covered surfaces restricts visibiliL, inuary, 2.5 percent of all hours exp ,.ence
particularly when haze or ice fog are ice fog but blowing snow k less common.
present. The twilights are long and provide When the blowing snow does omcur, it is
useful illumination well past sunset. usually within 2 m of the ground and occurs

even in the presence of light winds,
24.2.4 Snow

Whiteout occurs during the most severe
Wind action on the light snow at Ft. instances of fog and blowing snow, In these

Greely results in many open areas being situations, visual references are obscured by
nearly clear of snow throughout the winter, the uniform light reflectance from the sky
In forested areas, however, snow forms a and ground with a loss of orientation and
lasting cover that undergoea little loss from depth perception.
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TABLE 2-10.
PERENNIAL VEGETATION IN THE FT. GREELY, ALASKA. TEST AREA IRif. IS)

General Habitat(s) Principal Remarks
type species

Tall forest High moraine White and black Occupies higher
deposits spruce with area between

scattered birch, lakes. Density
aspen, and willow, hinders trans-

portation.

Mixed short Drier, gently Aspen and birch Young trees re-
forest sloping gravel with scattered placed spruce

plains that have clumps of young forest after
ben burned over. spruce& forest fires,

Cover is very
dense and foot
travel is
difficult.

Mixed scrub Lisually on low Alder, birch, Travel in winter
poorly arained and spruce with easier than in
areas but some- Ieath undergrowth mixed short
times found on forest
slopes.

Sedge- Lowlands and bare Sedges on low- One of the more
tussock hilltops. lands; mosses accessible sect-

and lichens on ions with roads
hilltops. and trails.

Good for winter
travel.

Tundra Areas above Tundra mosses, Steeper slopes
2,500 ft cranberry, blue- show signs of

berry, mossberry, solifluction
small sedges and and in places
willows, labrador bare bedrock is
tea, and scattered exposed.
alder and birch.

Three types ot" fog are encountered during (2) Supercookld fog consisting of liquid
the cold weather season: droplets suspended in the atmosphere at

temperatures below 32'F
(I) Wurm fog consisting of water droplets

suspended in the atmosphere at temperatures (3) Ice fog consisting ofr minute airborne
above 32'F ice particles.
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()Typical dense alder stands along rivers

()and lakes

(B) View showing com~mon distribution and size

Figure 2-36. Veptetaon Charecteristics of the Ft.
Greely, Alaska, Test Are. (Ref. 16)
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the greater pl~rtion of tile earth remains
after these xevore climate regions have been
excepted the wo-callcd tempe-rate regions.
Most materiel is used in the temperate
regions, thus, this climate is often the norm
for materiel design.

It is necessary to examine th,ý criteria for
materiel that are established by regulations
relative to the climates described. The
climatic factors under which materiel is
expected to operate in the various regions is
outlined in AR 70-38. Research, Develop-
mnent. Test. and Ev'aluation of Mw~eriel Jbir

Sit ex&reme Climatic Conditionis (Ref. I ), and
(C) Peat mound hummocks in MIL-STD-210, (1i~nftic Extremes fir

F~gw 2-.~ ~Mfilw'j Equipment (Ref. 5).
Veget.,ron Characteristics of theG The eipht climatic categories of AR 7G-38

Ft. Greely,. Alaska, Test Are. are listed in Table 2-1, and Table 2-11I giveý
(Ref. 15) the diurnal extremes of temperature, relative

titmidity, and solar radiation values for oach
Warm fog is rare during thi. cold weather climate and for both operational and

season but cold or supercooled fog can storage-transit conditions. These factor
occur when the ui; temperature is between values are those to which military materiel

32* and - 300 F. This latter type of tog can might be subjected. Operationul conditions

ofsupercooled tog, frost or rime gathers on and humidity measured uinder standard
expoed urfcesandcan e tickin he ondiion ofvenilaionand radiation

presence of' wind.,hedn namtoooiu shelter at a
heigt o 4 o 6 t aovethe ground.

Ice fog is at frequent occurrence it: Temperature of materiel may vary from the
extremely cold temperatures ani~ is corre- ambient air temperature because of the
lated with human activity. Although natuial effects of incoming arnd outgoing radiation
Sources of' ice fog exist. its most pievitlent adinraloucso'hta:nfuctdb
source is the water vapor injected into the the thermial mass and heat transfer character-
atmosphere from combustion sources, cool- istics of' thel materiel.
ing ponds. ur other activities. The firing ofStrgantasi .odin efctil
an artillery piece, for example. creates a Sirtomprague and transit lt conditions rlctoth
smircn position. wii a evlp h which materiel might be subjected in storage

firig psiton.and transit: e.g., inside ani unventilated field
storage shelter, tinder tairpaulinis, in tents, or

2-7 REGULATORY FACTOR VALUES in railway boxcars.

In the preceding paragraphs of this The con&tions piven in Table 1 1 do nut
chaplte, thle Various clim1ates of thle world represent the ubsollute extremes that may be
have been considered, and extreme values' encountered in the varIous (li0atiC bea-
for the various environmental factors in, tions. AR 70-38 states that Army niateriel

*valved In climate have been given. The will not be Liesigiied. developed, and tested
extreme environments-- desert, tropical, and to withstand the absoIlute extremec climatic
arctic -are described at greater length butt conditions that occur in an area, Materiel is
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TABLE 2,11.
TEMPERATURE, SOLAR RADIATION, AND RELATIVE HUMIDITY DIURNAL EXTREMES R4ef. 1ý

Operational conditions Storage and transit
Climatic conditions

Category Andmbent air Solar Ambient Induced air Induced

temperature, radiation, relative temperature, relative
OF Btu ft-2 hr 1  humidity, OF humidity,

1 Nearly Nearly
Wet-warm constant Negligible 95 to 100 constant 95 to 100

75 80

2
Wet-hot 78 to 95 0 to 360 74 to 100 90 to 160 10 to 85

3
Humid-hot 85 to 100 0 to 360 63 to 90 90 to 160 10 to 85
coastal
desert

4
Hot-dry 90 to 125 0 to 360 5 to 20 90 to 160 2 to 50

Intermediate 70 to 110 0 to 360 20 to 85 70 to 14ri 5 to 50
hot-dry

6 Tending Tending
Intermediate -5 to -25 Negligible toward -10 to -30 toward
hot-cold saturation saturation

cold

7 Tending Tending
Cold -35 to -50 Negligible toward -35 to -50 toward

saturation saturation

8 Tending Tending
Extreme -60 to -70 Negligible toward -60 to -70 toward

cold saturation saturation
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expected to withstand c!inatic conditions Table 2-12. Climatic extren)es arc differ-
tha• are exceteded only one percent ot the entiated by the categories worldwidu, arctic

time (hours) in the most extreme month .ii winler, moist tropics, and hot desrfv .cd
the most extreme parts of the appropriate the marine environment has been indicated
climatic areas. This I-percent risk policy is by the title "shipboard worldwide". Values
acccepted in view of the cost and complexity also are gven for short-terin storage and
of designing for the absolute extreme transport by worldwide land, sca, and air
conditions that might occur in any given transport. These factor values are determined
area.. by scientific judgment and are not expected

to be exceeded on more than 10 percent of
Different climatic extremes for military the most extreme month and are thus called

equipment are given in MIL-STD-210 as in probable extremes.
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CHAPTER 3

EFFECTS OF ENVIRONMENT

3.1 INTRODUCTION sion of all possible cc,,nbinations of environ-
ment would be too cumbersome to include
in this handbook. The combivitions of

This chapter provides information on the environmental factors that occur naturally,
combined effects of environment on mate- plus the concurrence oC certain induced

rief. Whereas in Parts Two and Three of the factors, are discussed as they seem appro-
Environmental Series of Engineering Design priate to the three extreme climatic environ-
Handbooks the effects of single factors are ments-desert, tropical, and arctic. The fact
discussed, the organization of this chapter is that a number of environmental factors are,
directed toward the identification of impor- not discussed specifically should not be
tant classes of effects-interference, mobility interpreted to mean that these factors can
degradation, material degradation, and the be ignored or that they are unimportant.
combinations of environmental factors pro- This reflects the fact that multifactor
ducing t.hese effects. For crnparison, an analysis of the environment at the present
example of single-factor analysis is given in state of the art has been concerned primarily
par. 3-6 and two-tactor combinations are vfth climatic factors. Although all environ-
diwcussed in par. 3-7, mental lactors, induced or natural, have

been discussed separately, many of theThis chapter provides additional support- synergisms that occur have not been investi-
ing information prc.paratory to the dis•cus- snrim htocrhv o enivsi
ing iofothe life-c environ ments pir t Che ps. gated. At the same time, since some of the
sion of the lifascyr:le environments in Chaps, factors are basically independent of other
4 and 5. Just as Chap. 2 described the factorm, they can more easily be considered
important types of climates encountered in separately, For all these 7easons, the basic
the life cyciv of materiel. thiu chapter approach of this volume has been to explore
describes the important classes of effects. the multifactor environment, which can be

characterized by the extreme climatic types,
It is important to note the emphasis on

material degradation in this chapter. Material
degradation is characteristically slow acting, hwally, military materiel should function
causing materiel impairment over time when and where it is needed regardless of
periods of days, monthc, or years. These environment. Environment, however, can
degradative effects are of most importance and does interfere with the functioning of
in the logistic portion of tlle life cycle, men and materiel in several ways. First, the
rather than in the operational portion. The environment can inhibit availability of the
effects of environment in the operational materiel at the time when it is needed. If
environment are more immedilite, consisting materiel cannot be delivered to the user
of functional interference with materiel when it is needed, then its intended function
performance. &oes undone as surely as if the materiel had

been destroyed. It overshadows performance
Every environmental facto: is, at some and reliability considerations and frequently

time and place, part of th i life-,cycle is a devastating fact of the military environ-
environment of military materiel. A discus- ment.
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Second, materiel can be delivered to 1rypical environmental factors involved are
operational personnel and still not be able to listed and, in some cases, the sources of'
perform its function although the equipment these factors are identified.
itself is functional. For example, the envi-
ronment can deny visibility to the operators 3-2 INTERFERENCE
of equipment so that it cannot be employed
effectively. Reduction of visibility also 3-2.1 OPTICAL
affects mobility and can result in damage to
materiel if movement is attempted when Optical, electromagnetic, and acoustic
visibility is inadequate, It also affects the use radiation constitute important sources of
of materiel if it is necessary for operating interference with the proper operation of
personnel to see in order to use the materiel, materiel and performance of personnel.
For example, a rifle or other weapon is of
little value if the enemy or target cannot be Optical interference affects visibility as
located or identified because of fog or rain, well as the instruments that rely upon
or a perfectly functional tank is of little optical radiation for their operation. Such
value if the operators are unable to equipments Include lasers, optical ranging
maneuver it or to direct the firing of its devi,.,s, optical rangefinders, solar cells.
weapons as a result of visibility impairment, optical navigation equipment, and tracking

devices such as theodolites, survey instru-
Third, materiel can deteriorate or be ments, and fire direction equipmen'.

damaged to the extent that it cannot
function properly as a result of environ- The most common form-, of optical
mental factors. Basically, only two general interference result from the suspensirn of
types of damage can occur to materiel: (1) particles in the atmosphere. These include
damage by physical processes, and (2) moisture as in clouds, fog, and salt fog, ice
damage by chemical processes. These pro- and snow particles in ice fog and snow
cesses are not exclusive since mechanical storms; dust in dust storms: atmospheric
damage is frequently necessary to permit the pollutants, and rain. Also, optical interfer-
exposure to environmental factors that cause ence effects are produced as a result of
chemical damage. In addition, the processes differing indexes of refraction of layers of
of chemical reaction produce physical dam- the atmosphere, as in mirages, Very bright
age in. many cases. Rust, rot, mold, electrical reflections can also interfere with visual
short circuits, and prematurely wornout performance.
truck tires are examples.

In some cases, water is a form of optical
A special case occurs when an item of interference, particularly when terrain is

materiel is rendered inoperable by the covered by water to the extent that it is not
environment although no permanent damage possible to determine the shape of the
may occur to the materiel. For example, terrain underneath the water. This is particu-
sometimes an environmental extreme may larly important in fording operations or in
modify operation of the item of materiel so operations in flooded areas. Vegetation
that continued use would so shorten the restricts visibility to varying degrees, depend-
materiel lifetime that operation is not ing upon the nature and quantity of the
practicable under the extreme condition: vegetation present. In many areas, irregular
e.g., overheating of vehicles in extremely hot terrain with high relief features is the major
climates, and overheating of brakes because limitation on visibility. Finally, it should be
of steep terrain, noted that darkness is a factor that,

although not necessarily considered a form
In Table 3-1 the general effects of of optical interference, is extremely effective

environmuent on materiel are tabulated. in reducing performance, particularly the
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TABLE 3-1.

EFFECT OF ENVIRONMENTAL FACTORS

Major effect Causes

Interference
Optical (reduction of Fog, ice fog, salt fog, whiteout,

visibility, loss of rein, snow, mirages, darkness,
communications) terrain, clouds, duststorms, vege-

tation, water (covering terrain),
countermeasures

Electromagnetic Lightning, terrain, auroral phe-
(nonoptical) nomena, rotating machinery,

electromagnetic pulses from nuclear
weapons, electrostatic discharge,
communication (radio and televi -
sion) sources, microwave sources,
transmission lines, industrial
equipment

Audio Gunfire, explosions, rotating ma-
chinery, vibration of materiel,
impact or shock of materiel,
thunder, wave impact, animal
noise, traffic, construction, ex-
haust noise from engines

Mobility reduction Ice, snow, mud, wet salt flats,
(embedment, trapping, swamp,-sand, relief (due to shape
loss of traction) of terrain), rocks and boulders.

vegetation, grade, water, step
function interfaces in the terrain

Mechanical damage Temperature, humidity, fog, water, rain,
(deformation, fracture, water pressure, wind loading and air
fatigue, loss of strength, pressure, ice and snow loads, blowing
change of state, change sand and dust, terrain (shock,
of viscosity for liquids) vibration, impact), macrobiological

organism , shock, vibration,
acceleration, solar radiation

Chemical damage Temperature, humidity, fog, salt fog, salt
(deterioration, corrosion, water and spray, rain, ozone, air pollut-
spoilage) ants, microbiological organisms
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visual performance of human beings, can interfere with critical communications
Whether or not a visibility factor is between individuals Audio interference also
considered an aid or an interference depends distracts and irritates personnei, often reduc-
on whether the objective is concealment or ing performance when the noise level reaches
observation, a certain point, particularly wheki the task to

be performed vivolves mental processes.
3-2.2 ELECTROMAGNETIC Further, a common experience has been for

the presence of even small noises to become
Electromagnetic interference at nonoptical a source of severe irritation, which is

wavelengths is present in a wide variety of reflected in performance degradation or loss
phenomena. Electromagnetic interference of sleep, A classic example is the loss of
produces signais that interfere with com- sleep caused by a single mosquito buzzing in
munication equipment, radar equipment, and a room. The severity of the irritation
uther types of electronic equipment that produced unde' these circumstances varies
depend for their operation upon the recep- with individuals, but it can be severe. Noise
tion of electromagnetic signals. In addition, can also be a negative factor when conceal-
the presence of strong electromagnetic inter- ment is desired. Finally, loud noises and
ference can Induce damaging voltages in blast effects are known to produce both
electronic and control equipment such a, temporary and permanent hearing damage in
computers that do not depend on the man.
propagation of electromagnetic energy in
free space. Natural sources of acoustic energy include

thunder, wind noise in vegetation, and wave
Natural sources of electromagnetic inter- impact. Manmade sources of audio interfer-

ýerence include lightning, Ionospheric dis- ence are extremely varied; e.g., explosions
turbances, and auroral phenomena. In addi- and gunfire, jet engine and other engine
tion, for those high frequency devices that exhaust noises, traffic, construction, rotating
depend upon line-of-sight for their function, machinery, plus vibration, impact, and shock
terrain features interposed between two of materiel.
communication sites or between radar set
and target can degrade or prevent operation. 3-3 MOBILITY DEGRADATION
Vegetation Interposed between a transmitter
and receiver or between receiver and target Mobility, both vehicular and personnel,
can absorb or scatter electromagnetic energy can be affected by a variety of mech-nisms.
to such an extent that operation becomes Vehicles can become embedded in soft
marginal. Even flying birds and insect clouds snow, mud, or sand to such an extent that
have on occasion appeared as false targets in the power transmission system of' the vehicle
high frequency radar systems. is no longer effective in producing the

traction sufficient to move the vehicle
The sources of manmade electromagnetic forward, This usually occurs when the

interference are numerous. They include amount of material that must be pushed
industrial equipment, microwave ovens and aside in front of the vehicle become
other microwave sources, communications sufficient to prevent its lorward motion with
(both radio and television sources), transmis- the traction provided by the contact of the
sion lines, rotating machinery, and electro- wheels with the terrain, Loss of traction can
static discharges of various types. occur without embedment as a result of the

slipperiness of ice, wet salt flats, wet and
3-2.3 ACOUSTIC oil-coated pavements, packed snow, and thin

layers of mud over dry or otherwise more
Audio or acoustic interference can pro- tractive material. Mobility also can be lost

duce several effects. First, audio interference by trapping, as occurs when fixed parts of
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the vehicle come in contact wit]: the ground, follow delineate the basic types of material,
thus preventing motion of thE vehicle. This identify the agents of deterioration, and
particular mode of immobility occurs as a enumerate the effects of deterioration for
result of attempted traverse of ditches and each material type.
hillocks or humps.

In considering the deterioration of any
Other natural obstacles, such as rocks and item, the target materials may be divided

boulder fields, also prevent vehicle motion into two broad headings.-.-inorganic and
by trapping. Mature forests prevent passage organic. The fundamental material types and
of vehicles; many waterways, because of the primary deteriorative agents or effects
depth and currents, are often impassible: and for each material type are listed in Table
step function interfaces in the terrain such 3-2.
as cliffs, steep stream beds, and ditches
prevent vehicle movements. Finally, a vehicle Table 3-3 lists the commonly occurring
can traverse a maximum slope (which differs environmental f.Lctors that are most sinifti-
for various vehicles according to their cant from the standpoint of deterioration.
weight, power, and configuration), beyond With each are listed the principal effects
which traction is insufficient to produce caused and some typical failure modes
forward progress. In other cases, the limiting induced by the factor,
parameters are not traction and power hut
rather the stability of the vehicle, This is To provide some insight into the kinds of
particularly applicable in lateral movement deterioration that can occur, deterioration of
along steep slopes because for most vehicles various classes of material is discussed in the
the wheelbase is loinger than the track width, paragraphs that follow (Ref. 3),

3.4 MECHANICAL AND CHEMICAL DAM- 3-4.1 METALSAGE TO MATERIALS
Except for physical changes biought

The deterioration of materials as a result about by low temperatures, the primary
of exposure to various environmental factors deterioration of metals is in the form of
is discussed in this paragraph. First, particu- corrosion. Corrosion of metals is related
lar types of materials are discussed with closely to the environment. Basically, mois-
respect to those environmental factors most ture, chemical action, electrochemical action,
likely to result In deterioration. Thus,. if one and temperature are the elements that
is working with or considering a particular contribute to the deterioration of metal.
material, the primary environmental pitfalls Moisture in the form of water or water
can be identified easily Second. a number vapor is essential, with the rate of corrosion
of environmental factors are presented along being influenced by the manner in which the
with their principal effects and the typical moisture is applied. Alternate wetting and
kinds of failures that the environmental drying, as by a spray, causes rapid corrosion-.
factor produces, This may be uscful when it whereas wetting, as by condensation, with a
is desired to evaluate the importance of a thin water layer is even more destructive. A
particular environmental factor. high relative humidity results in an 80-per-

cent increase in the corrosion rate of steel
Emphasis is plave.d on the effects of and a significant increase in the corrosion

environmental factors on materhals. Discus- rate of zinc over that in dry air.
don of multifactor, environmentally induced
problems encountered by operational mate- Corrosion of metals by reaction with trace
riel (which in reality are assemblages of chemicals in the environment occurs under a
items constructed of varnous materials) will variety of' circumstances, each generally
be deferred to Chap. 4. ,he paragraphs that requiring moisture. Atmospheric pollutants
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TABLE 3-2.
MATERIAL DETERIORATION AGENTS (Ref. 11

Material Agent

Inorganic
metals Chemically tnduued corrosion

Electrolytic processes
Age itardening
Stress deterioration

Glasses Actinic processes
Physical and chemical weather-

ing
Microbiological attack

Organi C
Rubber Oxidation (ozone)

Loss of plasticizer
High tUnperature (continued

vulcanization)
Microbiological attack
Stress deterioration

Plastics Chemical attack (solvent vapors)
Actinic processes
Microbiological attack
Mechanical stresses

Oils and greases Oxidation
Chemical 6issociation
Microbiological attackEvaporation

Wood (cellulose) Biological attack
Imbalance of moisture

Fabric Biological attack
Actinic processes
Thermal deterioration

are an important source of trace chemicals sodium chloride because it is most frequent-
and, in some areas subject to fog, produce ly encountered-but the nitrates, sulfates,
much metallic corrosion. The salts in soils phosphates, and, occasionally, carbonates are
and water are the most widely distributed also active agents. Salts in solution or in a
and troublesome of corrosive chemical moist environment hydrolize, causing corre-
agents. Natural salts causing the greatest sion of metals either by direct chemical
damage are the chlodides-particularly action or by electrochemical action.
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TABLE 3.3,
SUMMARY OF MAJOR ENVIRONMENTAL EFFECTS (Ref. 2)

Environmntal Principal effects Typical fAilures inducedfactor

High teerature Thermal aging: Insulation failure

Oxidation Alteration of electrical properties

Structural change

Chemical reaction

Softening, melting~and Structural failure
sublimation

Vincosity reduction and Loss of lubrication properties

Icesdmechanical stress

Increased wear on moving parts

Low teperature Increased viscosity and Loss of lubrication properties

solidification

Ice formation Alteration of electrical properties
Embrittlament Loss of mechanical strength

Cracking, fracture

Physical contraction Structural failure

Increased wear on moving parts

High relative Moisture absorption Swelling, rupture of container
humdity Physical breakdown

Loss of electrical strength
Chemical reaction: Loss of mechanical str~ingth

Corrosion Interference with function
Electrolysis Loss of eletctrical properties

Increased conJuctivity of insulators

Low relative Desiccation: Loss of mechanical strength

humidity

Ctbrittlement 5tructural collaps,

4ranulation Alteration of electrical properties

"Dusting"

High pressure Compression Structural collapse

Seal penetration

Interference with function
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TABLE 3.3 (Continued).
SUMMARY OF MAJOR ENVIRONMENTAL EFFECTS (Ref. 2)

Environmmntal Principal effects Typical failures induced
factors

Low pressure Expansion Fracture of container
Explosive expansion

Outgassing Alteration of electrical properties

Loss of mechanical strength

Reduced dt,"'i.cttc Insulation breakdowm and arc-over
strength of air

Corona and ozone formation

Solar radiation Actinic aAd physico- Surface deterioration
chemical reactions:

Embrittlawent Alteration of electrical properties

niscoloration of materials

Ozone formation

Sand and dust Abrasion Increased wear

Clogging Interference w.0h function

Alteration of electrical properties

Salt spray Chmical reactions: increased wesa-

Corrosion Loss of mechanical strength
Alteration of electrical properties

Interference with function

Electrolysis Surface deterioration

Structural weakening

Increased conductivity

Wind Force application Structural collapse

Interference with function

Loss of mechanical strengch

Deposition of materials Mlechanical interference and clbcoging
Abrasion accelerated

Heat loss (low velocity) Accelerated low-temperatuoe effects
Heat gain (high velo- Accelerated high-temperature effects

city)

Rain Physical stress Structural collapse

Water absorption and Increase in weight
iomirsion Structural weakening

Acceleratts cooling
Electrical failure
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TABLE 3-3 (Continimed).
SUMMARY OF MAJOR ENVIRONMENTAL EFFECTS (Ref. 2)

Envi ronmental Principal effects Typical failures indLiced
factors

*Rain (cont) Erosion Removes protective coatings
Structural weakening
Suirface deterioration

Corrosion Enhances chuqical reactions

*Water immersion Corrosion of metals Structural weakness, seizure of
parts, contamination of products

Chemical deterioration isoilout and changing of
moteria s

* Hig presuresMechanical damage
"(13 lpb autrl3-ft

depth)

Insects and bacteria Penetration into equip- Blockage of small parts, meters,
Mant etc.

Nibbling by termites Damage to plastic cables or other
organic insulating materials,

* causing shorts

*Fungi Growh of molds, Ilypha. Damage to optical equipment-, loak-
aget paths in high impedance cir-
cuilts-, blockage of small parts,
meters, etc .- breakdown of mechan-
ical strength of all organic ma-
terial s

Temperature shock mechanical stress Structural collapse or weakening
* Seal damage

High Speed per. Heating Thermal aging
tidles (nu-Oidto
clear irrad-Oxdto
lation) Transmutation and Alteration of chemical, physical,

ionization and electrical properties
Production of gaets& and secondary

Particles

Ozone Chemical reactions: Rapid oxidation
Crazing, cracking Alteration of chemical, physical.

and electrical properties
Embrittlement Loss of mechanical strength
Granulation Interference with function

Reduced dielectric Insulation breakdown and arc-over
strength of air

Explosive Severe mechanical Rupture and cracking
decompression stress

Structural collapse
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TABLE 3-3 (Continued).
SUMMARY OF ENVIRONMENTAL EFFECTS (Ref. 2)

Environmental Principal effects Typical failures induced
factors

Dissociated gases Chemical reactionss Alteration of physical and electrical
properties

Contaitnation

Reduced dielectric Insulation breakdow and trcover
strength

Acceleration Mechanical stress Structural collapse

Vibration mechanical stress Loss of mechanical strength

Interference with function

Increased wiar

Structural collapse

Magnetic fields Induced magnetization Interference with function

* I Alteration of electrical properties

Induced heating

* Because of their high activit), free acids Galvanic action causes the progressive
and bases are rarely encountered in the corrosion of the more positive of the two
natural environment, An important excep- met-ls forming the cell, with the action
tion, however, Is the hige acid concentration continuing as long as an electrolyte is
in some atmospheric pollutants found in present. Sufficient differences usually exist
industrial emissions. Sulfur dioxide and between adjacent crystals of a metal for this
carbon dioxide in the air form sulfurous acid action to take place, even on an apparently
and carbonic acid in the presence of water homogeneous metal. but, when different
vapor, metals such as aluminum and steel are

coupled, the potential difference is greater
Electrochemical (or galvanic) processes and the corrosion is accelerated.

account for more destruction of metals than
any of the other forms of corrosion. The At low temperatures most metals undergo
deterioration process operates in the follow- transient changes hi properties that make
ing manner. When two dissimilar metals are them susceptible to failure In areas of high
in contact and e posed to an electrolyte, a stress concentration, At low temperatures,
galvanic cell is formed and current flows, metals become stronger and stiffer but also
The rate of current flow depends on the more brittle and subject to fiicture as a
potential difference, which in turn depends result of suddenly applied loads This
on the electrochemical dissimilarity of the low-temperature, briti'-fr.dctur% phcnomne-
metals. Table 3-4 gives the relative electro- non can occur in sonmi muetals at ternper'-
motive potertial of various metals. tures as high as 320F.
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TABLE 34, 34.2 WOOD AND CELLULOSIC PROD-

ELECTROCHEMICAL SERIES (Ref. 31 UCTS

Anodic (Positive) End Wood and cellulosic products are subjectAm to deterioration by the factors of climate,
Lithium dphysical forces, chemical agents, and biologi-

Rubidium cal agents. The latter, microbes and insects,
are without doubt the prime cause of failure

Potassiumn in wood and wood products, Wood in
Calcium contact with the ground Is susceptible to
Sodium fungi and molds. 'articularly in a moist and

warm environment. Most such organisms
Strontium cause decay and drastically reduce the
Barium structural strength of wood, whereas others

Magnesium do not damage the wood but quickly

Bery111um deteriorate certain plywood glues. Under
humid conditions fungi and molds can stain

SAluminum wood in a few days. even if the wood is
Manganese supported off the ground, and can eventual-
Zinc ly cause decay.

Chromium Wood in contact with the ground is also
Gadolinium subject to attack by many insects, in
Iron (Fe)++ particular termites and powder post beetles.

Wood supported above the ground and kept
SCadmium dry is subject to attack by these insects to a
Indium much lesser degree. In the case of wood
Tel lurium supported above ground, the subterranean

Cobalt termites have to build tubes up from the
ground to reach the wood. Insect damage to

Nickel zrates supported above the ground is due
Tin primarily to powder post beetles and
Lead drywood termites,

Iron (Fe+++) Abrasion, weathering, and high tempera-
Hydrogen (neut al) tures also cause deterioratioti of wood
Antimony products. Abrasion occurs during shipment
Bismuthand handling. Long exposure to high temper-

atures causes gradual loss of strength, the
Arsenic rate or loss increasing with temperature,
Copper Similar results occur when unfinished wood

Iodine is exposed to the weather for any extended
period of time. Alternate periods of rainfall

S lver and hot, dry weather produce cracks, splits,
Palladium and general erosion of wood, eventually
Mercury resulting in loss of structural properties. In

extreme conditions where long life must be
Platinum assured, wood products should be protected
Gold from the elements.

Cathodic (Negative) End Wood products are readily destroyed by

chemical concentrations and industrial waste.
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For a discussion of the various effects of heat under normal circumstances is that of a
different types of chemicals on some catalyst in decay caused by microbes and
common woods, the reader is referred to moisture.
Ref. 4.

Most chemical deterioration of paper is
Cellulosic paper products are subject to due to the sulfur dioxide gas present in

the same deteriorating agents that affect industrial atmospheres. Acids formed from
wood. When ordinary paper becomes wet, it sulfur dioxide attack the gel-like portion .of
loses its structural strength because the the fibers but have a minor effect on the
moisture dissolves and softens the gelatinous cellulose content. Deterioration varies ac-
binder that holds the fibers together, Wet cording to the type of paper.
strength papers are available where this is a
problem. 3-4.3 PLASTICS

Under proper conditions of moisture and In general, most plastics have good
warmth, microbiological attack of paper, resistance to corrosion and chemical action.
paperboard, and fiberboard can be severe. Chemical deterioration of plastics can result
Mildew, bacteria, and fungi are the chief in loss of strength, erosion, warpage, crack-
offenders. Somen microbes merely deface or ing, and loss of transparency. Most of these
stain paper, but serious damage occurs when physical ch:anges are caused by loss of
the cellulose content of paper is consumed, plasticizer. The 4cryllc plastics have relative-

ly high resistance to various chemical
Insects damage paper because they use it solutions. Most plastics are not susceptible

as a food, Termites consume paper for its to microbiological attack. Generally, because
prime structural component, cellulose. Silver- or the wide variety of plastics. a plastic that
fish, on the other hand, destroy paper by will resist deteriorative processes can be
eating the starchy materials, such as glue and chosen for a particular application. For
sizing. Cockroaches feed on many materials, example, a number of plastics, e.g., poly-
eating both bindings and paper. The cellu- ethylene and Teflon, remain flexible and
lose-eating insects (termites and cockroaches) retain their strength at low temperatures
will attack sheetboard, pasteboard, composi- (-300 to-500 F).
tion board, fiberboard, labels, paper boxes,
insulating paper, and tar paper. 3-4.4 RUBBER

Rodents damage paper products while Rubber is subject to deterioration by
gnawing in their search for food, Since the chemical, biological, arid physical agents
paper particles are not swallowed, toxic often working in concert. The most serious
agents on the paper are useless. The most cause of deterioration in rubber is the ozone
effective preventive has been setting out a present in the atmosphere. Ozone causes
poison bait. Table 3-5 describes the range rubber to become brittle and may produce
and habits of several common small rodents, fissures over its surface. The sevetity of

attack varies greatly according to the type of
Continued exposure to sunlight causes tubber. Oxygen has a similar but rnuch

deterioration of cellulose: rate and severity n;lower effect. Natural rubbers swell when in
are dependent upon the kind of cellulose contact with liquid hydrocarbons such as oil,
used in the paper and the impurities present gasoline, and bcnzetse. Disintegration or
therein. Basically, however, sunlight is a aging eccurs from prolonged contact.
minor problem.

Rubbers, particularly carbon-based rub-
Heat .lone can weaken paper by altering bers, lose their flexibility and become brittle

its chemical structure, but the main role of at low temperatures. Failure by shattering as
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TABLE 3-6.
DEGRADATION OF RUBBER BY HIGH TEMPERATURES (Ref. 31

Type of rubber Hiqhest usable
temperature
0C oF

Silicone 260 500

Polyacrylic 177 350
Buna-N 171 340

Neoprene 157 315

Butyl 149 300

Buna-S 138 280

Ne'ural 127 260

lhlokol 121 250

a result of suddenly applied loads thus tion by microbes since some of the material,
becomes more probable at low temperatures. being of vegetable or animal origin, serves as
Changes are reversible, however, and the food. Warmth and wetness facilitate the
material, if not mechanically damaged, development of a flourishing and diversified
,ecovers its original properties as tempera- collection of bacteria, fungi, and molds that
tures return to normal. At high temperatures destroy materials of vegetable or animal
both natural and synthetic rubbers become origin. Fabrics of cotton, linen, and some
gummy, take on a permanent set, and rayons are attacked vigorously. Microbiologi-
decrease in tensile strength. Table 3-6 shows cal deterioration causes odors, spotting, loss
the temperatures abnve which various types of water repellency, loss of strength, and a
of rubber become unusable, decrease in flexibility. The growth of

microbes on textiles invariably is precededCertain rubber compounds are susceptible by contact with soil or other moist
to microbiologicaz deterioration. The reac- substances that harbor them.
tion is rather slow and requires an environ-
mient containing moisture and warmth. Moisture generally is considered an agent
Decomposition of rubber by sunlight is due of deterioration. Ordinarily, the more mois-
mainly to the blue and ultraviolet wave- ture available, the more rapid the degrada-
lengths. These rays cause the rubber to tion, However, an unusual feature worth
siberate gases as the rubber dectmposes. The noting in the deterioration of textiles, is that
surface of rubber undergoing actinic deterio- moisture contributes to the breakdown of
ration exhibits resinification of the surface some textiles (they become very brittle) by
and an irregular p:.ttern of' Y.iy fine cracks, its absence, An optimum moisture content is

3-4.5 TEXTILES required for the maintenance of useful
properties. Textiles that have lost their

Textiles are subject to deterioration prin- properties through lack of moisture ran be
;ipally by weather and biological agent,. restored by exposure to the proper humid-
Thley are particularly susceptible to destruc.. ity.
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TABLE 3-7.
RES*STANCE OF FIBERS TO OUTDOOR EXPOSURE (Ref. 3)

Fiber Resistance to
Soutdoor exposure

Viscose rayon Yellows slightly

Cuprammonium Good
rayon

Acetate Loses strength
somewhat

Nylon Excel lent

Vinyon N or Dynel Excellent
(Wnir n Carbide)

Saran (Dow) or Excellent
Velon (Firestone)

Orlon (Dow) and Excellent
Chemstrand (Monsanto)

Dacron (du Pont) or Excellent
Terylene (Imperial)

Acrilan (Monsanto) Excellent

Glass Excel lent

Sunlight is responsible for most of the from deterioration for any long period of
nonbiological deterioration of textiles. It time.
changes the cellulose content of the textile
fiber by photochemical processes. Certain The most serious types of food qpoilage
dyes reduce the deleterious effects of can be classified as chemical and biological.
sunlight. Deterioration by sunlight some- The latter includes insect infestation, which
times is accelerated by the effects of other renders food inedible from an esthetic point
climatic elements, Table 3-7 gives a qualita- of view, and the growth of fungi and molds,
tive Indication of the resistance of various which spoil food. Chemical deterioration
types of fibers to outdoor exposure. includes a number of types of spoilages.

Examples of chenfical spoilage that occur
34.6 RATIONS during storage of' subsistence items are (Ref.

5):
An important supply item subject to

deterioration is food. Problems with deterio- (I) Browning reaction. This type of
ration are probably more severe for food spoilage results in darkening or "bhowning"
than for any other single, large-quantity of the product, loss of flavor decrease in
military item. Food is absolutely neesgary, certain nutrients, and undesirable changes in
is required in large quantities on a continu- taste. The natural flavors disappear and
ing basis, and is very difficult to protect off-tastes develop. In addition, undesirable
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changes in texture and even the production that temperature is generally the most
of toxic substances may develop. Some of important singlo factor influencing the life
the commodities that undergo this type of of food items.
deterioration are dried fruits and vegetables,
powdered eggs and milk, fruit juice concen- 3-5 EFFECTS ON PERSONNEL
trates, certain beverages, jams, jellies, canned
bread, certain canned vegetables, meat items, In addition to affecting materiel, the
and a variety of other foods. environment also affects man. Although this

handbook is oriented toward effects on
(2) Fat deterioration. Fats undergo materiel, when personnel are affected by

changes resulting in the production Of environmental factors, the result is usually
off-odors and tastes, loss of nuteitive value, that new or modified materiel requirements
and perhaps the production of toxic sub- are created. The design engineer must be
stances. A few items so affected are biscuits, alert and knowledgeable with respect to such
cookies, prepared mixes, ice cream powder, requirements. In the discussion of visibility
and dried whole milk. and mobility effects, it is pointed out that

when man is ,1he opt,'ator of materiel that
(3) Changes in texture, Several types of requires use of vision for successful opera-

chemical changes may take place to cause tion, a variety of environmental factors can
texture changes. In dried cranberries, haroper his operational effectivencss and in
changes in the pectin molecule may occur. turn the operational effectiveness of the
In other cases, the product may toughen; materiel operated by man; e.g., night vision
e.g., dried apricots sometimes become equipment was dwveioped to partially re-
brittle, move visibility limitations imposed by dark-

ness.

(4) Color changes. The natural colors of
many food items undergo undesirable In any discussion of man in the opera.
changes during storage. The redclish pigments tional environment, it is important to make
of strawberry jam gradually disappear with the distinction between discomfort and
storage, At the same time, browning takes impairment of function. Many circumstances
place with the result that the jam becomes in the operational environment cause dis-
brown or black rather than red. Many comfort to man, yet in most cases he is able
canned items such as berries, prunes, and to remain operationally effective. Discomfort
beets undergo color changes during adverse factors include temperature, both cool and
storage conditions. hot; high and excessively low hiinidities-,

solar radiation; rain and solid precipltants;
(5) Staling reaction. The mechanism of macrobiological organisms; and, particularly,

this reaction is not well understood but it the biting and stinging insects. Experience
results in an undesirable change in the has demonstrated that, except in unusual
texture of items such as canned bread. circumstances, microbiological factors cause

little problem in the operational environ-
(6) Vitamin changes. Frequently, a grad- ment. A certain percentage of personnel is

ual loss of vitamins occurs during storage. on sick call, virtually independent of the
This is true in practically all foods that have circumstances. Pollutants and sand and dust
been studied, in the atmosphere can cause discomfort to

the individual as well as impairment of visual
All foods, except salt and perhaps sugar, function.

are perishable. Consequently, regardless of
how fresh a food may be, It can be ruined Impairment of personnel performance can
by improper storage and handling. Large be produced by several environmental fac-
amounts of research have shown conclusively tors, including electromagnetic radiation,
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TABLE 3.8.
_• ) EXPECTED SHORT-TERM EFFECTS FROM ACUTE WHOLE-BODY NUCLEAR RADIATION (Ref. 6)

Dose in rads Probable effect

10-50 No obvious effect, except, probably, minor blood changes.

50-100 Vomiting and nausea for about 1 day in 5 to 10% of exposed
personnel. Fatigue, but no serious disability. Transient
reduction in lymphocytes and neutrophils.

100-200 Vomiting and nausea for about 1 day, followed by other
symptoms of radiation sickness in about 26 to 50% ofpersonnel. No deaths anticipated. A reduction of

appruximately 50% in lymphocytes and neutrophils will
occuir.

200-350 Vomiting and nausea in nearly all personnel on first day,
followed by other symptoms of radiation sickness; e.g.,
loss of appetite, diarrhea, minor hemorrhage. About 20%
deaths within 2 to 6 wk after exposure; survivors conva-
lescent for about 3 mo, although many have second wave
of symptoms at about 3 wk. Up to 75% reduction in all
circulating blood elements.

350-550 Vomiting and nausea in most personnel on first day,
followed by other symptoms of radiation sickness; e.g.,
fever, hemorrhage, diarrhea, emaciation. About 50%
deaths within 1 mo; survivors convalescent for about
6 Mo.

550-750 Vomiting and nausea, or at least nausea, in all personnel
within 4 hr from exposure, followed by severe symptoms
of radiation sickness, as above. Up to 100% deaths;
the few surv1in-s convalesce for about 6 mo.

1,000 Vomiting and nausea in all personnel within 1 to 2 hr.
All dead within days.

5,000 Incapacitation almost Immediately (minutes to hours).
All personnel will be fatalities within 1 wk.

terrain and precipitation, shock and vibra- impaired in operational effectiveness. The
tion, and acoustic energy, plus the visibility cffeLts of long-term exposure to nominal
impairment factors already discussed. Elec- doses have not been completely determined.
tromagnetic and nuclear radiation effects are Table 3-8 presents expected short-term
sufficiently slow acting for nominal expo- effects from acute whole-body exposure to
sures that personnel so exposed are not high-energy nuclear radiation.
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TABLE 3.10.
TOLERABLE LIMITS OF TEMPERATURE (Ref. 2)

Condition Temperature, OF

Comfort zone, 56 to 75
summner

Comfort zone,
winter, light 63 to 71
work

Comfort zone,
winter, heavy 55 to 60
work

Physiological
limits, at rest, 156 for 30 min at 10% humidity
heat 107 for 30 min at 90% humidity

500 for 2 min, air absolutely dry
200 for 35 min, air absolutely dry
122 for 120 min, air absolutely dry

Physiological 38 for 5 hr at 3 mph ai rspeed
limits, at rest, 44 for 4 hr at 9 mph airspeed
cold

Physical stiff-
ness of extrem- 50 and under
ities begins

Physical fatigue 75 and over
begins

Mental activi-
ties and com-
plex perform- 85 and over
ance begins
to deteriorate

temperature increases above the comfort Ing the operational efficiency of personnel.
zone, mental processes slow down, motor Between 860 and 95'F, the errors made by
response is slower, and error likelihood personnel as a result of temperature begin to
increases. As the temperature is lowered, increase precipitously. Errors are also a
physical fatigue and stiffening of the ex- function of humidity with fewer errors
tremities begin. The tolerable limits of heat occurring in dry a4r than in humid air.
and cold for normally clothed personnel are Incapacition can also occur as a result of
given in Table 3-10. The heat factor is heat. Table 3-11 classifies these incapacitat-
probably the most important fact in reduc- ing effects.

3.20



AMCP7W6-1S

do -- -1-% •

I I- . M

.0 #A" u"0i .

All,

0ii- , iul- =

im, 1..

I•~~c 4j 1nO "I" I

Ii .a laE

•'JLL,~r ;n4-.j: i

fa41 _,

C4J4J• 4•
r-- C6
o1 4. w4.t!

4 I

C Oi

$ . a g4- *

SI.,,

OiL vs SuS J=

E~~4 *L4 E0

Up *u -= t

I Q2 OA 4- 0 .

4J It 4I

InV

00

0'- EU

03 "C- #a 'Ecr9W

vi0 u ci,
U1 03 4u-

U.'- EU

EU3 21



AMCP 7e1.11

TEMPERATURE, OF
so 5 70 so so 40 so 20 10 0 -k -20 -30 -40

IC -~ -40

19 0 21 1?3 1 I 1-1

TEMPERATURE, *C

Numbers on curves represent vindchill in

kg-cal a2 hr"2

Figure 3.2. Windchill Chart (Ref. 2)

In cold region's, in spite of the best arctic 34 SINGLE-FACTOR ENVIRONMENTAL
clothing, it has been found that personal ANALYSIS
suffering increases rapidly as the temperature
drops below-100F. Personnel may need all One approach to analysis of the effects of
of their energy to use tools of any kind in environment on materiel has been to con-
the open. Without shelter and heat, most sider the effect of individual environmental
adjustments are impossible, and with heavy factors separately. To illustrate this single-
gloves worn out in the open, even the simple factor analysis method and its application,
task of removing or inserting screws becomes an example is given in Table 3-12. In this
extremely difficult, table, effects of individual environmental

factors are given. The environmental factors
A properly dressed worker can perform so tabulated are vibration, shock, tempera-

tnsks at temperatures between 3r and 0*F ture, humidity, and salt spray.
for 30 min without interference from the
cold itself. Fig. 3-2 is a windchlll chart that
can be used as a guide to the severity of 3-7 TWO-FACTOR ENVIRONMENTAL
exposure conditions for personnel who are COMBINATIONS
appropriately dressed and not wearing
heated garments. For more detailed discus- Environmental factors do not occur in-
mion of the effects of individual environ- dividually in any actual environment. In-
mental factors on personnel, the reader is herent properties of the atmosphere, such as
referred to the appropriate chapters of Parts temperature, humidity, and pressure, are
Two and Three of this Environmental Series. present at all times and interact with each

3.22



AM•P 700-118

IC)

WS;,. ...

41i, t, L.-

L L. 4A 4A L

=I I 'A .0 L 43 c

++ULS4)o,- -+ .9 o .- C . U....-L0.- .4-C 4) inI- 4

Z,.- 4-1)~4). in I-IL

, 1, ". I-% U O I A

1,.J 4A 4J.,

L.P" 2 ,l S.

U guI 4

.a S. "= + +

.- i 4)-4 -, iUi

W) IVA4b J #

IIn

34,2

MU 64)n p

4- 'A

4A4.,..,+, 44w, L EC-. M .
Flo Li1C"U ,C4 d4

41 %.w, 3.23



AAM0' 70&11*

a 4a
4! -ElId

ur..

4.A

U " o 6.4 4-

*a c' 4a Fat
~I #A TIG _ __ __ _

SIS.

UU

.a-M 4.

t o w- 4 III-3-24



F ~ AMCP 706-113

R 40

'0-~i U- 1. S

V t!

raa c

....- l0 40 u

4.0

4-1K 5  4.

4j4

4~B1+ :~ ~ 4m~I
-3-2



AMU' 70.1s

o 0 0 0 j

10 41- 4-AA to V. C _ CflO En -to i.- m rC
S.-L al0 f r 0C 44 0 0 0rcC W 6 4Jto Up r 0
06~ 41 -- UW '-f?- LA 4A " u I--I .ý. A )0

4A 4 -0 U 4) I 4 4 -0 $- 0CM 01LW)
Q a t ~ C b 41J 0 I-0 fa. IA #A-6 IQW O.- s

41 t66 .,
* L. 6. 61o J2 ~ U 1 U 61 CL

U4. %.-~4 q 6 L. " 0 r- 61 u 0L"

Cie

4A-L I1 CLm I C- a)mu m

-a .60 4C 49-0 #A. ~4j . 0 &10

41 1. - C vmcu a 4A

I. c - .1
41 416 I ..24 4J 44.L 61W c 0.a412 o f

461J0 1 C 41G S 1P $ IV a1 M 41.0
iso vA .C 4 4- a .L 111.LA0 0

W. 4 0 -r .3 0 W 1 C ' 61 1J4

Lf6'

$.- AlL 0 #-C
WC4 C0 C46.43

1-~ ~~ UO,%O A .
041IA 0 *.0 4) -M I

v 0 4jAC 6 41-#A Lwii 412 .- 1 - =', 0A 0 Jr1-
0. - .,41C. IA 1641 099 4j

4-' ill ' 0 fa fa Ua 0.- LA)- t IA
611 a ) 4--- 0I C mt dr A

is I~ L c V
4. LA I 6W

.4-4-)

C CIAIA
49- .C: A.0Q -

V1 40 m1 u v 49to0 C.--

kvL. v .

01 OC

4- i C. .0 W1L
4- r- 0 a-C9i4 ~ C6
61 4) 4-36 *-4J- A=

-L 0. IAs 0 f. 0w

C1 CA0
I. ¶.-V r MV4 C. 0 c-) U

44U-' 06 F4- S10- A 0 '-
EU C *A u'4 4A1- .. 93 .

I..'9- 06.-L . Or. 0) U

C3 f. 414 m41 U v.- o030

4J

C:

0 -S. W L..

c~ 0C = 0 fa6 4

3-26



AMCP 706-118

4 J~~ 4.hJ

1.~ 00

V4nin E 4.f-4 0
Z.- 0 c" c1

#A3 a 1 4# 0 S

1 0 1.

,.~ ~ ~ ~ 2 53s '6:

#A ~ L MS C 0 -4' 'C ".: .
13A I =.a U - 9A CLn

+P in vS 's.h S.0 0. .. " S1 S
4A . k ~ c 01 V1

&..s 0 p4 .-
44 -8 ,_ I I ,w A

usu

0. w 1 . c

A. .ýi 0 Scm '

A.~1 v ~ X:.S4 0~

-N - 14

Vp 4-I .U11I. 14 0 . % ;
4-1 E- V 1 4'

Uu v

43 01 01 2
- 8I

4.u I-. 1- 1.

.. 0 J2I wI .0 u
'cI' 4J o -3£1

4,C A4.0 cm~U 1 .0

'Inn

42 Q 1.. 00 C

9- u P- 1zA

SI 0Q

Sn 11

-3,2



AMCP 706-118

other as well as with other factors that may (7) Iligh temperutur, and ozone. Starting
be present. As a result, when the effects of at about 300'F, ozone concentr-4tions de-
environment on materiel are to be con- crease with increasing temperatures. Above
sidered, the manner in which each environ- about 520'F, ozone can.;ot exist at pres-
mental factor alters the effects of the others sures normally encountered. For normal
must 1he tak('n into account. One of the climatic tempeiatures, reduction of ozone is
easier ways to analyze combinations of' thus unaffected. High temperature increases
environmental factors is to examine environ- chemical reaction rates, thus increrýsing
mental pair-. Some combinations of natural reaction rates of ozone tip to 300°F.
env!ronmental factors and tI'e manner in
which each combination may Intensify, (8) Low temperature and shock and
neutralize, or add nothing to the effects of vibration. Low temperature tends to inten-
the individual factors are listed as follows sify the effects of shock and vibration,
(Refs. 2,7): However, it is a significant consideration

only at very low temperatures.

(1) tigh temperaturen ad humMity. High (9) Low temperature and acceleration,
temperature tends to increase the rate of This combination produces the same effect
moisture penetiation. The general deteriora- as low temperature and shock and vibration.
lion effects of humidity are increased by
high temperatures. (10) Low temperature and explosive

atmosphere. Temperature has very little
(2) Righ temperature and low pressure. effect on the ignition of an explosive

These environmental factors produce effects atmosphere, It does, however, affect the
that are dependent on each factor. For air-vapor ratio, which is an important
example, as pressure decreases, outgassing of consideration.
constituents of materials increases, und, us
temperature inc-eases, the rate of outgassing (11) Low temperature and humidity.
h creases. As a result both factors together Humidity decreases with temperature, but
tend to Intensify the rate at' outgassing. low temperature induces moisture condensa-

tion, and, it the temperature is low enough,
(3) High temperature and solar rudiauion, frost or ice occurs.

This is a natural combination that causes
increasing effects on organic materials. (12) Low temperature and low pressure.

This combination can accelerate leakage
(4) lligh temperatutre and salt .Vray. High through seals.

temperature tends to increase the rate ofcorrosion caused ysatspray. (13) IA)w temnpera ture antd salt slpray.
by sah sLow temperature reduces the corrosion rate

(5) fligh temperature wid ffingi. A tem- of salt spray.
perature of 70'F is necessary for most fungi (14) Low temperature and solar radiation.
to flourish. but above 160'F they cannot Low temperature will tend to reduce the
develop. As a result of this temperature ffects of solar radiation and vice versa t
dependence, unless a proper range of e
temperature is present, fungi do not grow, (IS) Low temperature and sand and dust.

Low tempe ature increases dust penetration.(6) hilgh temperature auld santd antd dust.

The erosion rate of windblown s;nd and (16) Low temperature and fioigl. Low
dust may be accelerated by high temper,,- temperature reduces fungous growth. At
lure. However. high temperatures reduce subzero temperatures, fungi wihl remain in
iand and dust penetratio,. suspended animation.
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(17) Low teonperatures and o woie. Ozone (27) Low pressure and wlt spray. This
Seffects are reduced at lower temperatures, combination is not expected to oc.cur.

/. but ozone concentration increases with

S lower temperatures. (28) Low pressure and Jhngi. This corm-l" bination adds nothing to the overall effects.

(18) Ifigh humidity and low pressure.
Humidity increases the effects of low (29) Low pressure and sand and dust.
pressure, particularly in relation to electronic This combination can occur only in extreme
or electrical equipment. However, the actual storms, dutriqg which small dust particles are
effectiveness of this combination is deter- carried to high altitudes,

mined largely by the temperature of the
environment. (30) Low pressure and vibration, This

F corombination intensifies effects in all equip-
(19) High humidity and salt spray. High ment categories, but mostly with electronic

humidity may dilute the salt concentrution, and electrical equipment.
but it has no other bearing on the corrosive
action of the salt. (31) Low pressure and shock or avvelera-

lion. Thece combinations become important
(20) High hunidity and fioTgi, High only at the' extreme environmental lcvels, in

humidity helps the gowth of fungi. combination with high temperature.

(21) High hunaidity and sand and dust. (32) Low pressure and explosive atino-

Sand and dust have a natural affinity for sphere. At low pressures, an electrical
water, so this combination increases deterio- discharge is easier to develop, but the
ration, but the incidence of windblown sand explosive atmosphere is harder to ignite,
and dust is low at high humidity.

(33) Sult sprayj and hingi. This is con.
(22) High humidity and solar radiation. sidered an incompatible combination,

Humidity intensifies the deteriorating effects
of solar radiation on organic materials, (34) Salt spray and sand and duist. This

will have thle same ccmbined effect as
(23) Hfigh huntidiuty and ozone, Ozone humidity and sand and dust,

reacts with moisture to form hydrogen
perexide, which has a greater deteriorating (35) Salt spray and i'ibration, This will
effect on plastics and elastomers than the have the same combined 'ftect as humidity
additive effects of moisture and ozone alone, and vibration.

(24) Hi1gh humidity and vibration. This (36) Salt spray and shock or aceeleraton.
combination tends to increase the rate of Those combinations will produce no added
breakdown of electrical materiel, effects,

(25) High humidity and shokA anid accel- (37) Salt spray and explosive atmosphere.
eralion. The periods o(" shock and accelera- This is considered an incompatible combina-
tion arc considered too short for these tion.
environments to be affected by humidity.

(38) Salt sprayI and o:ont,. These enviyon-
(26) Iiigh humidity and explosive almo- ments have the same combined effect a,

sphere. Humidity has no effect on the humidity and ozone.
ignition of an explosive atmosphere, but a
high humidity will reduce the pressure of an (39) Solar radiation and vibration. Under
explosion, vibration conditions, solar radiation deterio-
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rates plastics, elastomers, oils, etc., at a (43) Solar radiation and fungi. Because of
higher rate. the~ heat from solar radiation, this combina-

tion probably produces the same combined
(40) Solar radiation and shock or accel- effect as high temperature and fungi.

eration. These combinations produce no However. the ultraviolet in unfiltered radia-
added effects. tion is an effective fungicide,

(41) Solar radiation and txplosive atmo- (44 Solar radiation and ozone, This
sphere. This combination probably produces combination increases the rate of oxidation
no added effects.ofmtras

(42) Solar radiation and low pressure. This
combination adds nothing to the overall ef- (45) Eungi and ozone, Fungi are de-
fects. stroyed by ozone,

TABLE 3.13,
COMBINATION& OF ENVIRONMENTAL FACTORS (Ref. 8)

1 OCOPMIn4 to nt iufy hl I 1 deterioration

S ntordaepndeW Ionae.nvironment dependent on other)
4 Coexist with o igniffcant coinbind affect
5 Weakened effelcto lone environment weakent the effects1~ r~I Unknown (umIkelY combi*nation or indetorninibl.

11 In a a 44Q (Bloiuki Combina Ion not considered (independient

at n. olr 4 1 6 1. 141 7thaet intensification through ca rofliltionh 4%

ra~~ ty o.11114

[onrloc AndS Io e tl i f(let 11 p61 atnm1 her
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(46) Sand and dust and vibration. Vibra- factors can have a very significant effect on
tion may increase the wearing effects of mobility.
sand and dust.

Because of their interlocking nature,

(47) Shock and vibration. This combina- extreme values of some factors (e.g., humidi-

lion produces no added 1'fects, ty and rain; pressure gradient and wind,
wind and blowing dust, sand, or snow; solar
radiation and temperature) are likely to

(48) Vibration and ac'eleration, This occur simultaneously (Ref. 8). Conversely, in
combination produces increased effects when most combinations, the extreme% of one
accompanied by high temperatures and low factor do not occur together with the
pressures in the extreme environment ranges. extremes of another. Table 3-13 summarizes

the qualitative relationships between pairs of
environmental factors.

Terrain Is a very important factor in the
surfuce transportation of materiel since it The illustrations given in these paragraphs
affects mobility, Difficult terrain, when jre not intended to be complete in scope
combined with certain climatic factors (such but are Included to remind the reader of the
as high wind, heavy snow, ice, blowing sand complexity of the operational environment
and dust, rain, and/or fog), effectively can and to promote the use of caution in
reduce mobility to zero. Thus, the inter- arriving at environmental decisions bused on
action or combination of particular types of' the consideration of Individual environ-
terrain in concert with various climatic mental factors separately,
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Chapte 4

OPERATIONAL ENVIRONMENT

4-1 INTRODUCTION Although insufficient data are available to

quantify the importance of environmental
The operational environment of the Army effects in the operational environment, it is

potentially encompases all regions of the amply demonstrated by Army experience
earth (except for Antarctica which is that:
excluded by international treaty). To de-

scribe this environment in terms of climate (I) A large percentage of' operational
or eography would not be accurate since failures are caused by environmental ef-
major determinants of the environment are fects-more than result from direct military
the unique operational and materiel require- action by an enemy; and
menta of a military activity, In fact,
descriptions of climate and geography are (2) Materiel impairment wherein capabili.
available in other chapters of this handbook ties are decreased in effectiveness constitutes
and in other handbooks in the Environ- a second large category of environmental
mental Series. Lhe operational environment effects-these effects are countered by in-
is described in many documents-ldstories of creased resupply and maintenance or by
war, Army analyses of past operations, and accepting lower levels of capability.
detailed descriptions of performance of
specific materiel types. In this chapter, the
approach is to describe the operational The history of warfare Is replete with
environment in terms of such experience- examples of military catastroq)hes caused by
gained both in actual military operations and the environment, Usually, these were a
in field test exercises--wherein the complex direct result of materiel and personnel not
environment is created by Interactions of properly prepaired to figlht under the en-
personnel, materiel, climate, terrain, and vironmental conditions encountered. Russia's
operations. This description is not coherent victory over the German Army in World War
since the operational environment is always 11 is credited to the German Army's lack of
changing-personnel are better trained; each mobility in the Russian winter. The same
new generation of materiel Is different; the winter environment played a major role in
location of operations changes; and opera- th', defeat of Napoleon on the Russian
tions are greatly modified. Each individual front. One example of the difficulty experi-
experience pined on the operational en- enced by Germany in coping with the severe
vironment contributes to an improved capa- environment of the Russian winter involved
bility in futiwe operat'ons, if that experience their JU-87B dive bombers. In the extreme
is used. This chapter, 'which ý'escriLes the cold of the Russiain winter, the engines of
operational environment, is directed t, ward these bombers could not be started, causing
increased use of such experience by dtsign loss of air support. The German designers
engineers, provided an engine heater to solve these

problems, but often the heater itself could
Environmental effects on materiel are not be started in the cold of the Russian

extremely important in Army operations. winter (Ref. I).
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The military operations involving the long-distance, high frequency radio links
United States (in Southeast Asia) have between Saigon and Washington were
provided other examples of operational hampered by severe sunspot activity (Ref.
problems resulting from the environment. 2).
Some typical examples are:

This list of environmental influences could
(1) When modern, large electronic equip- be continued indefinitely, vatyin&k in signifi-

ment was installed near Saigon, the weight cance from almost trivial effects to major
of the equipment caused the floor of a new losses of materiel. In spite of these countless
building housing the equipment to sink into examples, the environment affects military
the marshy earth (Ref. 2). operations in only two basic ways.

(2) In the central highlands of Vietnam, First, the environment produces direct
man-packed, short-range voice radios were and immediate effects on the success of an
Ineffective because the dense jungle under- operation or the ability of a military force
growth absorbed the transmitted energy to carry out an operation. Most military
(Ref. 2). operations are relatively large-scale affairs

involving large numbers of men and materiel.
(3) Two ammunition companies and one Therefore, in order to have any significant

quartermaster field depot company were effect on an operation, the environment
deployed in Vietnam with a large number of must simultaneously (i.e., in a relatively
commercial forklifts, The terrain and climate short span of time with respect to duration
were such that the forklifts were inoperable of the operation) affect a significant portion
for approximately one-half of each year of a particular type of materiel, In addition,
(Ref. 3). that materiel type must be vital to the

success of the operation. This class of effects
(4) Nonperishable canned subsistence is labeled "impairment of operation execu-

items shipped to Japan in the early stages of tion" in this chapter,
the Vietnam buildup were stored in the
open in commercial cardboard boxes. The Second, exposure to the environment over
cartons soon disintegrated and the cans a long period of time can affect military
rusted, causing the food to be wasted (Ref. materiel, Such effects are generally of little
3). significance within the time scale of any

given operation. They are important, how-
(5) Vehicle-mounted electronic communi- ever, in that they affect the operational

cations equiptnent in Vietnam was parked at readiness of materiel. Materiel that has
communication sites and Interconnected to severely deteriorated, either in the logistic
power and signal cables for extended periods phase or as a result of inaction or storage
of time. The brakes and drive trains of the after having been delivered to operational
vehicles frequently rusted and became units, cannot be mobilized for the execution
frozen. or support of an operation, If I or 2 percent

of the materiel of a given type fails as a
(6) During the dry season In Vietnam, result of the action of long-term (long-act-

sand and dust caused major problems by ing) environmental factors during a given
clogging ventilating ducts, causing wear on operation, it is of little concern to the
rotating parts, and producing erratic mal- operations commander since such failures
functions of switches and relay contacts, would have an inconsequential effect on the

outcome of the operation, The processes of
(7) A more unusual environmental effect deterioration.-particularly chemical pro-

occurred during the Gulf of ronkin incident cesses -generally must take place over too
in August 1964. During this time, the long a time scale to be of significance within
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the context of a given operation. Yet, the great majority of this literature empha-
environmental factors that cause materiel sizes the importance of the rapid, direct-act-
deterioration are not absent in the opera- ing factors that produce failure and impair-
tional environment. In fact, not only is the ment of materiel. Inability of men and
range of deteriorative environmental factors materiel to function normally without
wider in the operational environment than in special preparation is characteristic of the
the relatively better regulated logistic en- arctic regions.
vironment, but the severity of the factors is
also generally greater. They do not, however, Deterioration of materiel in the arctic
assume primary importance (contribute to environment is less of a problem. The low
mission success or failure) because a given temperatures retard spoilage and other forms
operation usually is completed before the of deterioration and inhibit the growth of
relatively slow-acting deteriorative processes micro-organisms (microbes), and very little
can disable the materiel. Both categories free moisture is available to foster deteriora-
have significance in the operational environ- tive processes. 'he literature reflects this
ment, but, once an operation has begun, the relatively minor impact of the long-term
first considerations overshadow normal de- deteriorative processcs on materiel in the
teriorative processes. The class of effects arctic environment,
that are slow-acting aond deteriorative in
nature are labeled "Impairment of operation- On the other hand, the exact opposite is
al readiness" In this chapter, true with respect to the tropical environ-

ment. Again, a large body of literature
These two ways of vlewhig the operation- concerns the effects of the tropical environ.

al effects of environment result in two ment on personnel and materiel. Problems
almost distinct sets of environmental factors, associated with terrain and the rapid,
From the standpoint of mission execution direct-acting climatic factors in the tropical
(after operations have begun), only two environment are treated; however, discussion
major sets of environmental factors have real of the effects of deteriorative processes on
significance-the terrain factors and the materiel comprises a significant and major
rapid, direct-acting (damage or inhibition portion of the literature. This is hue, of
produced by the factor directly and immedi- course, because deteriorative processes
ately, without long-term deterioration) cli- caused by environmental factors are of
matic factors. From the standpoint of significantly greater variety and Impact in
operational readiness, however, the environ- the tropical environment than in any of the
mental factors that are generally more other environments, The discussion in this
significant are the slow-acting, long-term chapter will reflect this characteristic of the
deteriorative chemical and physical pro- literature; i.e., in the discussion of the
ceases, impairment of operation execution, emphasis

is placed on the cold environments, while, in
Because of this duality in environmental the discussion of the operational readiness of

effects, the important set of environmental materiel as affected by deteriorative pro-
factors depends on whether the concern is ceases, emphasis is placed on the tropical
with operational readiness or with operation environment.
execution. This dichotomy is illustrated
interestingly in the literature by the relative In life cycle environments, a gray area
emphasis on one or the other of these exists (at least from the environmental
considerations in discussion of extreme standpoint) in the portion of the life cycle
climatic environments, An extremely large that occurs after materiel has been delivered
body of literature concerns the environ- to the using unit and before the materiel is
mental effects of the arctic and subarctic actually placed in use. Materiel in this
environments. By any means of comparison, portion of the life cycle is no longer, in the
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strictest sense, part of the logistic cycle, yet 4-2 IMPAIRMENT OF OPERATION EXE-
it has not yet been placed in use. Generally, CUTION-TEMPERATE CLIMATE
it is a temporary storage situation involving
various types of handling, In most cases the This and the next three paragraphs
storsge Is not as protective nor is the contain descriptions of those environmental
handling as well regulated as in the reason- effects in the operational environment which
ably well-controlled logistic cycle, Further, detract from the ability of a unit to carry
protective packaging may or may not be out a mission. Most of these effects remain
removed from the materiel, part of the operational environment despite

a maximum engineering effort. As long as an
army must move cioss-country, then rain,

Most of the time that materiel is ei the mud, and rivers will inhibit mobility. The
handt of the operational unit (final user) is engineer's efforts may lessen such effects butspent In this special handling or storage not eliminate them.

environment, which Is deflned here as

operational storage. Because the environment The strong correlation of climate with
during "operational storage" is, in many effects in the operational environment as
cases, as poorly controlled and as severe as well as the nature of the operations from
the "operational environment", it is con- w e x e as be e deriv ms it

sidered to be part of the operational which experience to as been derived makes it

vironmentconvenient to subdivide the discussion of
environmental effects that impair operation
execution into those occurring in temperate,

In this chapter the effects of the cold-wet, arctic, desert, and tropical cli-
operational environment on materiel are mates. This paragraph applies to the temper-
discussed. Primary emphasis is on the effects ate climate.
of climatic factors and terrain in the three
extreme environments (cold, tropical, and The operations of the Army in the
desert). Par. 4-2 discusses a number of Mediterranean and European theaters during
examples of the impairment of operation World War II and in Korea typify operations
execution caused by environmental Influ- in temperate zones. A comprehensive study
ences. A summary of a large-scale study of of 9.203 incidents of environmental effects
9,203 incidents of operation impairment on military operations in those theaters
resulting from environmental effects during provides much insight into the nature and
World War 11 in the European theater of relative importance of such effects (Ref, 4).
operations is given. The types of impacts, These incidents were associated with 82
the geographic correlations of various en- environmental factors, of which only 22
vironmental influences, the seasonal effects, included more than 100 intcidents, These 22
and the relationships between the various factors. however, comprised 83 percent of
types of military operations and environ- the total number of incidents, Of the' 82
mental factors are discussed. Pars, 4-3, 4-4, factors, 20 are related to the atmosphere
and 4-5 present examples of impairment of and, among the most important factors, II
operation execution for the three extreme are associated with the atmosphere, These
olin atic regions, Par. 4-2.1 discuuses those II natural climatic factors represent almost
.environmental factors that produce impair- one-half (47.5 percent) of the total number
ment of operational readiness of matiriel, of incidents. The second most significant
Again, examples from the literature on the cutegory of factors is that related to terrain
effects of the three extreme climatic types (33.2 percent of the incidents), and the
are given. Attention is also directed in par. third, to water features (12.3 percent of the
4-2.5 to the temperate or intermediate incidents).. From these data, natural climatic
climate and its effects on operation execu- factors (prim.dily variations in visibility
tion and operational readiness, conditions) and terrain (land and water

4-4



features) are most important in the opera- stream channels, beach gradients, and moun-
tional environment. tain passes; (iii) obstacled surfaces, including

forests, underbrush, landslides, orchards,
* Thirty-nine factors wyere reported fewer cultivated crops, boulder surfaces, urban

than 20 times. Among these were some patterns, and avalanches; and (iv) other
factor3 that might have been expected to obstructions and combinations, including

* have greater incidence--such as insects, narrow rivers, artificial water courses, wide
microbes, and human disease. Table 4-1 lists rivers, steep slopes with forest, steep slopes
the various environmental factors and the with snow and ice cover, steep slopes with
number of incidents with which they are mud, steep slopes in road systems, steep
associated. slopes with snow cover and forest, steep

slopes with underbrush, and steep slopes
4.2.1 ENVIRONMENTAL EFFECTS with angular rocks and/or gravel.

The 31 more important environmental (b) Water surface movement Is re-
factors and the effects they produced on stricted by currents, waves, tides, swells, and
military operations are listed in Table 4-2. off-shore features,
The entries in the table indicate the fraction
of time that the factor produced a given (c) Air movement iN affected by wind
environmental effect during the operation, and turbulence.
The total of all of the fractions for a given

Senvironmental element should equal 1.00 (2) Ob.servatlon. All elements affecting
but does not because of rounding-off error. observation can be included in the following

1Of the nine most important environmental classes:
effects shown in Table 4.2, three involve
effects on materiel, two involve effects on (a) Precipitation, inchlding rain, snow-
personnel, and four are combined effects. fall, precipitation/cond!cnsation phenomena,
Effects Involving movement and observation hail, and sleet
account for 75 percent of the cases of
environmental impact recorded in the table. (b) Condensation, including fog,
A wider variety of things affect movement clouds/overcast, and combined condeniation
than any of the other categories, phenomena

The general patterns revealed by these (c) Noncondensation atmospheric ob-
data are: structions, including blowing wand and dust,

haze, glare, and shadow

(I) Movement. All factors that produce
inhibition or prevention of movement can be (d) Vegetation, including underbrush,
categorized according to whether the move- forests, and orchards
ment they affect involves the land surface,
water surface, or air, (el Terrain obstacles such as hills

(a) Land surface movement is re- (3) MInor fiutors. In Table 4-2 only five
stricted by (i) low traction surfaces, which environmental factors--low temperature,
include mud, snow cover, ice, combined moonlight, barren land, high slopes, and low
snow and ice, swamps, and sand (other temperature/humidity, do not produce their
surfaces not included in the table, which mijor effects in the movement and observa-
occurred in a very small number of tion categories. They may be classified as
incidents, were frozen bodies of water, Follows:
cultivated fields, rice paddies, and beach
terisin); (ih) steep surfaces, including slopes. (a) Exposure. The major effect pro-
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TABLE 4-1.
DISTRIBUTION OF INCIDENTS AMONG ENVIRONMENTAL FACTORS (Ref. 41

Mod 19 Steep slopes/ sw cover/forest 21
Fog IsSte slopes/undierbrush toSteop slopes 5H1 Snow cover/forelt to
Rain ,01 Ice 20
Snow cover 480 Landslides 19
Precipitation ond condensation 442 Local water supply 19

phole 3 Angular rocks/gravel 16Have "393 Ti|des 16
Clouds and/or ovedast 337 Cultivated fields 1I
Floods 370 Glare 15
Snofall| 331 Salt spray 13
Currets, water 277 Orchards 11
Forest 218 Cultivated crops 10
Low temperature 196 Bach terrain 10
Road system 197 Turbulence 9
Ice 192 Insects 9
Wind 169 Steep slopes/angular rocks/gravel a
Waves/sawlls 168 Shelter 7
Water depth 123 Humidity 7Moonlight 121 Hail and sleet 7
Barren land 112 Magnetic or* deposits 7
Combined condensation phenommn 111 Boulder surface 7
Slowing tand/dust 104 Beach gradients 6

Caves 6
High slopes 97 Passes
Snow and ice 97 Micro-orgentms 5
Underbrush 90 Local materiel supply S
Steep slopes and forest 83 Urban patterns 5
Steep slopes/snow cover/Ice 80 Avalanches 4
S80p so Dry vegetation 4Marrow rivern 61 Field grasses 4
Steep slopes, and mud 52 Shadow 3
Low tamerature/raln/huaidity Be Diltease 3
High temperature 67 Potable water 3
Electrical disturbances 56 Rlce paddies 3
Sand 56 Aridity 2

Mirage 2Frozen ground SO Animals 2
Steep slopes/road systems 4C Railway system 2
Strom chlMaels 42 Local food supply 1
Artificial watercourses 42
Offshore features 36
Hard ground 35
Ice formation 24
Wild rivers 23

duced by moonlight and by barren land significantly concentrated in any one kind of
relate to exposure-over 90 percent of' the effect on either materiel or personnel,
Incidents involving these factors are classified
under exposure, The use of the word (c) Barrier. High slopes prevented
exposure in this particular instance refers to normal firing of artillery pieces and mortars,
lack of cover, making observation by the were barriers to the use of' small planes with
enemy possible, relatively low ceilings, und acted as barriers

to radio communications. The environmental
(b) Extreme temperature. Low tern- factors associated with effects on various

peratures produce two major effects: me- classes of materiel are given in Table 4-3.
chanical or nonmechanical malfunction, and
chilling. Incidents involving high temperature Because of the nature of the operations
were reported only 57 times and were not involved in these particular military theaters,
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TABLE 4-2.
ENVIRONMENTAL FACTORS INVOLVED IN OPERATIONAL INCIDENTS (Ref. 4)

Effect

factor
.,t.,...

S--. -=

6 -- 29 2 3
Fro 73 is1 8
Stee slope& 74 4 16 1 1 2 1 2
hin 7 60 4 19 4 1 1 3
Snaw cover 67 3 24 -- 4 1 *

Precipitation a condensation 2 67 -- 30 1

Haae 7 I 1 Is 1 3
Cloads ovarcast . 6 -- 30 3 1
Floods 32 32 32 4
sno ttl 4 69 1 23 1 * 2
.Currints, wter 47 29 -- 20 3
Forest 25 46 3 2 -- 9 1 15i
Roa system 90 1 15 1 2 1 1 1 -
Low temperaturt 2 .. . .a 3 .. . 37

Ice s 1 10 1 7 3 1.
Uaves/seulls 31 29 -- 28 I1 .. .. ..
Wind 25 5 II 1 24 27 1 1 4
Water depth 32 1 35 -- 22 5 1 -- 5
Moonlight 1 1 . -- 1 9 .
Barr" I and 1 -- 2 1 1 3 92 .
Combined condensation -- 69 -- 26 -- 2 4

Blowing snd and dust 2 61 4 23 4 6 -- 1 --

High slopes 11 7 1 I 1 66 12 1 --

Snow•and ice 62 1 6 1 4 4 I ..
Underbrush 46 35 2 5 2 -- 10

Steep slopes and forest 71 15 2 . . S -- 4
steep slopes/snow cover/Ice 92 -- 6 I ... .. .-.
SWnI 73 1 23 -- I 1 .. .. ..
Narrow rivers 50 -- 47 -- 3 .. . . .

Low tamperaturu/raln/hijmidity 6 11 6 -- 3 .. .. .. 75
Sand 48 2 31 .,- 19 . .

*The numbers indicate the percent time that a factor produced a given environmentsl effect during the operation.

some of the categories bear explanation. For which explains the relationship to currents.
example, the category "ships and other The effect of high slopes on communication
water craft" refer more to rubber boats for equipment is to interfere with transmission
river crossing than to naval vessels and the of field radios. The effect of wind on
currents are largely river currents. Many of ammunition and explosives has to do largely
the prefabricated structures are bridges, with smoke screening.
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TABLE 4-3.
EFFECTS OF ENVIRONMENTAL FACTORS ON VARIOUS CIASSES OF MATERIAL (Rt. 4)

Class of materiael
(no. of incidents) Factors Incidents, %

Weapons (449) Mud ..................... 25- ~Fog ............. .. . . 14

Clouds/overcast .......... 6

Amunition and
Explosives (44) Wind ..................... 23

Low temperature.......... 16
Floods ................... 11
Rain ..................... 6

Aircraft (595) Clouds/overcast ......... 18
Rain/condensation

phenomena ............. 18
Rain ................. 14
Fog ........ 12

Ships and other
watercraft (217) Currents ................ 60

Floods .................. 6

Motor vehicles (2372) Mud ..................... 41
Snow cover .............. 11
Steep slopes ............ 8
Roadsystms............ 7

Prefabricated
structures (71) Floods .................. 65

Currents ................ 24

Communications
equipment (121) High slopes ............. 41

Floods .................. 8
Wind .................... 7

Electric wire, and
power and distribu-
tion equipment (31) Low temperatures ........ 29

Fl oods .................. 23
Snow cover .............. 10

Live animals (73) Steep slopes.... . 60
mud .......... 4 ...... 4 12
Rain .................... 5
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The class of materiel most often affected duce t'veral different kinds of effects,
was vehicles. Fifty-five percent of all materi- depending u•pon the nature of the military
el effects concern vehicles and movement, activity,
Some of the factors are relatively specialized
in their effect while others are not. For Tr,'le 4-4 indicates the effects of the
example, mud is almost entirely a movement "'arious environmental factors on personnel.
factor (95 percent of the reported incidents The most prevalent was observation inhibi-
involving mud also involve movement) and tion, accounting for approximately 54 prr-
ordy affects land surface movement. Muo. is cent of all effects on personnel,
very effective in limiting movement by itself
and is even more effective when combined 42.2 GEOGRAPHIC CORRELATIONII
with steep slopes. On the other hand, it does
not occur usually in combination with any The reported environmental incidents orig-
movement factor other than steep slopes, Snated in the following geographic locations:
Examples of vehicles in mud are shown in Morocco, Algeria, Tunisia, UbyiA, Egypt,
Figs. 4-1 and 4-2. Moonlitit and bare Italy, Yugoslavia, Hungary, Greece, southern
ground are also essentially single-effect France, northern France, Switzerland,
elements; i.e,, permitting exposure to enemy Austria, uouthern Germany, northern Euro-
observations. Such elements as wind, wave-n pean lowlands, northern Norway, and Korea,
and swells, and underbrush, however, pro. The' most •requently reported elements of

Figure 4- 1. Operation of Howitzer In Mud MROf. 5)

4.-9



AMIP 7"1 is

th~e envirverrient ini terms I' first, second or
; Misthird highest Vvrcentag., of' reports by

~ ~ nuinWý of Lountries are nrcsented in Table
4-3. nu.~ military Importance of mnud Is
obvious.

Various types of' military operations
ocourr-l In the different countries. The
factor most often reported in Morocco and
Algeria was waves and swells because a
landing operation was involved, while in
Tunisia aI mork! normal land campaign
occurred and mud was most important, In
Korea, fog and rain were reported more
frequently than was mud, indicating the
patrol action nature of' the operation, The
factor most often reported in Libya and
Egypt wa.i blowing sand and dust. Snow
covet was a significant element In Yujxo-
~iavia, tKungary. Austria. the northern Euro-
pean lowlands, and northern Noeway. Steep)
slopes were significant elements in Italy,
Greece. southorn Franve, and Austria.

Table 4-6 indicates the types of opera-
figtow 4.2. Tanker Travorslng Mud tions involving environmental incidents re-

f~e$~ 6/ported in the various koiintrics. Tho relative-
ly high percentages cotegorizing the bottomn
row of' the table- the nonweapons operation
"I1ransportution"-dclarly Indicate the mo-

TABLE 4-4.
EFFECTS OF ENVIRONMENTAL FACTORS ON PERSONNEL MRO. 4)

Factor Number of Incidents, %
incidents

Fog 689 16

Ra in 352 8
PrecIpItation/condensation 318 7

phenomena
Haze 314 7
Steep slopes 307 7
Clouds/overcast 255 6
Snowfall 243 6
Snow cover 169 4
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TABLE 4-5.
RELATIVE IMPORTANCE OF ENVIRONMENTAL FACTLR$ (Rdf. 4)

Environmental Number of countries in which a factor

factor had the rating shown

First Second Third

Mud 8 2 2
Fog 2 2 2
Waves and swells 2 0 1
Snowcover 1 2 1

Blowing sand and dust 2 1 0
Rain 0 2 1
Snowfall 0 1 3

bile character of military activities, While whereas, in the other areas, condensation or
wenpon operations more often are intlu- precipitation are far more important.
enced by environment than are nonweapon
operations, transportation is overwhelmingly 4-2,3 SEASONAL INFLUENCES
the nonweapon operation most subject to
environmental impact. It was important in In much of the world, climatic factors
every location, change significantly during various seasons of

the year. Those factors that produced
Table 4-7 lists factors associated with impacts on military operations occur most

environmentally related incidents as reported frequently in winter. The most important
in the various countries, Primary deterrents months are January, February, November,
to land movement were low traction surfaces December, and October in that order, with
and steep slopes, Low traction was a January incidents being most numerous. The
significant problem in Tunisia, Yugoslavia, data confirm that military operations, by
Hungary, Greece, Austria. the northern their nature, encounter a wider variety and
European lowlands, and northern Norway. greater intensity of envircnaicntal impact in
Steep slopes had relatively high impact in winter-a fact that has been cbserved !n
Libya, Italy, Greece, and Austria. The military operations throughout history.
importance of amphibious landings is re-
flected in the sea surface movement inci- Table 4-8 lists the factors involved in
dents in Muro•oo, Algeria, and the northern environmental incidents according to the
European lowlands (Normandy), month in which they were reported Certain

factors are clearly seasonal. Snow cover,
The factors-flood, currents, water depth, snowfill, ice, low temperatures, and combi-

and sand--that tend to inhibit movement nations of these are winter elements. In
and at the same time bring about malfunc- addition, condensation and precipitation
tion of materiel were especially typical of phenomena that affect visibility are more
Morocco, Libya, Egypt, southern France, frequent in winter months than in summer
and Korea. Blowhig sand and dust (listed as months. Rain, however, is distributed season-
other atmospheric fuictois) were recorded ally in no particular pattern in these areas.
frequently in Tunisia, Libya, and Egypt, Part of the explanation may lie in the fact
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that, while the major effect of rain is on 1:4) Sirtiw thie natti.e of environmental
observation, it also has widely distributed factors differs with geographic -ocation, the
effects of other types, Wind is also primarily impact o" a ghvei factor on a given
a winter phenomenon in the areas studied, operation is also a function of location.
Reporting of the effects of moonlight on
exposure is primarily a winter phenomenon, 42.4 CORRELATIONS WtTH TYPE OF
Since moonlight is hardly seasonal, the MILITARY OPERATION
distribution of environmental impacts or
effects in winter obviously must arise from The impact of environment on various
the exposure probil.m. It appears that the types of military operations has been
combination of snow cover and lack of evaluated (Ref, 7), based on the data
vegetative cover are winter characteristics discussed in the preceding paragraphs (Ref.
that enhance or emphasize exposure due to 4). Table 4-9 lits the 10 environmental
moonlight. Summer phenomena are under. factors that had the highest impact on
brush and blowing sand and dust, Mud is operations. From this table. the very close
primarily a winter phenomenon. Floods are correspondence of an operation with a

* primarily early winter and late winter particular factor is evident. Five of the
elements, as is water depth, Currents. appear factors were associated with a particular
to be most nignificant in spring, Most of the operation from 60 to 75 percent of the
currents reported are river currents, and time: current (small arms), clouds and/or

* spring is the period of maximum river flow, overcast (aircraft), floods (transportation),
Factors of the environment that show no precipitation/condensatlon phenomena (air-
marked seasonal variation in frequency of craft), Rain has the most widely dispersed
occurrence are steep slopes, rain, forest, road effects with respect to operations., perhaps
systems. barren land. high %lopes, steep because the report "rain" usuwlly Implies
slopes/forest, and narrow rivers, Figs, 4-3 some associated phenomena, The 10 highest
and 4-4 show the environmental effects on impact factors are associated with all of the
materiel and personnel, respectively, for each weapon operations but with only two of the
month. nonweapon operations.

The following conclusions are drawn from The data in Table 4-9 refer to those
ihese data: incidents in which the operation was pre-

vented. On occasions, however, environ-
(I) The most important effects of en- mental elements can delay or obstruct an

vironnient on the execution of military operation without actually preventing the
operations are those that inhibit or prevent operation from occurring. When the opera-
movement and observation, and the most tion was reported to have been delayed or
important single factors of environment with obstructed, the operations in Table 4-10
respect to these effects are mud and fog. were those affected. When operations are

delayed or obstructed. the olement-operation
(2) The mrjor differences between two relationship appears to be more diffuse. Two

different locations are not so much the elements that maintain an extremely high
overall effects they produce on the average correlation are waves or swells aad mniphtbi.
military operation as they are the different ous operations, It can also be ween from
effecis elicited by different kinds of opera- Table 4-10 that a slightly higher perce:ttagc
lions and the. varletics of' factors that of nonweapon operations are. •4fected, This
paoduce these effects. Is truo because the nonweapon operationm

are rnmce likely to be deliivd than pre-
(3) In general, winter has a greater impact vented. In general. howevw, the association

than summner the rainy season has a greater of high lhpac• elemnent% ;wrd the operations
impact than the dry season. they affect do not differ grctly from those
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TABLE 44.
AUMOCIATION OF ENVIRONMENTAL FACTORS THAT PREVENT EXECUTION WITH TYPES OF

OPERATION tRe. 7)

Factor Operation Incidents,

Currents, water Small arms 60
Transportation 18
Engiwering 10

Clouds and/or A ircraft 70
overcast Heavy weapons 13

Comp ex* 13

Preci ptation/ Al rcraft 75
condensation Heavy weapons 13

Complex* 9

Snow Aircraft 55
Hamv weapons 15
Sm1 arm 12

Floods Transportation 4
Small arm 31
Engineering 16

Combined conden- Alircraft 63
sation phenwrima Heavy weapons 22

Waves or swells Amphibious 46
Transportation 41

Rain Aircraft 51
Heavy weapons 16
CMplex* 14
Small armS 9

Narr. ,' ivers Small arms 48
Armored 34

Water depth Small arms 53

*A complex operation is a land operation utilizing a combination of
small arms (infantry), heavy weapons (artillery), and armor working
in conjunction.
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) TABLE 4-10.
ASSOCIATION OF ENVIIRONMENTAL rACTORS THAT IMPAIR EXECUTION WITH TYPES OF

OPERATION (RIf. 7

Factor Operation Incidents, %

.urronts Small arms 36
Amphibious 29
Transportation 18

Clouds &nd/or
overcast Aircraft 61

Heavy weapons 18
Complex* 14

Precipitation/
condensation Heavy weapons 37

Aircraft 35
Complex* 15

Snow Heavy weapons 49
Small arms 19

Floods Transportation 36
Small arms 22
Complix* 11

t Combined coien-
sa tion pheiiowna Heavy weapons 46

Aircraft 34

Waves or $wells Amphibious 71
Transportation 16

Rain Heavy weapons 30
Aircraft 25
Small arms 19
Complex 13

Narr•w rivers Small arms 41

Water depth Complex* 26
Small arms 21

*A complex operation is a land operation utilizing a comkinatirn of small
arms (infantry), heavy weapons (artillery), and armor working in
conjunction.
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in Table 4-9. In particular, the following affecting materiel and one affectir.g person-
elements are still primarily associated with a nel-had a greater frequency of occurrence
single operation: currents, clouds and/or for nonweapon than for weapon operations.
overcast, floods, and waves or swells.

An important effect on materiel in
It is concluded thate weapon operations is function inhibition

resulting from environmental effects on
(I) Some environmental factors produce operating personnel. This effect shows up

more widespread and severe impacts on mainly as a subsidiary effect of observation
military operations than others. interference--a situation in which the materi-

el is limited functionally because of the
(2) Sonic types of military operations are inability of the operating personnel to see.

highly susceptible to environmental impacts This effect is almost nonexistent in the
(eg., an aircraft operation is the most nonweapon operations.
susceptible operation with the highest
amount of environmental impact, whereas The effects "mechanical malfunction" and
medical operations are the least susceptible "function limitation due to external environ-
to environment), mental influences" are relatively important

to the nonweapon operations, accounting for
(3) Some environmental factors are asso- about 23 percent of the total, whereas in

ciated primarily with one type of operation, weapon operations they account for only 13
percent of the total.

(4) Weapon operations are affected more
adversely by the environment than non- In weapon operations, observation inter-
weapon operations, ference produced the single largest effect on

personnel-.51 percent of the total, Move-
An additional study based on these data ment limitation was the next most Impor-

was undertaken to desribe environmental tant with about one-half as many cases, The
effects on specific military operations (Ref, same two effects are also the most signifi-
8). The weapon operations analyzed in- cant ones for the nonweapon operation, but
cluded aircraft, armor, small arms. and heavy in reverse order.
weapons complex: combined arms and -am-
phibious operations, while the nonweapon The effect of environmental factors on
operations analyzed included engineering, operations can be classified in a number of
medical, signal, ordnance. and transporta- ways. One is based on whether the environ-
lion, Seventy-three percent of all incidents mental effects are on personnel or on
were associated with weapon operations as weapons. Aircraft, heavy weapons, and small
opposed to nonweapon operations. However, arms operations are characterized by a
transportation-a nonweapon operation--was dominance of environmental effects on
reported to be affected more often than any personnel. On the other hand. armor,
other type of operation. For weapon amphibious, engineer, ordnance, signal, and
operations, reports of effects on personnel transportation operations involve environ-
outnumbered reports of effects on materiel, mental effects on materiel in greater than 75
while the reverse was true for nonweapon percent of the cases. Two operations, the
operations. combined arms and the medical operation,

cannot be characterized as either personnel
The dominant effect on personnel for all or materiel since the distribution of impact

operations was observation interfercnce. The is about equal for both,
dominant effect on materiel was movement
restraint. Table 4-11 lists the environmental There is a further correlation between
effects on materiel, Only four effects--three operations and certain specific effccts, i.e.,
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TABLE 4-11.
DISTRIBUTION OF ENVIRONMENTAL EFFECTS BETWEEN WEAPON AND NONWEAPON

OPERATIONS (Rwf. 8)

Reported incidents involving

Effects each effect, %

Weapons Nonweapons

On materiel

Movement prevention 56 44
Movment restraint 50 50

Methan3cal/nonmechanicel 45 55
malfunction

Function inhibition: external 40 60
environmental influences

Function inhibition: effects 95 5
on operating personnel

Accelerated wear 24 76

Exposure 80 20

Exposure prevention 76 24

On Lc-sonne,,

Noninfectious disease 44 56

Fatigue 54 46

Chilling 75 25
Movement prevention 89 11

Movement restraint 81 19
Observation Interference 95 6

Observation improvement 8o 20

Exposure 95 5

Exposure prevention 95 5

most operations can be characterized by prevention or limitation), uircraft (observa-
dominant effects. Some operations are sus- tion interference), heavy weapons (obstrva-
"v'qtiblv to great impact from a single effect tion interference). Certain operations are
while others are impacted by several signift- subject to more than one dominant effect
cant environmental effects. The following from the environment. '1mese multiple-effect
operations are predominantly subject to one operations are small arms, complex, amphibi.
kind of effect: armor (movement prevention ous. ordntance, engineer, and signal, General-
or limitation), transportation (movement ly, weapon operations are characterized
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more by one dominant effect than non- oversized tires affect the mobility of vehi-
weapon operations. In addition, effects on des. Vehicles thus equipped were superior to
movement and observation usually have a vehicles using standard tires. It was also
greater impact on weapon operations. Non- clearly demonstrated that, In vehicles not
weapon operations have a relatively greater designed for such modification, the strain on
proportion of their effects in the nature of certain components such as clutch assemblies
mechanical malfunction and function limita- and driving axles may be increased suffi-
tion due to external environmental influ- ciently to cause failure.
ences.

The capability of a vehicle to cross
4-2.5 OPERATIONS IN TEMPERATE CLI- difficult ditches and descend steep slopes

MATE depends on the following characteristics:
high horsepow.r-to-weight ratio, aggressive

Although the temperate climate receives tires, positive all-wheel drive, an adequate
little emphasis in Chap. 2, "Operational angle of approach and departure, and
Climates of the Army", many of the effects adequate brakint, Successful operations over
of environment on operations occur In that sand slopes and soft soils require low axle
climate because that is where most opera- loads. The superkirity of tracked vehicles to
tions occur. The important terrain factors- wheeled vehicles was demonstrated for

high relief, poor load-bearing soils, mud, operation over soft soils and difficult
forests, swamps, and streams--are found in terrains. For example, a 2-1/2-ton cargo
the temperate climates as are damaging truck equipped with oversized tires was
faciors such as sand and dust, snow, ice, and immobilized in a ý, amp area after making
extreme temperatures and humidities which only 12 passes, while a 5-1/2-ton tracked
are more often associated with extreme vehicle continued to operate after 50 passes,
climates. An example of snow is shown in Other examples of Immobilization include
Fig. 4-5. In temperate climates seasonal these. A 5-ton cargo truck was immobilized
snow cover is often greater than in arctic while crossing a 3-ft ditch as a result of
regions. However, most materiel is designed Inadequate angle of at..oach caused by a
to operate In these temperate conditions and front-mounted winch. -n a combat tank
personnel are better acclimated to them. was immobilized In a 2 sand ditch. In the

swampy test area, the 2 4/2-ton cargo truck
Examples of the mobility problemrs that was Immobilized before reaching the as-

can occur in temperate climates are given in signed test range. A 3/4-ton vehicle was
a comparison (Ref. 9) of operational mobili- disabled on the exit slope of a 5-ft ditch. A
ty of Army vehicles performed by the U S truck-tractor system was immobilized during
Army Transportation Board for the U S a 5-ft ditch-crossing test, Some articulated
Army Transportation Engineering Agency, vehicles have an inadequate angle of break,
Ft, Eustis, Va. (Ref. 9), Results clearly which results in high centering and immo-
indicate that operational mobility can be bilizes the vehicle when traversing small
compromised in temperate climates. Subitan- mounds.
tial problem areas were encountered in
off-road-movements through beach sand, 4-3 IMPAIRMENT OF OPERATION EXE-
tidal mud flats, and gumbo clays, Many of CUTION-COLD CLIMATES
the 36 vehicles were unable to traverse this
terrain. Throughout the evaluation, particu- Knowledge of the cold climate (cold and
lar emphasis was placed on ascertaining how extreme cold categories of AR 70-38, Ref.
the use of aggressive tread', low pressure, 10) is derived from number of field

training operations in such climates, from

$An agposalve tread is One with very h cleuts 't grousers the testing performed at the Arctic Test
isch a on iret used on Uonstruction quipment. Center, Ft. Greely, Alaska, and by the Cold
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Figure 4-5. Snow Accumulation Problems in the Temperate Climate
(Photograph by R. W. Gerdel)

Regions Research and Engineering, Laboru- experienices gained in a controlled test
tory, Hanove" , N.H. The cold climate% operation on Adak .la.nd, .. lska Addi"
"encompass a large portion of the Nortlrn tional information Is provided 'rom other
Hemisphere seasonally and the extrunie tests lin moore extreme conditions. In general.
northern regions continually. Thto cold-wet executloim of' operations is limited or fire-
climate. which seasonally appears lin large vented lin many cold] regions,
regions of' the north, is particularly notable
for its difficult environmiental (11'ects. 4-3.1 GENERAL EFFECTS ON OPERA-

TIONAL MATERIEL
In this pauragraph, general effects of' the

cold climnate on materiel are discussed ul'ter 'The problems associated with the operai-
which considerable attention is, jivell to the tion of' vehicles are much mrore mnumerous in
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the arctic regions than elsewhere, and are ment, vehicles, and aircraft. The funda-
associated with the difficult terrain and the mental environmental control requirement in
extreme low temperatures encountered. With arctic climates is heating. Indeed, if human
the exception of inhabited areas, vehicle beings are to survive in the Arctic for any
transportation is uncertain and hazardous length of' time, proper heat-generating equip.
because of the absence of roads. Travel from ment must be available.
base to base is over rugged terrain covered
with either snow and ice or tundra. Wheeled Wet and dry cell batteries, which are
vehicles are confined to roads, and low important in electrical power generating
pressure tracked vehicles such as shown in equipment and electrically operated materiel,
Fig. 4-6 are indispensable when travel is lose their output capacity at extreme low
required cross country. The danger of upset temperatures. Most of the difficulties of the
and crash into arctic ice provides an wet cell batteries are due to an increase in
additional environmental hazard for which internal resistance as the temperature de-
special provisions must be made. creases. Deterioration of cells at an accel-

crated rate is not a problem in the Arct:'c.

Moat problems with fuels and lubricants, Under extremely cold conditions (.-40'F and
cold starting of engines, and durability and below), wet and dry cell batteries used to
mobility of vehicles have been solved power electronic equipment become frozen,
although improvements are desirable. Some !Electricul characteristics of s 1rcuit compo-
difficulty is experienced with heating capaci- nents also change to such an extent that
ty of automotive and vehicular heaters as frequent readjustments are required. When
well as with batteries and rubber corn- temperatures fall below 0OF, equipment
pounds. Provided proper special purpose oils should be heated and a long warmup period
or greases are used, most problems In the should be provided. If possible, ground
area of fuels and lubricants arie as a result equipment should be operated in housing or
of contamination with moisture or fine shelters that are heated continuously to
particulate matter. insure maximurn reliability.

Moisture condensation on surfaces, which Table 4-12 presnts information on the
is encountered when cold equipment is effect of cold climates on various categories
moved into warm enclosed areas, can be a of ground-support equipment, In addition to
problem. Many arctic areas are subject to the difficulties induced by environment,
dense for in spring and full, impairing some indication of the remedies that can be
visibility and causing moisture problems. employed to owvrcome or circumvent the
Photographic equipment is particularly sus- problems are included.
ceptible to the arctic environment, The most
frequently encountered difficulties involve 4-3.2 OPERATION3 IN THE COLD-WET
stifflness of operation, frosting of lens CLIMATE
systems. and icing of mechanical parts, plus
operational difficulties, along with the stif- Task Force Williwaw (Ref, 12), a compos-
fening of film and the altering of processing ite force of ground troops, te~ted a wide
and developing procedures--all require variety of ground equipment in the cold-wet
special techniques and adequate mainte- climate and terrain of Adak Island, Alaska,
nance. It is aluo important that personnel be during winter conditions. Investigations were
specially trained in operation and repair made of vehicle mobility and personnel
under extreme low tempd-rature conditions. exposure problem,;. The cold-wet climatic

conditions encountered were (I) a tempera-
Shelters are very important for the ture range of 200 to 400F, (2) high

survival of personnel as well as for the humidity, rain. fog, and snow, (3) snow
proper and thorough maintenance of equip- remaining on the ground for short periods of
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TABLE 4-12.
DIFFICULTIES PRODUCED BY VHE ARCTIC AND SUBARCTIC ENVIRONMENT ON VARIOUS TYPES OF

GROUND SUPPORT EQUIPMENT (Ref. 13)

Materiel Environmental Effect Remedy

Electronic
equipment

Difficulties of arctic electronic Some improvement in arctic
General operation result from the extreme electronic operation can

low temperatures (to -60'F); the and is being accomplished
magnitude of the annual tempera- by reduction of unit
ture range (from -60n to +100 0F); weights, providing shock
the prevalence of high winds, the and vibration mountings,
nonexistence of good roads; the sealing units or compo-
ruggedness of the tundra terrain, nents against moisture,
the lack of efficient batteries, snow and dirt, increasing
heaters and insulationi and the battery oerfomance and
effect of the arctic environment heater efficiency, correct-
on the operators. ing insulation and pack-

aging difficulties, and
generally, by improving
the winterization methods
and materials,

The rugged terrain of the arctic Vibration damage has been
regions causes damage to elec- controlled by the use of
tronic equipment as the result cast resins, shock mount-
of vibration and shock. ing and good packaging.

Reduction of weights of
components by printed
circuits and miniaturiza-
tion of components reduces
the probability of shock
and vibration damage.

Moisture results in corrosion Hermetic sealing of com-
and change of dielectric con- ponents and units is the
stants due to "breathing" and best protection. Circu-
wind-blowti rain, snow, dust, lation of warm dry air,
and dirt. careful inspection and

maintenance and cleanli-
ness are protective
measures. Fibrous resin
bonded glass insulation
acts as a moisture
harrier.

Insulation of cables and other The use of arctic rubber
parts becomes brittle and or arctic polymer as
breaks or loses flexibility cable insulators provides
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TABLE 4-12 (Continued).
DIFFICULTIES PRODUCED BY THE ARCTIC AND SUBARCTIC ENVIRONMENT ON VARIOUS TYPES OF

GROUND SUPPORT EQUIPMENT (Ref, 13)

Materiel Environmental effect Remedy

at low temperatures. flexibility at low
temperatures. Heating
elervoents, winterization, and
the use of fibrous or
silicone glass with re-
sin bonders as insulating
materials for units are
aids to avoid extreme low
temperatures.

At low temperatures, both wet Independent heating units
and dry cell batteries lose to keep batteries at ade-
power and become useless-, e.g., quate operating tempera-
a temperature of -30 F produces tures, good insulation,
a 90% reduction in current capa- and winterization practices
city of lead-acid storaga keep units in operation.
batteries.

Hermetic seals of small
Inadequate closures allow rain, components prevent en-
snow, sand and dust to pass trance of foreign matter.
through seals and packing. Careful cleaning, mainte-
"Breathing" permits accumula- nance, and circulation of
tion of frost, causing variation clean, dry, warmed air are
in dielectric constants. preventive measures.

At low temperatures, cables lose Pinel arrangement can pro-
flexibility, plugs cannot be vide adequate space for
readily removed or reinserted the removable plugs. All
in crowdod panels, captive type screw heads should be cap,
screws cannot be removed, able of screwdriver use.
terminals are not watertight Terminals can be protected
and cordage loses its strength and made watertight.
and flexibility due to moisture
absorpti on.

Contingent
wiring and
connectors

Solder High tin solders having 60% tin Solder should not contain
joints content disintegrate at temper- more than 35% tin.

atures below -5S°F and connect-
ions made therewith fall apart.

Poles, It is impossible to erect poles The surface of the ground
ground rods, or drive ground rods or steel could be penetrated by
and stakes stakes into permafrost. The building fires and heating

provision of adequate groundc but when permafrost was
is i constant
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TABLE 4-12 (Continued).
DIFFICULTIES PRODUCE0) BY THE ARCTIC AND SUBARCTIC ENVIRONMENT ON VARIOUS TYPES OF

GROUND SUPPORT EQUIPMENT (Ref. 13)

Materi el Environmental effect Remedy

problem. reachedlt could not be
penetrated.

Wire Difficult to dig trenches in Overhead installation
snow and ice, and mechanical should be used whenever
damage is prevalent to wire possible.
laid on the surface.

Components

Transformers Pitch-filled transforsers and Prescribed winterization
coils crack due to excessive procedures should be
temperature changes. Subse- followed to eliminate
quent condensation in these this condition.
cracks causes electrical break-
down of the unt.,

Tubes Tube envelopes break loose from Winterization procedures
the base when tubes are placed such as keeping filament
in service without extended power on at all times must
warn-up periods, be followed rigidly.

Capacitors The effective capacity of elec-
trolytic capacitors is materi-
ally reduced when operated in an
ambient temperature of -200 C and
below.

Sensitive Formation of Ice or frost on the Great care should be
switches actuating mechanism renders the exercised in applying
and switches erratic or inoperative, switches under conditions
relays likely to produce an

accumulation of ice or
frost.

Quartz Crystals mAy fail o oscillate Should be kept as close
crystals at low temperatures because of as possible to normal

mechanical changes. operating temperatures.

Shelters

Problems are permafrost, insula.
tiorm, heating, and weight limita-
tion imposed by supply transport.
Designing and constructing
shelters with these principal
factors as parameters are the
problem.
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TAILF 4-12 1Continuad).
DIFFICULTIES PRODUCED BY THE ARCTIC AND SUSAtC'IC ENVIRONMENT ON VARIOUS TYPES OF

OROUND SUPPORT EQUIPMENT (RLf 13)

Material Envi.-ornmenttl effect Remedy

Butldin? Due to the bleak and bar"en Building materials used
motor &Is tevirrain north of the timbqr line, are those commonly used
and building materials necessary for in the temperate zone
construc- permmnent ard semipermanent shel- and modified in their
tion ters must be imported, manner of application.

Structures are primarily
prefabricated types that
can be transported by air
or tractor train, and
quickly and easily erected
In low temperatures:
'1) Quonset huts

Cowan huts
3) Pacific huts
4) Jamesway huts
5 Army standard theater

of operation huts
(6) Stout houses
7 Hangars
( Nose hangars
9) Wannlgans
10) Tents

The use of ice and snow
for structural purposes
has proved feasible, but
has not been used to any
great extent except in
cases of emergency.

The destructive effects of Surface and subsurface
freezing and thawing are attri- drainage under the build-
buted to the presence of sur- ings must be adequate in
face and ground water which all seasons for conveying
are the most important factors surface and ground water
influencing construction in away from the site.
permafrost regions. Moving Areas where surface and
ground water in constriuction ground water are critical
areas is particularly critical should be avoided as con-
since it conveys heat which struction sites.
is capable of thawing ground
and upsetting the thermal
regime. In addition, it may
undercut foundations by
carrying away soil suspension
and cause foundation settle-
ment due to the reduction of
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TABLE 4-12 41(;tMlul).
DIFFICULTIES PROOLCFD BY THE ARCTIC AND SUBARCTIC ENVIRONMENT ON VARIOUS TVPES OF

GROUND SUPPORT EQUIPMENT (Rof. 13)

Materiel Envirrnmental effect Remedy

bearinU capacity. Heaving of
foundation Is also possible.

Thawing of permafrost under foun- To prevent thawing of the
datlons causes settling and permafrost and to preserve
possibly damage to foundations the permafrost level,
and buildings, floors must be insulated

and ventilated air space
must be provided between
the floor and ground or
an adequate insulating
cover placed over theground.

The foundation should be
placed over or anchored
in the permafrost inaccordance with developedarctic techniques.

Snow drifts can impose severe Buildings should never be
lateral stresses on building built on breaches in hill-
structures, block ventilation, sides where they create
and disrupt communications, troughs into which trans-

verse winds can deposit
deep snowdrifts. In areas
subject to high winds, in-
adequate spacing between
shelters or locations too
close to steep natural
features also can cause
snowdrifts.

Heating The major heating problem is Radiant heating has been
air stratification found in found to be very effective.
heated shelters in subzero Where radiant heating in-
regions. Floor-to-ceiling stallations are exposed to
temperature differentials as possible damage from freez-
high as 60 deg F have been ob- ing, such as floor areas
served in shelters heated by adjacent to hangars, doors
space heaters. or other comparable condi-

tions, a suitable non-
freezing circulating
medium of proper specific
heat should be used.
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TABLE 4-12 iCentinued).
DIFFICULTIES PRODUCED BY THE ARCTIC AND SUBARCTIC ENVIRONMENT ON VARIOUS TYPES OF

GROUND SUPPORT EQUIPMENT (Re.o 131

Materiel Environmental effect Remedy

Partial solutions to the
problem are to use more
insulation, installation
of space heater as low as
possible, and use of fans
to increase desired cir-
culation,

Ventilation Moisture given off by personnel Personnel have a tendency
in unventilated shelters will to seal up shelters. The
condense on inside surfaces. temperature inside a shel-
Subsequent forming of frost may ter depends largely on
penetrate end destroy offective suitable insulation.
insulation. Adequate ventilation is

essential not only to over-
come the difficulty men-
tioned, but also to pro-
vide fresh air and to re-
move carbon monoxide gases,
if oresent,

The combined effects of strong Roofs must be capable of
winds and heavy snow and ice withstanding the combined
loads induce excessively high effects of strong winds and
stresses on roofs, heavy snoW and ice

loads,
Eaves should not bn used
in areas with extremely
high winds, as the roof
may be blown away as a
direct result of their
use. Hiqh-pitched roofs
are not too desirable,
since they are subject to
greater wind loads than
flat or low-pitched roofs.
They also waste more heat
and generally are more
expensive.

Doors Outward opening doors are often All tynes of doors except
blocked by snow and ice and those swinging outward
sometimes ripped off by high are acceptable.
winds.

Handles on doors can be diffi- Door handles should be
cult to manipulate by personnel Increased In size or
wearing heavy gloves or mittens. shaped suitably.
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TABLE 4-12 (Continutd).
DIFFICULTIES PRODUCED BY THE ARCTIC AND SUBARCTIC ENVIRONMENT ON VARIOUS TYPES OF

GROUND SUPPORT EQUIPMENT (Ref. 13)

Materiel Envi rormental effect Remedy

The entrance of cold air and Vestibules or air locks
snow through doors during use become a practical
is objectionable, necessity during the

severe cold winter and
always should be in-
stalled.

Windows Windows are generally of small
importance. During the winter
they transmit no light to the
interior. They offer an
escape of heat as they have
poor insulating values.

Tentage Single thickness tents are un- Double thickness tents
satisfactory. Icing, due to have overcome this
freezing of condensation and difficulty.
melted snow on the canvas, makes
it very difficult to strike
and refold tents without
tearing.

Lubricants

Lubricants, including crank- Many satisfactory oils,
case oils, hydraulic fluids, greases and fluids for
greases, and gear oils do- use at low temperature
veloped for warmer weather use exist. Use of the re-
are generally unsatisfactory at conmmended lubricant for
very low temperatures, causing each specific purpose
channeling, dry gears and is required.
bearings; difficult starting
and sh ifting; quick wear and
deterioration of engines, en-
gine attachments, and chassis.

Chassis Snow and ice at low tempera- Chassis lubrication at
lubrica- tures cause chassis to require 500-ml intervals is
tion frequent lubrication, recommended for arctic

operations.

Wheel grease Grease stiffness at temperatures Selection of the latest
of -35"F' and below requires re- reconwmended grease will
placement of bogie wheels. reduce the diffiLtUty.
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TABLE 4-12 (Contiued).

DIFFICULTIES PRODUCED BY THE ARCTIC AND SUBARCTIC ENVIRONMENT ON VARIOUS TYPES OF
GROUND SUPPORT EQUIPMENT (Ref. 13)

W ateri a I Environnmtal effect Remedy

i Ball bearings At extreme low temperatures, ball Suitable ball bearing
bearing lubricition difficulties grease depends upon the
are experienced, temperature, size, spread

and load of the bearings,
and the quality of the
lubricant. Selection of
the proper special pur-
pose grease is most im-
portent.

En ine Cogealing ijf lubricating bf at Lubricatihg cY' r.: u:lt be
lubrica- low temperatures causes exces- kopt fluid by continuous
ting oil sive wear when cold starting. heating if necessary

Fire fighting
e qulement

Fire extin- At low temperatures, fire extin- Fluorinated hydrocarbons,
guishers guishers do not function satis- dibromodifluoromethane

factorily. The fire is not and dibromotetrafluoroe-
blanketed, extinguishing ma- thane, are the most
tenrals do not adhere to cael- effective for all classes
ing or overhead fires, tempera- of fires at low tempera-
ture of burning material is not tures to -650F,
reduced, extinguishing materials
do not carry through the air with-
out dangerously high pressure,
and, all classes of fires--Class
A (Solidt), Class B (Liquids), and
Class P. (Electrical)--cannot be
fought with the same extinguisher.

Fire trucks Low temperatures cause trucks, Fire trucks, pumps and
pumps, and stored water to freeze. stored water should be

kept in heated shelters.
Pumps operated by the
truck engine should cir-
culate the water enroute
to the fire and piping
should be insulated.
Trucks should be winter-
ized and equipped with front
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TABLE 4-12 (Continued).
DIFFICULTIES PRODUCED BY THE ARCTIC AND SUBARCTIC ENVIRONMENT ON VARIOUS TYPES OF

GROUND SUPPORT EQUIPMENT (Ref. 13)

Materiel Environmental effect Remedy

wheel drive, and low
pressure mud and snow
tires.

Alarms Insulation in buildings and shel- Bells are more effective
ters muffles sound, causing dif- than gongs. Hand crank-
ficulty in sounding fire alarms. ed sirens are most

effective.

Electri cal
power
generating
equl pment

Gasoline and The major difficulties of diesel
diesel and gasoline power plants, aggra-
driven vated by the arctic and subarctic
generating climates, are similar to those
equipment listed under vehicles, self-

propel led.

Motor Starting is difficult under Proper design and materials
generators extreme cold because bearings eliminate binding; however,

and journals bind due to dis- if excessive clearances are
similar coefficients of expan- used, excessive wear occurs
sion, and because of lack of during normal operating
lubrication resulting from temperatures, Approved low
solidification of lubricant, temperature greases should

be used.

The effect of dry cold air is
increased wear of commutators
and brushes.

Vehicles

Self-propelled Cold starting of internal
combustion engines is a major
problem. Difficulty in starting
begins at approximately 30OF and
becomes progressively worse as
the temperature decreases.

More engines are ruined by Extreme caution should be
towing to start than by low exercised to avoid doing
temperatures. damage both to the towing

vehicle and the vehicle
being towed.
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TA£LL 412 (Contleinud).
DIFFICULTIES PRODUCED BY THE ARCTIC AND SUBARCTIC ENVIRONMENT ON VARIOUS TYPES OF

GROUND SUPPORT EQUIPMENT (Rod. 13)

Materiel Envi ronmental effect Remedy

The problem with cold weather
crankcase lubricants is created
by the wide range in temperature
through which they must function.
Designed with a low viscosity to
allow starting, they fall as
lubricants wben they are brought
up to operating temperatures,

Gasoline and diesel fuels have the This can be avoided by
ability to dissolve about 0,1% adding to the fuel small
water, At very low temperatures proportions--0,3% or
this water comes out of solution is $--of low molecular.
In the forn of Ice crystals and weight alcohols, Heavier
obstructs fuel systems. alcohols are less effec-tive. Alcohol should be

added after the fuel is
in the tank and not in
the fuel containers or
storage drums.

Drain cocks in the fuel
tank and settling bowls
In the filter housinq
should be used periodically
to renove accumu-
lated water, The use of
oversize fuel lines and of
fittings smoothly rounded
on the inside is an added
insurance. Fuel tank
should be kept as full as
possible and should be
full when parked over-
might. All snow or ice
should he removed from
dispensing equipment
and from around fuel tank
filling cap before remov-
ing cap to refuel vehicle.

Visibility is frequently The use of Ice fog suppres-
reduced by ice fog generated sors are of some value.
by I.C. Enqines operating
In temperatures between -200
and -60*F. This condition
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TABLE 4-12 (continued).
DIFFICULTIES PRODUCED BY THE ARCTIC AND SUBARCTIC ENVIRONMENT ON VARIOUS TYPES OF

GROUND SUPPORT EOUIPMENY Ref. 13)

Materiel Environmental effect Remedy

can be serious enough to re-
strict operations and bring
about hazardous conditions.

Conventional coolants and Special coolants and
hydraulic fluids congeal at hydraulic fluids, fairly
extremely low teleratures. satisfactory for use at
Protection at -80 F, lowest extremely low temperatures,
storage temperature, against have been developed.
freezing Is inadequate.

Long arctic nights require Larger generators should
more than temperate zone be installed.
lighting capacity.

Operators are handicapped In All control knobs, handles,
operating controls with heavy keys, levers, etc. that the
arctic-type gloves, operator uses should be

spaced and of suitable
shape so that they can be
omerated while wearingg oves.

Trucks,
personnel
carriers,
tractors, and
towing vehicles

Gasoline The primary problem In gaso- Engines should be maintained
enginos: line engines is cold starting, in good mechanical condition.
trucks and Arctic lubricating oils
personnel must be used with low vis-
carriers cosity and fluidity charac-

teristics. Preheating of
engine, using externally
applied heat, aids in
starting. Frigid-type
storage batteries shouldbe used. Gasoline should
be sufficiently volatile
and should
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TABLE 4-12 (Contlnued).,

DIFFICULTIES PRODUCED BY T.IE ARCTIC AND SUBARCTIC ENVIRONMENT ON VARIOUS TYPES OF
GROUND SUPPORT EQUIPMENT (R.f, 13)

Materi el Environmental effect Remedy

possess quick starting
characteristics.
At about -209F and below
starting fluids--highly
volatile-at-low-tempera-
tures fuels.I.will aid
cold starting (but their
effect is less pronounced
than for diesel engines).
Starting techniques and
procedures should be
known and practiced by
operators.

Ignition systems fail if not ad- The contact points of
justed or conditioned for cold distributurs should be
weather. brought closer together

than erecommended for
temperate zone operation,
The Ignition timing should
be retarded from the set-
ting recommended for
temperate zone operation.

Condensers are adversely affect- The condensers should be
edby the ccld; excqssive pitting replaced with those having
of the points results. louer capacitance.

Moisture condenses and accumu- Keep spark plugs clean and
lates on spark plugs forming a free of ice and moisture.
coating of ice an' causing short
circuits.

At reduced voltages (basically Spark pluqs of higher heat
due to the subero temperature range, esnecially those
effect on battery) spark plugs with smaller electrodes,
set at normal gap setting do have better performance
not give hot sparks, the normal rharacteristics. Spark
setting being excessive, gap should be reduced.

The metering characteristics of
of some carburetors are serious-
ly changed by low temperatures.
This results from contraction
of the various parts.
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TABLE 4-12 (Continued),
DIFFICULTIES PRODUCED BY THE ARCTIC AND SUBARCTIC ENVIRONMENT ON VARIOUS TYPES OF

GROUND SUPPORT EQUIPMENT (Retf 13)

Materiel Environmental effect Remedy

Diesel The primary problem in diesel Engines should be main-
engines: engines is cold starting. Once tained in good mechanical
tractors and an engine is started, the effects condition. Proper heavy
towing of cold are somewhat reduced, duty arctic lubricating
vehicles oils must be used with

low viscosity and fluidity
characteristics, Since
diesel engine bearing loads
are usually higher than
gasoline engines, lubricat-
inq oil should not be
diluted to ease hard
starting. Preheating of
engine using externally
applied heat will aid
materially. At subzero
temperatures starting
fluids will assist cold
starting appreciably.
Diesel fuels must have a

our point sufficiently
ow to allow flow and pre-

vent precipitation of waxes.
Using a fuel of 80 octane,
which is considered high in
Ignition qualities, start-
in can b) accomplished
only to 0 F. For this
reason, starting aids are
nandatory. Starting
techniques should be known
and practiced by operators.

1ransmiision Transmissions and differentials Only approved gear lubri-
and differ- are not equipped with devices cants of 'low viscosity
ential (and in most cases are not must be used. Protection
gearing accessible) for keeping them is available to -65OF by

warm during operation, If using special grease pre-
the lubricant is not suffi- pared fromn light lubri-
ciently fluid, gears will run cating oils.
dry, On Task Force Frigid,
over '13 transmissions and 13
clutch failures occurred among
96 vehicles, mainly produced
by stiff lubricants.
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"TABLE 4-12 (Continued).
DIFFICULTIES PRODUCED BY THE ARCTIC AND SUBARCTIC ENVIRONMENT ON VARIOUS TYPES OF

GROUND SUPPORT EQUIPMENT (Ref. 13)

Materiel Environmental effect Remedy

Sh-fting of gears hecomes pro- Automatic transmissions
gressively more difficult as have operated satisfacto-
temperatures derrease. It often rily in field tests.
is impossible to shift from
neutral until the transmis1,ion
ha' been heated due to internal
fricL"on or applied heat.

Starting motors frequently are Proper maintenance should
fnuled by oil dripping from other remove this difficulty.
parts of the engine.

l1ardening of the oil at extreme
low temperature keeps the gears
from meshing and also tends to
keeo them in mesh after the
engine starts.

Chassis 'rhe formation of ice and snow on Grease chassis frequently;
chassis parts has an adverse 500 mi is a recommended
effect, Water vapor condenses interval.
within the warn inechanisms and
forms ice particles.

Open cockp!ts offer little pro- Completely enclosed cabs
tection for personnel from the should be used. They
elenments in winter and from should he sufficiently
insects in s 'r, wide to seat rmen in arctic

clothing comfortably.
They should have suitable
heaters and ineans for frost
removal from all windows,
provisions for a quick emer-
gency escape, and should be
arranged or constructed to
keep out exhaust gases.

'rraction

Wheeled: Wheeled vehicles are of little Tracked vehicles are indis-
trucks and use except on graded roads and pensable and should be
personnel fields, Deep soft snow limits used.
carriers their uwe even on qraded roads.
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TABLE 4.12 (Continued).
DIFFICULTIES PRODUCED BY THE ARCTIC AND SUBARCTIC ENVIRONMENT ON VARIOUS TYPES OF

OF GROUND SUPPOHT EQUIPMENT (Ref. 13)

Materiel Environmental effect Remedy

Fork-lift type vehicles have
difficulties in loading, unload-
Ing, and transporting equipmentand supplies for comp)arativelyshort distances over snow cover-

ed ground.

Tracks: Mobility of heavy tracked ve- Easily detachable aggres-tractors hicles is limited over arctic sive grousers and ice
and tow- terrain, cleats should be provided
ing vehi- for use with heavy track-
cles ed vehicles.

Track breakage accounts for a No practical method has
high percentage of uperating been found to repair
costs of a weasel. broken track; however, in

the hands of careful and
experienced drivers and
proper maintenance, it is
capable of dependable and
continued service.

Trailers The major problem involved in Properly designed forced
the operation of any type circulation and distri-
trailer is to provide a unli- bution systems, radiant
formly comfortable working heat3rs and adequate in-
temperature with the added sulation will reduce air
complication of the require- stratification to ament for mobility. Uniform minimum and insure comfort-
temperature distribution is able condit~ons for per-
complicated by extreme tern- sonnel.
perature differentials bet-
ween inside and outside, and
the character-istic air
stratification associated
therewith. Floor-to-ceiling
differentials as high as 60 deg F
have been recorded,

The usual cold starting External sources of power
difficulties are associated can be provided for pre-
with engine driven machinery heaters. Where this is
in unheated trailers, not available, the self-

contained combustion-type
heaters must be provided.
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TABLE 4-12 (Continued).
DIFFICULTIES PRODUCED BY THE ARCTIC AND SUBARCTIC ENVIRONMENT ON VARIOUS TYPES OF

GROUND SUPPORT EQUIPMENT (Ref. 13)

Materiel Environmental effect Remedy

Dollies The primary difficulties involved
in handling dollies are those
associated with the ability of
personnel wearing heavy arctic
clothing to maneuver, hook them
up, etc.

Spare parts Rubber tires, hoses, gaskets, Some of the relatively
belting and other nonmetallic new polymers will
parts harden, lose their insure resilience at much
elasticity and compressibility lower temperatures.
and become brittle at tempera-
tures below -60 0 F.

Tire chains wear excessively and Army standard issue chains
cause localized abrasion of the provide more tractive
tire treads, effort, are more durable,

and cause less abrasion
than other types.

Metering characteristics of some This can be compensated for
carburetors are seriously changed by proper cold adjustment
by contraction of various parts and readjusting at running
at low temperature. heat.

Sleds The problems involved are the
same as previously discussed
under trailers.

The principal problrms concern-
ing cargo carriers are breakage
Gf runners, hitching-up assem-
blies, and upset incident 1,o
operation over rough terrain.

Winteriza- The major difficulty with
tion kits; winterization kits in general

is the inadequacy of heaters,
the fact that engine compart-
ment blankets absorb moisture
and subsequently freeze, ther-
mostat controls become in-
operative, window defrosters
are inadequate and the com-
bustion type heaters are a
fire hazard.
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DIFFICULTIES PRODUCED BY THE ARCTIC AND SUBARCTIC ENVIRONMENT UN VARIOUS TYPES OF

GROUND SUPPORT EQUIPMENT (Ref. 13)

Materiel Environmental effect Remedy

Climatic and
envi ronmental
control equip-
menrt

Air heaters The difficulties encountered with
air heaters used in buildings and
other shelters for housing person-
nel are covered under "Electric
Power Generating Equipment."
Heaters used for other purposes
are covered under "Vehicles."

Snow, frost, The major difficulty is the re- The most universal means
and ice moval of ice from aircraft wing of removal is the appli-
control and tail surfaces, cation of external heat,
for parked preferably hot air.
aircraft

Snow, frost, Chemical deicing fluids may be Toxic, inflammable, and
and ice toxic or corrosive, Ice melting corrosive fluids are to
removal effectiveness decreases rapidly be avoided. A solution

with reduced temperatures, but of lithium chloride con-
is still quite effective at taining a wetting agent
-15*F and may not freeze down and a corrosion inh bitor
to -400F. is preferable

Water alone may run down and If ambient temperatures
refreeze. Steam may be deflect- are not too cold, water
ed by wind or overheat metal sur- can be removed from
faces. pockets before freezing.

Water and ice phobic materials
are difficult and tedious to
apply, ave usually inflanmmable
and injurious to human skin
and eyes, and do not completely
remove i ce.

External heat application units
may not be available, they also
require large amuunts of fuel
or electric power.
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DIFFICULTIES PRODUCED BY THE ARCTIC AND SUBARCTIC EI•VIRONMENT ON VARIOUS TYPES OF

GROUND SUPPORT EQUIPMENT lRef. 13)

Materiel Environmental effect Remedy

Photographic
equipment-

Cameras Moisture will condense on all Cameras intended for oper-
parts of cold equipment when sud- ation in extreme cold
denly exposed to warm air. If re- should be kept at that
turned to cold air moisture will temperature and not be
freeze and render the equipment brought into heated
useless, shelters,

Mechanical
mechanisms Mechanical mechanisms become Equipment should be winter-

sluggish because some lubricants Ized by lubricating with
thicken under extreme cold. special low temperature

oils or operated dry if
conditions warrant.

Cameras tend to bind and stick Delicate mechanisms may need
at low- temperatures because of fine adjustments because of
differential skrinkage. shrinkage and differential

contracti on.

It is very difficult to make
fine adjustments when wearing
arctic mittens, or to load film
magazines and thread film.

Lrns glass Lens glass exposed to abrupt Severe thermal shock must
temperature changes may check be avoided.
or shatter.

Projectors Projector equipment is usually Adequate preventive main-
more permanently installed and tenance and careful super-
much more apt to be adequately vision can insure maximum
sheltered than cameras; how- reliable operdtion.
ever, all the difficulties en-
countered are the same, if
exposed to low temperatures.

Film Photographic film becomes Where it is not possible
stiff and brittle on exposure to keep the film warm, it
to low temperature, low is possible to minimize
humidity, or a combination of the difficulty by proper
both. handling techniques.
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DIFFICULTIES PRODUCED BY THE ARCTIC AND SUBARCTIC ENVIRONMENT ON VARIOUS TYPES OF

GROUND SUPPORT EQUIPMENT (1e1. 13)

Materiel Environmental effect Remedy

Covers for wings are too heavy,
bulky, and difficult to handle,
especially in a high wind, for
use with large aircraft. Un-
heated rovers will absorb
moisture and upon refreezing
will stick to wing surfaces,
Heated covers require large
amounts of electric power,
especially in a high wind.

Personnel The face, hands, and feet are This situation is improv-
gear hard to protect durinq periods ing continually with the

of high windchill or extreme development of face masks,
temperature. Protective gear gloves, mittens, and foot
is bulky and may cause excessive gear.
perspiration. The mobility and
working, efficiency of the indi-
vidual while outdoors may be
reduced to 5 - 10 percent of his
normal efficiency.

Electrical
systems; per-
manent and
portable
field light-
ing, flood-
lights, and
components

Portable Telescopic legs and their locks Crowfoot masts are readily
lighting become frozen with ice and in- transported and set up.
masts operative in low temperature They resist high winds and

areas. low temperatures and eli-
minate telescopic members
and the locking devices.

Electro- Electromagnetic rcWays beccme Electromagnetic relays pro-,
magnetic inoperative due to ice formation tected by hernmtic seals
relays on conductive parts in low Prohibit the entrance of

temperature areas. moisture to vital parts.
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Materiel Environwn4ntal effect Remedy

Batteries for Use of batteries as the power Other power sources should
floodlights source for flood lights in be used,
on equip- power equipment is unsatis-
ment factory in the arctic.

Floodlights Silver emulsion loses effec-
tiveness at -40*F and peels
at -650F.

Cable Cable insulation at extreme The use of polyvinyl
low temperatures becomes chloride compounds at
stiff and difficult to extrenwly low temperatures
work with and may crack. offars no problem, provided

they are not flexed
sharply.
Special low temperature
compounds ere ayailable
that flex at -760 F, but
they are not flameproof nor
oil and solvent resistant.
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time only, and (4) ground generally un- 4-3.2.1 Motor Vehicles
frozen, wet, and muddy. The island of
Adak, Alaska, was selected because its Vehicular mobility was limited on the
climate, offering the worst in cold-wet terrain of Adak Island. Inability to use
weather for a continuous period of from 4 wheeled or heavy, tracked vehicles affected
to 3 mo, represents the extreme of this type all elements of both tactical and support
with frequent and violent windstorms, The operations. The terrain is covered with a
first test, a I O-day field maneuver, was held thick mass of vegetation consisting of
in December, During this maneuver, Task grasses, mosses, lichens, and other small
Force Williwaw moved into the field to plants. This vegetation is interwoven closely
prepare defensive positions and to determine and varies in depth from a fevi inches to
the problems involved and the probable more than a toot, It provides excellent
tactical efficiency of such positions in insulation and, even in below freezing
cold-wet climates, temperatures, the ground beneath is seldom

frozen. A peculiarity of this heavy mat is
that few roots extend deeply into the

In January, a second 10-day field maneu- ground. Consequently, no bond connects the
ver was carried out. The tactical phase, vegetation and the muck beneath it. This
climaxed by firing exercises, included vegetation has been described as being like
marches of approximately 28 mi over "a rug on a muck floor", The black muck
mountainous terrain, DNring this test the beneath the vegetation varies from 6 in. in
weather was unusually cold-the ground was depth on slopes to several feet on the flats,
frozen for most of the time-so that It has a jellylike consistency and shakes
mobility of some of the support vehicles was perceptibly over a large area when vehicles
sufficient to provide supply capability, cross it, The moisture content of' the ground
Tentage, clothing, weapons, and Individual is very high, Even on slopes, the water level
equipment were studied during the problem, is within a few inches of the surface. This
Tests of other items included prefabricated terrain provides little support or traction for
trailer-mounted kitchens that were adapted the passage of ýehicles, and, once a vehicle
especially for cold weather operations. Also, breaks through the mat of vegetation, it
an experimental itudy was conducted to becomets embedded, When this terrain
aswertain the relative effects of cold-wet freezes to a depth of 3 in, or more, it offers
conditions on the efficiencies of personnel, an adequate foundation for the passage of

all but the heaviest wheeled and tracked
vehicles. When the terrain is unfrozen

The third field exercise was conducted for (normal), all wheeled vehicles and all tracked
10 days during February, Major problems vehicles having ground pressures of over 9 lb
studied during this period were methods of in:' are road-bound for all practical purposes.
weapon and equipment portability, the For steep slope operation, the maximum
determination of distance and time problems ground pressure is 5 lb ut'2. An illustration
encontered during marches over the rugged from another area of failure of tracked
terrain or Adak, the ever-present logistic vehicles on soft terrain Is shown in Fig. 4-7.
problems, and a 48-hr foxhole exposure test
designed to determine the limits of exposure 4-3.2.2 Subsistoece Materiel
for individuals in cold-wet climates,

A brief discumion of subsistence items
follows:

The effects produced by the cold-wet
climate and terrain encountered during Task (I) Ration and nes'xsing Weather arid
Force Williwaw art! detailed in the para- terrain had the greatest eff'c-'t on messing
graphs that follow, procedures end ration ,uapply. The extremes
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(A) In soi.l

(B) in snow

Figure 4-7. Failure of Tracked
Vehicles (Ref. 14)

encountered complicated many problems of number of days during the month wheun
supplying, feeding, and preparing rations-- flying was possible was very limited. Other
especially for frontline troops that could problems were encountered in field heating
not be overcome by the equipment and of individual rations. No heat tablets or
methods normally used. Although fog and stoves used were sufficient for heating of
low ceiling conditions had no effect on rations during the high winds encountered.
feeding, the winds with velocities up tIo i 10 Extreme temperatures were never a serious
mi hr-( and the great amount of precipiha- problem. Both low and high extremes
tion made the operation of all unsheltered encountered were no worse than in cold
stoves difficult and at times impossible. The temperate climates, Special problems were
problem of bringing food to the company caused by extremes of wind and precipita-
area was primarily one of transportation and tion anw' the unusually soft and rugged
supply. At times man-packing was the only terrain at Adak, Cooling of food by the high
solution. Free-drcpping and parachute drop- winds was a particular problem when warm
ping from aircraft were accomplished suc- or hot food was placed in metal coratainers
cessfully several times but were not a such as the standard metal tray or in
reliable means of supply because of the individual mess kits made of stainless steel
frequent low ccilings and high winds. The or aluminum. Rapid cooling usually occurred
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since little shelter from the whid was caused all tentint rerials to buco~me weath~er-
available, with the result that most food was Uaten anru badly worn a'ter 2 or 3 weeks of

cold before it could be eaten, use, permitting rain to peretratu, through the
tents and causing occupants and their

(2) Sleeping equipment and tents. The equipment to become extremely wet. During
mountain sleeping bag was used. It was medium whids ranging from 30 to 75 mph
sufficiently warm for all conditions en- accompanied by roin or snow, wind blows
countered when adequate protection from the rain or snow through the material of' all
ground moisture anti from snow and rain tents, many tents are ripped, center poles
was available. Some type -of insulation under and ridge poles break, and moisture flows
the sleeping bag was found to be a necessity. through the entrances and through the
The bag was carried by the soldier but stovepipe exits, During winds of' hurricane
constituted the major bulk of the soldier's velocities, 75 to 110 mph. no tents tested
pack, making it cumbersome to carry, were able to withstand the pressure exerted
Protectiork from ground moisture was re- upon them, and all were destroyed,
quired at all times with a waterproof ground
clothing of some type. The poncho was
suitable for this rurpose. After several Waterproofing of the tent and condensa-
consecutive nights of' use, sleeping bags tion within are closely related. One Impervi-
became damp as a result of perspiration, and cus tent was tested. Ex,'essive condensation
it was necessary to dry them out, Tent, and was always present inside the tent,. All other
heaters were used but were not very tents were made of a permoeible material and
satisfactory, A tnean' of removing moisture although condensation was til a problem
from the bag rapidly under cold-wet condi- moisture could penetrate, Shelter halves and
tions would be extrcnely tseful, The the two-man, mountain tents were used, TIe
sleeping bag could not be ued in the open shelter halves flap and jeik durinh• ilh
without some type of shelter since the winds, In many cases, the Imus are pulled
strong winds blew snow and rain into the out of the grouni or the upright piles
bag, broken, After a snort time in ,he fIel ', the

buttons, button holes, and rope loops tear
The floorless tents presented an important out, decreasing the efficiency of the te'w as

and difficult problem. The fibrous soil a shelter. Rain arid s.,ow blow through the
common on Adak retains water in a manner closure where the two shelter halves bulton
similar to that of a sponge, When a bed roll together, causing, the occupants and their
or sleeping bag is placed on the ground, the equipment to becomv ,vet. The two-man
pressure of the individual in the bag forces mountain tent, a lightweight, one-piece tent
the water out of the ground and causes the with an integral floor. ih plastic coat4.d.
sleeping bag to become extremely wet. During high winds, the, plastic coating iflew
Makeshift floors, consisting of old canvas off the fabric, allowing rain and snow to
tarpaulins, ponchos, and boards, were used enter the tent. Gusts of w'nd of' a velocity
to correct this problem, Some type of floor of' 25 mph or more exert pressure on the
appars necessary as a component part of all sides and ends of' the tent and caus, the
tents, The only tent tested with a floor was poles to break. When the poles and pegs
also extremely unsatisfactory because it did wert, rolled up with the tent, many small
not have a means to let water draii out. As holes were punchcd in the' material, caus4ig
a result, occupants become just as wet as the tent to lhak. After a short tin w, water
those individuals in a floorless tent. penetrates through holes of the tlooring of

the tent. cuasinlg t he occupants and iheir
All tents tH,1p vigorously during winds, cquipmcnt to become wet. Both shelt,-rs

causing the coating to be whipped off were unsulidactory for t'iv undkiv coil-wet
plastic-coati:d tents. Constant flexing also conditions.
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Four types of tents were, used for group ntumber of additional personnel were ema-
sleeping: two American, a Japanese, and a ployed including medical, quartermaster,
Swedish. None were satisfactory under signal corps, and engineer personnel. The
conditions encountered by the task force, It overall environmental impact on the ability
was nearly impossible to prevent moisture of these support elements to perform their
from entering through the door closures, functions is discussed in the subparagraphs
stovepipe exits, or through the canvas itself, that follow:
Construction of' the tents was not strong

enough to withstand high winds and the (I) Engineer. Among the problems en.
unimulated stovepipe exits on many of the countered by engineering forces were the
tents were fire hazards, poor bearing quality of the soil, poor

drainage, and the high rate of precipitation,
Three types of rigid shelters were used for These conditions necessitated continuous

group sleeping: the portable squad shelter, maintenance of the road network in order
the 16 X 32 rt Jamesway shef.tor, and the 24 for it to remain passable, The roads were
X 48 ft Jamesway shelter. Portable squad important because engineer tractors with
shelters consisted of units equipped with a standard tracks, when used as prime movers
plywood roof or an aluminum roof. They for cross-country operations, readily cut
were completely unsatisfactory in winda over through the tundra and became immobilized,
35 mph. Roof panels blew out, canvas ends Most materiel of any size and weight and all
blew out, and in winds of over 75 mph the wheeled vehicles w(%re confined to roads, and
entire structure was destroyed, it was necessary to employ low ground

pressure, track-laying vehicles for required
(3) Clothini. Footgear was generally satis- cross-country transportation of personnel,

factory, however, leather footgear leaks equipment, or materials. Although proved
excessively. Shell leather gloves and field satisfactory, the cargo capacity of the
caps were generally satisfactory under calm carriers was extremely limited and a great
conditions, Water.•repellent outer garments number of vehicle hours and trips were
are go-noally satisfactorT under calm condl- required, Another problem resulted from the
tions with some slight leakage after pro- barren nature of the terrain with its limited
longed exposure to rain, Undev gale winds, amount of natural resources, This required
30 to 75 mph, the outer garments become that all engineer materials, with the excep-
wet unless covered by waterproof shells, but tion of aggregate, be supplied from an
leakage through water-repellent and wind-re- outside source, particularly timber, which
sistant garments still occurs. Under condi- was nonexistent in the area,
tions of hurricane winds, 75 to 100 mph (a
rare condition), the feet become cold easily (2) Signal, The cold-wet climate provided
when cOad with leather footgear it' the very little hindrance to op.ration of radio
soldier is not active, Shoe packs were equipment. Since most of the sets were
genera.y satislactory even under these con- mounted in vehicles, operators were pro-
ditions. Gloves were unsatisfactory below vided with heated shelters in order to
-.25*F. All leather and leather-cloth combina- maintain efficiency. Maintenance and instal-
tions absorbed excessive moisture and lation are also more difficult unless shelters
created problems, and top garments. even are provided, ('ommnunication lines cannot
those that are water-repellent and wind-resis- be laid as rapidly in cold-wet areas as under
that, provide inadequate protection from the more favorable conditions because the line-
cold and rAin. man's efficiency is reduced by the necessity

of wearing gloves. Splicing and tying wire is
43.2.3 Support Operations difficult under theme conditions, wlen main-

taming the lines as well as when making
In support of the tactical exercises, ai initial installations. High winds nt.cessitated
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sorne. protection for radio sets that were not ('old-wet conditions comlplicatCLd by high
waterproof' and inude overhe~id iines break winds and tundra such as encountered onl
or become shorted at the tiepoint. Truck-lay- Adak-- posed further problems. Recovery,
ing vehicles capable of tundra passage were evucuiation, aud field maintenance is difficult
required for wire construction crews and because all wheeled and heavy tracked
passengers. Even in van-mounted equipment, vehicles, are roadbound. Thec performance ot
thle operator must wear gloves or suffer front maintenance personnel was reduced signifi-
cold and numb fingers, Efficiency of radio cantly, particularly in winds in excess of 30
operators. switchboard and teletype oper- mph with accompanying rain, sleet, snow, or
ators, and linemen is reducid approximately ground fog.
20 percen t (unless heated shelters are
provided). Thle iniintenanioc tent o00 two occasions

collapsed when the wind velocity reached
(3) Quartermaster, Because wheeled vehi- approxiniately 75 mph. The presence of

cles cannot traverse the tundra, extensive numerous lakes and streamns in such areas
road networks are necessary for normal maukes waders or am phibious suits necessary
operation otf quartermaster units on tundra for recovery operations of partially sub-
tinder cold-wet conditions with the equip- mierged materiel. because of thv difficulty of
ment normally uvi-k by quartennaister units. evacuating hecavy materiel over unfrozen
Hiowever, If quartermaster units are required terrain, cOnltact parties should be prepared
to operate in forward areas with no hard to performn a maximum amount of "onthfle-
surface roads, full-tracked, low ground pres- spot" mlaint enanlce whlen roads are liade-
sure cargo vehicles arv reýquited. Shelters are quate.
required for miobile Installations such us
bakery, laundry, and shower tinits, More (5) A'kdk'aI units, Mud and ihe possibility
than average amounts of dunnage are of deep snow make the use of' tracked
necessary to keep supplies and e~quipmeunt vehicles a necessity tor medical troops und.
above the tundra, Normnal dunnapv over equipmen~lt inl this LO~i1`0111101, The vold-wet
pierced planking is sutistactory. Sheilter from cýondltions make rapid evacuation of' the
both high winds and precipitation is neces- vatient fromi the. flold essential because of'
sary for supplieS and equ(Jlipent inl field O o increased tendency of a wounded patient
dumrps. Tarpaulins mlust be well secured tu go into shock when left exposied for tiny
because of' unusually high winds. Artificial length of' lime, Without tracked vehicles,
camouflage of dunips Is necessary because of' great difficulties were experienced in getting
the lack of trees and hushies in most tundra patients to thle battalion aid statiorts flie
areas. Additional personnel and supporting limited amiount of snow onl thle. ground
supplies are necessary b#ecause tht! difficulty seldomn permitted thle use ol ' ;jtobogenjn (ir
of working in bulky Oothing, and the skis !in evacuation. It was ustually necessary
additional effort required fromn each man for to hand-curry all patients. Inl one case during
his own personal welfare and comfotrt reduce the Decemiber exercise, It rvvulr,'d 20 menv
efficiency anl estimated 20 percent, to carry one patient at dPstaince of' approxi-

mately 4 inl.
(4) Ordta,,ce nuaittienane. Ordnance

maintenance units are coiffronted with The patient must be kept Warm and
various problenms -pe.rsonniel efficiency is protected from thle Aetlemeni.s. Standard
loweredl Hield niaintenano' requires shieltet; met hods -.re satisfact ory with regard to
ventilated work clothing is noeeded and warirt h but thle mnowihtain-t ype slee ping b'"
unpackaged supplies requi~ro protection from uised to protect the )ut ienl s was unsatisfac-
the ;lnments. Rate of movemientit isnflu- tory in provid inti accessibility to the patient
enced by snow depth and poKor visibhility a ad roomfiness. For example. it was extre be-_
during hieavy rain, snow,* or ground f'og. ly difficult to pl&1cO " patient With) a leg,
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splint into one ~~~~~of those sleeping bugs. As tr ic xaain nyafwfe el

available, th ros RtosEre n ajiior prohIdem.
432.4 ~~~Snc moblleprtinsUnt kitchens are road bound,

nicas bt mut crryoperutional rations and

th trrinofAdak on various elements of aind cooking equipment, together with mecat
th tcicloperation are given in the cans and eating tools contribute to the

floigsubparagraph&: weight of' the soldier's pack. Further, it is

0 )Ip~tq.Cold-wet codtoscompli- paablte erueinwdsor30mh
cuelfefrinfuntry e i h field.
Beas ftelarge aonofprecipita-, Some of' the problems encountered with

towaterproof clothing is a necessity. weapons carriled by infantrymen were:
When waringthis waterproof clothing
duig tenoswork, ventilation is a major (u) Wooden rifle stocks swelled when
prbe.Special waterproof footgear and exposed to cold-wet co~ndIt 4uns lbr short

adgextrit arel needed but they greatly limit periods of' time, causing oporatir.g parts to
deteit atiadd weight to the soldier's bind.
combt ladKeeping dry while sleeping Is a
polmadcondensation present inside (b) Metal parts on all weaponis rusted

waepro'equipment adds to an individ- easily and nocessitated constant mainte-
ual'h discomfort, The prevalent fog, rain. and nance.
snow limit visibility, which in turn reduces
defensive sectors, slows movemnent slightly, (c) Driving snow and rain blew into the
limits reconnaissance, and hampers corn- objective lens of' telescopic sights on rifles,
munications. Thec tundra and high winds moisture collected on the lens and the firer
encountered complciwtedl thev cold-wet prob- Could not see his target.
lenis immensely,

(d) Sight adjustments were difficult to
The most pressing complication was the make on all weapons whenever gunners were

effect on movement, The lac:k of suitable wearing mittens or gloves.
* vehicles required the individual soldier to

carry on his back all the necessities of lite as (c) The trigger guard of the carbine was
well as his lighting equipment. ('rew-serviced too smiall to allow foi satisfactory tiring
weapons are of excessive weight, and when the firer was wearing mittens oi
insufficient ammunition~ can be carried by gloves.

* lpresently authorized crews, Individual equip-
ment, shelters, and sleeping gear are also too (0) Some of the larger weapons were so
heavy and burden the individual until hie is heavy they could not be carried withi normal
no longer ati effective lighting, mani. Wh~ i complements of' men.
operations are carried out in mountainous
terrain, movemient is an even greater prob- (g) Some p~roblems were encountered
lem. In addition, resupply and CommUnniiie- with mortar stability in the tundra terrain.
tion are extremely difficult. High winds Both Ii 0 and 81 nin mm ortirs settled
caused additional difficulties mien beconie Improperly whenever fired onl the soft
wet, cold, and more easily fatigued: supply tundra. They contiinued to sink in to thie
and communications failed: and tents were groun'd and slide to t he rear with each roun d
destroyed or damiaged. Digging is unsatisface- tired. In some cases the miortars becanie
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inloperatfiveý after approximately three roulnds creased to suIch $il eXtknt that rates of
becausd tho mortar sank so deeply into th',, movement are retarded, observation of tank
ground that the piece would not function, fire Is limited, reconnaissance becomes a
To stabl~ize t~le weapons, it was nwcessry to slower and more deliberate operation, and
dig a hole, fill sandbugs with the soil, place security of' positions becomes iniportuait.
sandbagls in the holes, place the baseplatc on Moisture entered the optical elements at
the sAndbags. and then place adtditional telcs~opes and periscopes In the tank optical
sandbags on the bust-plate, No problem was equipment, Impact fuz.es were not sensitive
expe.-icrced when firing mortars on frezen enough in many cases for detonation onl topItundra, of' the tundra, 17he Ignition syste-is of mrost

wheeled vehicles became faulty after pro
(h) White phosphorus projectiles were longed periods Of exposumle. Becaulse otf thleIsatisfactory except when winds wure higher problemn of m-obility, little Opportunity was

than 10 mph, When tile wind was blowing at afforded for tactical tise of' tanks. When
10 mph or more, the smoke dispersed so armored vehicles capable of tundra passage
rapidly that an effenlive clouid cokild not h~e havt: been developed, the tactical doctrine
established, nu'y require modification to a slight degree:

for example, thle tUndra may exclude
(I) Sev-re problems were experienced column tornmad~ons, and poor visibllly and

with optical equipment. Blowing rain and observationi may exclude leap frogging or
snow colleIM on objectives and lenses, movement by hounds, Present armor tech-
Ilimiting vision. No optical instrutments tune- nkjques are affected adversely by the weather
tioned efficiently in the haze, log, rain, oin% and the terrain rates of movement are,
snow, Several instruments were found to retarded: thle time required to alert and
have moisture between lenses alter exposure move tro~ops and equipmenvit is prolongedk
to the elements (it was later discovered that and recuitnaissance Is slower and more
these instruments were not seatled properly), deliberate bicauisw of thle limited observa-

tion, rugged terraini, ai~d extremre weather
F~or Infantry unit. under those conditions, conditions.

movement is slower: defensive settors art!
limited by poor visliblityý movemrent has to
be fin a column of' fives becautse of thet (3) Fie/ld artillery, F'ield artillery units
rugged terrain, reconnaissance Is difficult and experictnce thet same1 difficu~lties, with mohill-
slow, security is difficult becautse of limited ty onl tundra ais other large weapon systems
visibility and rugged terrain: and supply is a including tanks and motor vehicles, Inl
major problem because few vehicles call addition, thle stability of weapons during
traverse thle terrain encountered, firing and thie effctiveness of' ni1pact

projectiles was jtreatly impitired. Low visibili-
(2) Armor. Aromoreim crews experiencved tv, directly allected thet observation required

tile sameu problems Withi bulky clothinlg anld for field artillery purposes. Problems also
operation ol* kitobs, screws, haridtools. etc., were no0tted Wilit clothing& inl field artillery
as Infantrymien, Mobility problems werc u iits for operatiows !in thle cold-wet clinate,
similar to those experieniced by other units, llme absenice ol trees makes the concealment
in that wheveled Vehicles Were filimited to tile of' posit ions and inistaIlaltolls d ifficultI. Vehli-
road network. After p~eriods of considerable dcl tracks onl tundra do, not disappear
precipitation followed by filling tempera- reaidily, and the mar-ks miade by a vehicle
ture, taintk tutrrets freeze so that manuial frequetittly remain visiblie tor several wionths:
hydraulic traverse is 101 toxiiblv. Lubric~ation hence, att~empts to conceal tracks by camnun-
problems particularly Withi exposed weap- flage will probably be less ef~fecti~e thanl
Ons, gent . anid I lie 11ajority Of tin it at temnpts to con louse tilhe enemy by tnakitmý
assemblies were increased. V'Isibility is die. many tracks.
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Significant difficulties were. encountered field pe'riod during Task F'orcc Williwaw

with cross-country operations by the various were infantry-related problems for two
artillery pieces. For example, the heavy i'-asons: first. those factors that adversely
artillery 155 mm gun was unsuited for atfect the individual and. consequently the
cross-country operation. On wheels, the unit to the greatest extent normally are
piece is immobile even on flat terrain. The ioticed more quickly in Infantry units; and
wheels break through the mat of vegetation second, all motorized organizations of the
and act as blunt plows, soon immobilizing task force virtually were immobilized be-
the prime mover. The gun can be towed cause of the type of terrain prevalent in the
acrosm country on its wheels when the area. The major effect on operations under
tundra is frozen to a depth of 3 in. or more. the climatic and terrain conditions encoun-
The piece can be kept above ground by the tered was an increase in the time required in
use of sleds, If sleds are not available, the the performance of all tasks. This inc-rease in
gun can be moved across country on wheels time, a direct result of the effect of climatic
for short distances on pierced steel planks or and terrain conditions on the capabilities of
runways laid under the wheels. The planks the individual, was caused by three factors:
can be laid and relaid again aud again as the
wheels clear them. (I) A general loss of efficiency. directly

attributable to the cold-wet chmae, was
Self-propelled artillery pieces were not evident,

employed in these tests. However. these
vehicles have performance similar to the (2) The rate of movement of foot
M24 Light Tank, except that they are elements with and without Individual equip-
slightly heavier and have a correspondingly ment over the type of terrain encountered
higher ground pressure. Consequently, their was greatly reduced.
performance would be somewhat poorer
than that of the tank. The light tank is (3) The general lack of suitable vehicles
unable to cross flat, unfrozen, soft tundra; capable of' negotiating the tundra reduced
however, it is able to cross flat, well-drained, the mobility of personnel, weapons, ammu-
firm tundra. When equipped with wide nition, and supplies.
tracks, it is much more effective and can
traverse some of the very soft alluvial areas. Factors involved in conduct of the
The mobility of a field artillery weapon is operations are described in the subpara-
the major factor that determines whether or graphs that follow. Limitations noted are
not it should be employed on tundra under applicable to company and battalion size
cold-wet conditions. units of all arms.

Artillery can be fired on tundra but (I ) Moilement. The lack of cross-country
auxiliary flotation devices are generally mobility was caused by the terrain encoun-
necessary to support the piece. These devices tered, The rates of movement by the
must be issued because trees and other individual were limited mainly by the mat of
materiel generally are not found iii thi type vegetation that covered the greater part of
of terrain. Ammunition fuzed to burst on the island, This vegetation normally pre-
impact is degraded seriously by the soft sented no problem at elevations above f800
tundra which permits the projectile to to "000 ft. but at such elevations move-
penetrate the ground deeply before the fuze mient of the individual was still retarded by
is activated, the ruggedness of the terrain (mountain

slopes and corridors), Movement over the
4-3.2.5 Tactical Operations-Deployment tundra by foot was further impeded by the

icy conditions of the terrain, which were
The tactical exercises formulated for each most prevalent during January and February.
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Normally, all wheeled and heavy trac'ktd tection from the weather. especially when
vehicles were completely road-bound. The high winds were prevalent. Terrain corridors
cargo carrier (M29-C) anti the LVT were further emphasized the importance of insur-
most suitable for cross-country operations. i;ig that advancing troops must control the
Rain, sleet, and snow -especially when ac- corridor. The creation of' artificial corridor,,
companied by high winds- reduced all rates by the use of smoke was not attempted,
of movement during such periods. Hurricane however, such a use of smoke would have
winds (75 to 110 mph) proved to be an been limited due to the winds, Since the
additional adverse factor, but such extreme normal rate of movement was greatly
high winds were rare and of short duration. reduced, movement in the approach march

and attack problems was consequently re-
(2) Reconnaussance Ground reconnais- dated. Movement normally was canalized by

sance was limited by the reduced rates of the terrain which, in turn, limited the width
movement and the restricted viibility due to of' the offensive zones, When two platoons
the prevalence of overcast skies and frequent were used abreast on a frontage greater than
precipitation. 400 yd, control hec:ame a major problem

even in squads. Armor could not be
(3) Securilt.'. The frequently restricted employed because of its general immobility

visibility, which limited observation, and the on the tundra. During the conduct of all
varying terrain contour emphasized the problems, the effect of the high winds with
necessity for adequate security measures their destructive force often resulted in the
when in bivouac, in the defense, in move- loss of shelters and supplies, This loss and its
ment, and in the offense. Limited observa- harassing effect-which could easily be
tion and hearing during the frequent inclem- caused by an enemy- emphasize the impor-
ent weather periods increased the number of tance of lines of communication as primary
outposts required during defensive opera- objectives for an offensive force, Pack
tions. These factors in conjunction with the artillery could probably negotiate the ter-
rugged terrain necessitated a thorough recon- rain, Towed light and medium artillery could
naism.nce of routes by advanced and flank probably support infantry on flat and rolling
guards during all movement. tundrat however, heavy artillery was unsuit-

able for movement on the terrain encoun-
(4) Time required to alert and move tered. In the use of artillery, greater

troops. The time required to alert and move disperement was indicated because of the
troops was increased correspondingly by the lack of natural concealment. Poor visibility
general loss of efficiency when operating rendered observation undependable. resulting
under cold-wet conditions, Since the terrain in the necessity for an observer party with
limits mobility under cold-wet konditions, every infantry company.
the time required for the alerting and
movement of a company or battalion during (6) The defjinve, The defensive sector was
the day or night will be approximately normally reduced by poor visibility which in
double that normally expected under more any situation intensifies the problems of
favorable weather and terrain conditions. An security. The general ineffectiveness in
increase will be evident when the terrain is tundra or snow of ammunition used for
not a limiting factor, but the overall increase detonation on impact would limit the
will not exceed 50 percent of that normally effectiveness of such supporting weapons as
required under milder climatic conditions. artillery and mortar ini the defense: effective-

ness was estimated to be not more than 50
(5) The offense. Terrain corridur. Inti" pR.icent. It was impossible to utilize tanks as

vided a suitable avenue of approach during defensive armor because of their inability to
the attack by offering a degree of protection negotiate the tundra, On the other hand, the
from hostile observation and provided pro- defense likewise expected no use of tanks by
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the enemy, (Camouflage was difficult due to Attempts to tiry them with wood fires and
the lack of natural concealment, which with gasoline tent heaters were only partially
necessitated a greater dispersal of installa- .;uccessful. The wet bags were the major
tie fs anid the use of camoullage clothing. factors contributing to personnel discomfort.

(7) Ratio of' c'ombatU, suplrting, and At the end of 4 days, the infantry
service troops. The ratio of combat, support- company with attached medical personnel
ing, and service troops was the same as detrucked and marched 4 mi over frozen
under milder climates except when the tundra and rocky, mountainous irregular
supporting units were ii-amobilized and terrain, carrying equipment averagIng 75 lb
man-packing became necessary. In one in- in weight. Additional ammunition. supplics,
stance, the proportion of service troops and heavy weapons were lashed to tobog-

required to support the tactical plans guns, These loads ranged from 300 to 500 lb
(hauling the rations, ammunition, and evacu- with six to eight men assigned to pull each

ating casualties) of the infantry company toboggan. Aid station equipment weighing
was increased to an approximate ratio of 400 lb was lashed to two toboggans, and
two service individuals for each three eight men were assiignd to pull auch of'
infantrymen, In this problem, only 15U thes toboggans, The men currying their
infantrymen participated, and 110 individ- equipment were able to walk 4 mi in about
uals were required to support the operation. 4 hr. It soon became apparent that the
The requirement for eniineer troops to toboggan., were much more difficult to
support the operations over tundra-type manoluver than anticipated. The rifle .mluuds
terrain is greatly increased. Construction and wito reached the bivouac site descended the
maintenance of roads and bridges is a 1,000-ft mountain slopes of average 40
continuous problem. A major operation over percent grade to assist the heavy weapon
terrain similar to the olndra found on Adak sections with the toboggtuns. It finally
should require a 100-percent increase in the hecame necessary to abandon the toboggans,
engineering units. Since tracked vehicles are The men reached the bivouac site after
prerequisite, an increase in the normal making two trips over very difficult terrain
authorization or tile substitution of tracked and ufter struggling vainly to bring up the
vehicles for wheeled vehicles would present toboggans.
an added maintenance problem.

The ,men were too tired and cold to
Table 4-13 shows the e'fect of windspecds prepare warnm drink and food. Some men ate

and soil types on the employment of cold canned rations while others ate or
infantry units in a cold-wet climate, drank nothing, Thiis overexertion causod in

turn tile low nmoral! the' next dfay. The men
4.3.2.6'Tactlcal Operations-Personnel were tired, had no energy, apid many had

mild transient gastroinitestinal disturbances

In the lDXecemetr I 0-day tactical exercise, including cramps, nausea and vomiting,
the first 4 days were to be spent in a presumably due to indigestibility of the cold
stationary pwition and the last 6 duys in a rations in conjunction with overexertion,
tactical march. During the first 4 days, the During the night, the windspeeds reached a

infantry company of' about 160 men dug in steady 65 mph with 90 mph gusts. The
and set up a dcfensive nositlon. Weather was temperature dropped to 19°1:. accompanied
moderate with temperatures near 3'!F and by heavy driving snow. Nearly all two-man
winds at 15 to 30 mph with wet snow or mountain tents were destroyed or damaged.

freezing rain during most of' !,te period. The leaving the men without !,helter. Early the
men slept in two-mIan mountain tents. Due next morning, it was obvious the maneuver
to the wet snow and rain. by the end of the could not continue, and tile order was given
fourth day many sleeping bags were wet. to return to the detrucking point, Since the
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first p';rl oft the march consisted of' scaling 3 By comparison, the men who were in
506-f1, 50- to bO-deg slope head on against bivouiac several miles from the road net in a
the still violent gale, many men abandonied snow-covered mountaini area during the same
their packs in order to surmount the stornt became panicky. The factor of
ohstacle. During the march (it' thc previous isolation appears to be the outstanding
day, one case of exhaustion thut simldated reason for the difference In emotional
abdominal disease occurred, This man was stahility between the two groups, It was felt
evacuated on a totoggan from which that more training and experience, under
medical equipment was removed. Twenty similar conditions would tend to strengthen
men were required to pull the toboggan, and lite emotional stability of' groups of' men in
the rate of progress was about 0,5 mph, This such situations, During the active phase of'
took all the litter bearers over the same the January I'l!d exercise, the same type of
route twice in one day. Since they were not terrain was cowered under moderately severe
able to reach the bivouac site, they spent weather conditions, Prolonged marches and
the night on the ,lope of the ridge. At this overnight bivouac in isolated loc•tions were
time another exhaustion patient had to be made by inlantry and medical personnel,
evacuiated from the bivouac site and 40 men The weather conditions encountered were
were pressed into service as a toboggan not as severe as those on the march during
team, They required 6,3 hr to traverse the 4 December, Morale remained at a reasonably
mi and were exh'austed when they reached high level and no severe casualties occurred.
the trucking point, In addition, the men seemed to be niore

4ýoniident as a result of the first-hand
The most important phase of this problem experiences obtained during the first march.

from the medical standpoint was the tactical The exertions for any one day were kept
march. Mnny of the problems associated significanily under the level for the march in
with the situation were primarily psychologi- December,
cal in nature, resulting from lack of
experience on the part of' the men. The men Weather crises precipitated a strong teo-
became panicky in the storm and allowed dency toward emotional instability and low
their discomfort (there were no cases of morale. althoughh, under more adverse condi-
permanent injury) to interfere with their tions of' terrain on long marches but with
sense of' duty, They did not realize the rolutive mild weather, no such effect was
importance of hot food and hot drink, noted. Of the various weather faclors
Physical exertion beyond the limits of involved, high winds produced the greutest
capability was demanded of them. and this ef'fect on the individual, High winds produce
drain on energy was without a doubt a a rapid loss of body heat out of all
major tactor in the low morale level. Shelter propxrtio•r to the temperaturc and rcl,, ive
or the lack of' it was also a major humidity. Unless adequate protective cover-
psychological concern. inmu is available to pirevent this heat loss

while insul'ficient body activity is taking
The psychological effect of the march in place to replace it, the body temperature

the December field exercise especially was eventually will be lowered to a dangerous
notable when the reactions of the men in level. This factor must be taken into account
stationary positions were compared with particularly when considering the probable
those of the men participating in the survival time of rin unaided wounded man
cross-country march, Althoughl shelters were exposed to sih weather condition,;.
destroyed and equipment was scattered by
the storm, the men in locations where 4.3.3 OPERATIONS IN THE ARCTIC CLI-
vehicles and roads were available shuwed MATE
only a minimum amount ofn enotionA stress.
and morale remained at a reasonahac level. The arctic climate (generally the extreme
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TABLE 4-13.
EFFECTS OF A COLD.WMT CLIMATE ONd THE EMPaLOYMENT OF UNITS (SPECS FICALLY INFANTRY) Oý

(o Id -wet cundi it1uni
Liarac~ter 5st1 ca tuI Averaget tempera #tur Otween ?Q and 4t

? ,ighi relatilye hunrdi ty. froegemt prei pi ta'ion
3. Usually overcst and foqqy

Meteorllogicel Organic saill (muskeg, tuiitira. lint rallied .oile icls i vconbditioni SwanPS, bog%, usually muddy) Cami'iict atlI. miudy during heavyrans

1. Movement. All Riovgvent etrwvely li'vted. was of low-groaisd-presture tracked 1. 'Soveinent, All movement aetromol limited by welatier.
vehicles imperative. Individu1 movement practically Impossible. Acclimatilation, tracked Vehicle$ flormal, wolee Vehicles limited. Inidi 'dual"moral@., and acclustomisition training importantc, ?i Maly war-ing orders necessary, ment precluded by ilpetila. Acclima~tization, moral#, or, a"

2. econaisene. Eatemey lmitd, Necssiy fr pio plnnig eidettion training importiarl.. Ti,,aly warning orders necetssry.
2. 6rmnllsn~. xtr~ey 11911od 4CI~it fr rio Paningv~det.2. Reonisn e, tremaly liited mWill by weather,

3. securiti. Importance of stationary outpuost omp:.ssiaed. Adequate warning Planning nelcestary.
system high Y important.

3. Sole irity importance of stationary outposts *Fiphosiiied,
a. offensive action. tilotreely thorougi training and physical hardening necessary. quit*ewarning systemvii owld bt utressed,

Hurricane winds Control, Identification, slnd coordination with supports emphasize*. Zones limited
:76-100 "1ph) With AS inidicated for g4l@ winds. 4. offensive action, Exatremiely limilttd Cy woetrit% thoras

rain. l011. 1111; ed pnyiical hardening necessary. ýOrntool insit IfimpOftil
11snow. 6. Defensive action. Etnremely limited. orianization of firepower iind outposts (letater Wst od vehilcles to attain obillty, re-,'red. 201n11

is nocCt5say. Ineffectivenessi of HE immunit ion fused for detoration on impact is Indi1CAttd foe gale wind&.
rare condition! linuts CA abilities of artillir. and mortars. Zones San* at for gale woinds. $ Dfnicato.Sctr.I"Itdpo bt

6. Supports. Aoqui rementit ytr. engineers idoubied by terrain conditions. Ordnance Attentio n to outpoiti, coor~dination Of 'irM,., and antlrecci4,nairitenan~o proportionately Increased by largler number of tricked vehilest rewluield measurvi [war~ning tystew! tmipla-iled, L-ci'. somei a. Ur O0
,'.Individual requirements Wartning aod drying facilities Absolutely noecessiiry. f, support%. ijC oft arcilr %ilo.11 bhe %trvit,#'I. Ordnanice 0

crelocent hot food and drink Imporltant. Indiv d uaisl maintenance responsihilit>. rt-, irelmehtit Increased with usl V' ar-or and other tracked I
stressed. Adequate wattr-rsisittiht clothing and Slfe mgeqiui ipment iiihigly , iiida rijeet. hrfnlnddfi .itea

hot food and drinil Adequate witivr-resi~tant .1 thij an
equipmient are, 1MotObvious re-womlnots.

1. 'Icvemenit. ti-ted but untirely possible. Low-giouni-pro%sure tracked V0104%e 1. 4lvem,,en 1 L1- unted vn der e x t re Ii "~d rl 0d t i ton., T1
macesuory. lime requirled to alert and move troojpj almost dounle than under iost gu~rooi tfn ilvrt And "onet trooli, .110% 0s i hlv that unjer t"favorable conditions. "horoufn training ver~y important. Timely warning orilers iavorable onditui~s. ?hcirt)ug t~iainqifl;"irtalt lInMaly
'iqe(.1Ssarn orues important,

uIeonnaimissance, !!round reConnai~san.a restricted by poor visibility and terrain. liieconno i sanon. irold,h.. o t.unai',an I ~ .~si ii
Qtilist air reconnatissanice when practicable. visubillty liti Ilje air reiunril,u,%taonv .ah,.rier oraltic'bl4

) ecurity. Larger' number of secority outpowt. and patrols necessary. Ifeed for 1, 'e cur ity. Lvrgw numhibiC vh e ,e.rity utiijtS ant
warning systems Is evidencedl by limited observationl and hearing. Needi for adequate, lintinechanitri warr~iiig vCt", o. dncQIlimited obisnryation and hearino-,

Ga~le wind; 4 oiffensive ection. Ideal for offensiv, to obtain %urlpri~s. Physical Loriditimn-
(30-75 niph) with log, control, identification among attackinq ineniberi, depth in retarined and defined 4, qihensiv, actioni. Lontri , identii'.,at~ov, aid definedi
rain, sleet, boundaries Important, jonels should not tie over 100 And 600 yd tor Cot 6nd Bhs, arias are important, doorsp ,hould not be uovr 300 and 6001

or snow, respectively, Cot Anid lirs, restiniti oely.

(occasional S. 0efensive action, Sectors limited as fur Vifvnuive action, warning systems S. Owfonsive artioi. %oetor% lirmiteil as in ruffrnnn. hrnt'i
Condition) Importaoit orgarilation of firepower and coordination with rebsrves important. mathaisal~d aarin'n systtP iihiyiii imiportar.t,

ineffectiveness of HE ammnunition fused for detonation in impact 1 imit% artil1lery
and mortars. 6. 1uppurts. Armoir And %upportinil usiatloh sho "l2 by give

icunsidaration. lieqviremunits for ordra'cin ,alf,tqincone units
6, hupport Normial prooortion of engineers increased 190 X. (Ireater requi etrrents tionattly increased with use of armor and ~tiner tracked VOWi
for tracked vehicles proportionately increased requirement for adilitional ordnance
Mainhtenance unit., 5,iporting armor %hOUld be gOPlOited. 1. Individual requirements,, warningj auric ryinq41 faciite

necessary. F reguenr ot foo a nd drink iortf~aint. Water-
?, Individual requirements, Warming and drying facilities for change if clotiinq resistant clothing is a requirement.

neciissary. Frequent hot food and drink important. Adequate sleeping equipment and
water-resistant clothing required,______

1. Movement, All rates of nmovement reduced mainly by terrain, Low-ground-pressure 1. iMovement Normal, except that weather will in,.rease It*
tracked VohileCS% necessary. time to alert and move troops So0 higher than under alert and Move troops at leat Si); than under most lavoraN
most favorable conditions, weatther conditions,

2. etaconnaissance, Ground reconnaissance feasible, but slow, Use air rcnasne,2, Reconnaissance, Nlormnal, except durin4 p.-iods of precil

3. Security. Genemrally normal. Limited observation and hearing will emphasize need po rrenaisc,
cailm conditions for warning system. 3. Security, General Iy nor'na I. Liniited observation and 4
and wInd :c to . feiieatoCnrladcodntowihupotemhsz.Ueof will emphasize need 0 fj warning systems.
30 4h with raIfin, It rd100 dfasbe Offensive action, Cotoladcorinto wt spotsenpaied seosleet, or snw I irborno troops feasible. Zones limited occasionally but 500 and100y esbe 4 fesv cin teal normal encept that zones 0

for Cos and Ilns, respectively, lI mited by lack af obtsirvation aut 100 and 1,000 yd feasibll

5. Defensive action, Sectors occasionally limited by restricted observation. Csadfi u~~nl
Zone same as in offense, S. Defense actli.~ Sectors limited as in offense.
6. Supports. Iincreased engineer requirements most important. Supplement tirdnance 6. Supports. Maintenanhce requireme'ts I ncreased by jse ef
maaintenance units proportionately with Increase in fiebr of tracked vehicles, and larger nam~er of "treiched vehicles, increase ordnance to

units to meant this ineed,
7. Indivi dual reeUirenunts. Warming land drying facilities most imortant. Streit
lighter indinlidua 1 cads, under all conditions. 1, Individual requirements, Warming and drying facilitieS

important. Stress lighter loods under all conditions,



TAKLE 4-13. ~~p7-¶
6YMEMT OF UNITS (SPECIFICALLY INFANTRY) OVER VARIOUS TERRAIN 1110L0 CONDITIONS MRel. 12)

Cold-wet contit on;

A, de ,i.1 tmptei btween ?g) and 4
'ire lot Ive huevedi ty, froiwoent Prec pi to- Ion

1 o JtIily overcast and foqqy___________________________

Finalgraind %oi$ (.ars* 'Ira' nod Sol I I raveell ,
Hn g~ledvolj(Cly h; l.,, le send' incorniactattle, stldo' uV,-

tWtllACtible, fluddy i n d eu v 1ain 1"'_______________ _______________;1_____________

l, eiovemelilt, All .4iovflnt teatromiel lfasi- d bywdlue i of I l,0e'a"'1 ".I oveontn li-itied m~rlob weather and whor- ~ u0 OIt ~over0t.
tracked vthicles normal; wheel ethic li mited, Ini'la -Vt. th0irio tra' Adividwal movemlent restri : tod by wotfathr. orqLaniI
Oilt precluded by weather, Acclimailzation. oa, N4ll~ " tn hnl innlOdr ee5f'

tio trinii9imprtnt. ?ielywieif, O*C5n~e~ ry2 Roindlalleflco. Etartremt Ilil-ted by weathier, Prior olanninin a ne'ollit~y

8 Rconeisanc, £tervemiy li'!itod meet l by weathe~r Prior
planning necessary, 3. seetriltj 'purtonco of itationary oatpust5 ire Oailll. Ir5' ylite to..

3 e siyse seeoul,rl be sta'nressed. 5 'haia ~e 4 r)Affen5v Oction.l Limited Mainl~y by wdteatfir. Zornes 11i1ltkd as lndicatrtd for la'

vell 0 tof tehiclos, necessary but difficult In% lountiitoi.s torraln
4. Offensive actioo, liftromely 11fited Uy weathilr; thno~ulnf train.
Ing anid peiY11cal hlardenling mocossary, r.0nte I.a -Ott Impori;4A 5 06fonsi~v action. %qctors liflttd n"'Inly by weather as in offtnin t d'alZ 1
a faster use of oeniiJes to Attain "Ob11 Ity ýRqlrod. Zones -tow~ Itfomiso necessary
6% 'Indicated loei Yale find% , 'oot.ii famrsol ekfSod igno ~~~at`t n.tlo e
6, )qt~inslys action Setitors 11ited nale ', b, poor observattlr 1 OOrrtiee over movlarmor itoraldi Pic St ~reosl Sniel r be ýoireents rfeaqd .
Attention to outpolitl, ;oorlifidtiun of to-,s, and anti machine olv
wenui~ale warning~ Systor el"01el'idted. :vn. seemly 4 for ,fpn' Individual reqiuiremvents. wormiinq and drying fa~il itiia5 frtivixent flut 4ou! An

drink,. adoqwdtt water-re'Istdiit (.11thing, and fleeoiij toeoup'flet are most cbviouS

requ Iramintlt ii ncared sodve fe tie ar-or Amd utrig tracisnfd vqeI Iijn

1. Individual rvQoirarvenls. Wirwir.; And elo'nki '11 t o, reit
hot Nod4 and drinlo adoequate matlr-rvoi stanit Jotbinlj, and ýl~ItII
"euipment Aer 'lost otef"'uS l, r n

Oausiriel -1ie nie xr ,T;iddyT T1.dItIo-, ini. ! I lIft-I "vinerit ,.ii'itod, ex(.oliwheom ieratinij noer itoufltaiiiiiu terra- 4, r". If
Irdto a I er mimoe t ri~p nOV 101 -~ (i Int (filel that 4ritisr thee ."not t., Alert and ýovq troops almost d0Uhlin than' under tIe "10%t arlafilf LU"I '' ISi

ICurbl Lood, t i,,r% *urouqhi tr ainm m1  'siprtAit Ti pely wan'lhe Th"'oygh ted n vi ntl mcoeilro

Reei.ofnl Sidmmd~. Lim'ited 'jirly by rveitri.tfl-d vlslllilty. I #iv, I'''

2i.il it, n al , imde air rou~li hi~ rwhtif~ ,iatwl.Jlillile., o dn
visibillt, ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e.r tiie b I "iefwO.~t r~ y L We tild 01t60"iatl~iInd m )ieari n gq reqi re I ml, ei'ao, Ir P . ,atp,.I il 'i~

3, ' ,urt,. Ladrie uwmber ý.I, ijrl tj outii,oi., ind p)atrol5 tieeLeooa ry It n s.

Moed fur aile-gatte antI,'ie.ha, eeda wirni nt SMto- 1% mi dolied byI
limited observation anrd hoarinq. 11 ffqnIive 4ctI11A rntral, lt ilnAm- :nflned boundariain 4eu 1Ž ltait

4, mfaoivo aiction, uo it roI ,idunti flattlon. dfii dr-' nd ituund. oq hudrth v'IDin eo dfrý%ts ie.

Wotg are Important. Juins ,hokll,3'lit be? ovrr 101 and 600 yd for . Iwfnorijvi a, inti r,#,tor, Mitml Aii !n olfensi.

bc MandIL ir.rsntielý~.,Iportfimq Aviation ina error iriyortant Imogievir aduqIr0!Vt nnt' tlei V

5. 2efennrfd.tIactio. So,.t.)r 1 ~t. a% in tfofiime.. Anti- wh' pwatini1 uver moumteifliti tlreraln. 116,J ant-ld, jhhutt beuiivdeyt
secian I :le t wdrnlnuml -,y',tol, m I, 1imortan~t.

A. upbpott%. Armor and lloaportinq ev iatl'ým ivoul I be lia Iv- uver,, f, I a. iriel qoirtamet0. wdtr- risn iand dlotingj faid leotii.nesuy. i rnjonft e oit-d
C~fl~eralim. ifquirenuci. for ter(Ildh,. %dintemncevi urlt iirupr. fntadtiiiorat atrritnt.tiqadsepny qipntimri.

tionately incroiasald with use of armor 4nd utnior oramelkh Phicle..

7. ldiVjdU~j reqUiroplentS, plelieol1, AnuS dryiy-I fa(Il IitiPs
isecisul~ry, itant "Olt food and drink important. Water-

reitant ilct~hif4 ij a r uu reen

1.Mslmnsoi'1ii, eoceept that weather will irecrozil- time to 1. iov#t:nt, iorniil, P.(.Ppt weatheer ilnct..~t&timel to ,i#:t and move krooilm it least

3.Recinaidisancle. t~r , exetdrn eid fpeiiain . Recomnnainnance. generally normal, except woothsr restricts visibilitby, Lnploit

Exploit air reconnaissance.,i eonalsne

1. lSecwrite. Generally normal. Limited obesetyvatioo end heaI 3. Security. Generally normal, limited observation and hearinul will emphasize need
Wil emvphasis* need 'ii warning systems. tor warning sylitem.

4. Offensive action. Generally normial except that zones will bit.Ofniv cin Zns 0 ond 1,00`0 yd'esll o otdis -~pciey
Ilimited by lack of obsitervation gat 500 and 1,000 yud feasible for occasionally limited by restricted visibility.

Cci nd ns espetivly.5, itonlefensa action. Sectors samew as In offense. othervi~a, normal.

I.Defense actioli Sectors limiticd as in offense. 6. Supports, P'rattfle:IIly iorms I , Ordnance maintenance unit~s Should be inceredoed

6. upports. Ilin~tenseCe requireeonts Iincreated by use of aremor proportionaItely with incroase In nwmeber of trac ked -Inehl@%, 1110 0. Incveease WfOI'nvers
and larger MuMMP of tracked nehicles, Increase ordnance inainitenAnici when operati nq ver mouantainoas terraine

mitto tths7, individual requirelentig Warmeeielg and drying factilities should be furnished.
7, Individual rl~lsmairemts. Warmilng ands dooyiiig facilities most Stress tighter Individual load% under sll ronedition'.,
11Mxortenht, '~tiess lighter toad% under all conditions.

4-57/4-58



A•"cP 70&11t

cold climatic category of AR 7V-38) is ments., and improper firing, which are
differentiated from other.i by the occurrence NrlAtiCly unimportant during hc.mp.ratt" cli-
of extreme low temperatures, which present mate operations. become important because
different chal!eities to materiel performance they contribute io crankcase oil dilution in
than tho;.c of1 the cold-wet climate (Ref. 10). cold climates, Another problem encountered
Much otf the knowledge of' these et't'ects is with tanks involved fire control equipment
derived from Army arctic operations but fogging and defrosting W!' optical deviceit
additional valuable- xperienct has been such as periscoTps and telescopes, Operation
gained in the nonmilitary experience in of' the tank turret was compromised as a
Antarctica. result of general sluggishness in tlu: power-

traverse response. Increased weapon eleva-
Prime effects are on vehicles, weapons. tion and wheei efforts experienced with

and aijcraft us discussed in the sulhpara- decreasing ambient temperutures, although
graphs that follow, the units had been serviced with proper

hydraulic oils. indicated unsati%factory per-
4-3.3.1 Vethlaulr Opeations formance at much lower temperatures. In

addition, the normally anticipated traction
Many tests of vehicles and their engines ditficulties on hard-packed ice and snow

have bLen conductei by the military in were encountered,
arctic and subarctic regions. The results of
some of these tests are described briefly In Testing of wheeled vehicles indicated that
this subparagraph to indicatc the problems in general they would operate successfully in
with vehicle operation in the arctic climate, snow no deeper than the vehicle ground

clearance and were very limited in slope
A number of transport vehicles including operation, The automatic transmissions em-

a special-purpose, 2-1/2-ton truck (T23)' and ployed were satisfactory except that in the
standard 1-1/4-ton. 3/4-ton. 2-1/2-ton, and 2-1/2-ton truck (M135) the hydrumatic
5-ton vehicles: as vell as a snow tractor transrnision had a sever, downshift from
(TI21 ) were tested on un'rozen muskeg second to first gear. which caused skidding
during the arctic summer (Ret'. 15). None of on Icc. (Cold starting was satisfactory down
the wheeled vehicles was able to traverse to -40'F. Icing of the fuel systems of the
muskeg areas. The snow tractor was capable M37 and M4: Trucks was encountered
of transversing the summer muskeg In excess below -20*F, and alcohol had to be addod
of the rated payload hut presented some to prevent freezing. In most vehicles tested.
steering and suspension problems. Oft-road the heut distribution systems were poor,
operation of' wheeled vehicles in unt'rozen resilting in excessive heat at some spots
muskeg has not been proved feasible. In within the cab and cold spots in other areas.
many cases the heavier tracked vehicles with An antiltog compound was tvsted on the
high track loadings are marginal in these windshields but was not found to be
circumstance,. Another environmental prob- satisfactory in these climates,
lem associated with vehicular operations is
the load-bearing capacity of' ice. This is given In tests at Ft. Churchill. Canada. an
in Table 4-14 for ice on fresh water which is amphibious cargo carrier (T46) was tested
stronger than salt-water ice, during ambient temperatures between -200

and -30*F. The only major problem encoun-
Ordnance materiel was tested under ex- tered was in the tback design, which required

treme winter conditions at Big Deltv, Alaska. modification to provide better traction in
and Ft. Churchill, Canuda (Ref. 16). The snow.
M47 Tank required modification to elinii-
nate a serious carburetor-icing condition. In field teý's at Ft. Greely, Alaska. ,
Extended idling, minor carburetor maladjust- 2-1/2-ton truck (M34) was tested. The major
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TABLE 4-14,
LOAD-BEARING CAPACITY OF FRESH-WATER ICE (Ref. 17)

SMin. ice Min. distance
thickness, between units,

in. ft m

Man 2 15 5

Vehicles

1/4-ton truck 8 50 15
3/4-ton truck 10 65 20
2-1/2-ton truck 16 80 25
5- ton truck 22 200 60
5-ton tractor w/loaded trailer 36 260 75
1M561 cargo carrier 10 65 20
4M8A2 tractor 26 230 70

"iM41AI tank 26 200 60
M48A2 tank 32 230 70
M60 tank 32 230 70
mM108 howitzer, SP, 105 mm 20 130 40
M88 tank recovery vehicle 34 230 70
1M109 howitzer, SP, 155 mm 20 130 40
M110 howitzer, SP, 8 mm 22 165 50
M113 APC 18 so 25

4M114 armored carrier 16 65 20
1M116 cargo carrier 14 0 1i5
M4578 recovery vehicle 26 200 60
Tractor, D7, std. 20 130 40
Tractor, D8, std. 24 165 50
Crane, 20 ton 24 230 70
Grader 16 165 50
M-6 transporter, rolling liquid 10 NA

Aircraft

0-1A, E 8 30 10
OV-lA, B, C, 18 65 20
U-1A 10 65 20
U-6A 10 50 15
U-8D, F 10 65 20
CV-2A 20 180 55
CV-7A 20 200 60
OH-13H 8 30 10
OH-23D 8 30 10
UH-1A, B, D, 10 65 20
UH-19D 12 65 20
CH-21C 14 80 25
CH-34C 13 80 25
CH-37B 20 200 60
CH-47A 20 200 60
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deficiency noted was the failure of the the test season and continued throughout
transmission on two occasions. The battery the winter. Overall operation of these
heating pads failed after approximately 200 vehicles under the extremes of the Arctic
mi of operation. Front spring seats broke was '.nsatisfactory. Excessive oil dilution and
twice, The sparkplugs became fouled, and low engine operating temperatures were
the ignition points failed on all three experienced during the entire season. At no
vehicles tested. The clutch lever of the time was it possible to operate the vehicle at
winch broke off twice during temperatures pioper engine temperatures, Continual
below 0F, The safety catch proved unsatis- troubles were experienced with carburetor
factory in that it was necessary for the adjustment. This had a tendency to make
operator to remove his arctic mittens to the vehicle always operate at about 50
release it, Operation of the heaters was percent performance, Difficulty was experi-
generally satisfactory, but, at temperatures enced in starting the auxiliary generator
below -30*F, personnel found the cab below -- 20*F, At .-55*F it failed to start
uncomfortable, Numerous air leaks were under any conditions, Material,4 used in the
noted around the cab during operation construction of gunner's and operator's
above 25 mph. The rubber around doors and controls had a tendency to stick to the
windows came out continually, men's hands when gloves were removed to

make fine adjustments. The canvas-type
Low gpound pressure tracked vehicles grille covers were unsatisfactory in that they

employed for oversnow transport are shown required constant attentiorn and eventually
in Fig. 4-8. would come loose, start flapping, and blow

off the vehicle, Fenders and sand shield were
The T41EI Tank also was tested at Ft. completely torn loose and bent after the

Greely. Six hundred ml of cross-country and first 100 ml of' cross-country operation.
highway operations under simulated field Deposits of broken limbs, pine needles, etc,,
conditions were completed on one vehicle would lodge around the muffler guard plates
and 240 mi on the other. Numerous and cause fires to break out in thlat location
problems were present at the beginning of after continued operation, Failures common

I.I

Figure 4.8. Low Ground Pressure Tracked Vehicles for Oversnow Transport

(Photograph by R. W. Gerdel)

4-61



AM•P 70&118

to tests in temperate: climates were also in neighboring areas were made up of snov.
common in the Arctic, such as failing shock drifts, deep level snow, heavily wooded
absorbers, suspension components, and elcc- areas, and slopes. The total number of
trical relay instruments, It was noticed that engine hours accumulated was 148.4 on the
at --55*F it took 5 min to elevate the left engine and 141.4 on the right engine.
weapon to its maximum elevation from the Both engine air cleaners were operated dry
traveling position and required 2 min of after it was found that they become clogged
effort to rotate the turret 90 deg, with a sludgy mixture of snow and oil

within a few hours of operation. Blown
The general durability and performance of snow cannot be prevented from entering the

2-1/2-ton cargo trucks ,(M35 and M211). engine compartments while the vehicle is in
5-ton cargo truck (M54), and the ambulance operation.
(M43) were evaluated under arctic condi-
tions during Operation Flin Flon (Ret. 18). The T95 Engines were rated as lacking in
All trucks were appropriately winterized endurance characteristics as a result of
according to established procedures. Unsatis- excessive wear of internal components. This
factory components included the transmis- included:
solns on all vehicles, the M43 differential,
fanbelts on the M35 and M54, tire tubes, (I) Severe ring wear
and winches. Although lubricated with arctic
lubricants, all of the transmissions except (2) Piston and cylinder wall scuffing
that for the M43 Truck had extremely short
life, The failures appeared to be the result of (3) Excessive fatigue damage to bearing
improper lubrication, The M43 Truck experi- Inserts
enced severe difficulties in starting in
extremely 10ov temperatures. Starts below (4) Excessive valve burning and leakage,
-IO*F ambient were generally unreliable attributed to excessive valve stem-toguide
although starts were made at temperaturei as clearances.
low as --24'F, but only with considerable
difficulty, On the M54 vehicle, recurrent Wear of the engines resulted from inade-
failure of the radiator inlet neck was quate lubrication, no doubt influenced
experienced, This was attributed to the directly by the high viscosity and poor
stiffness of the hose and the general distribution of the oil and by the amount of
geometry of the installation. No doubt the antiscuff agent in the oil, The arctic oils
cold tempetatures contributed to the hose used provided inadequate lubrication on this
stiffness so that this failure is more likely to particular engine.
show up in extremely cold environments
than in iemperate or hot environments. A 90 mm gun tank (M47) was operated

for a total of 1,071 mi. approximately 60
Engines were removed from a tracked mi on prepared surfaces and 1,011 mi over

infantry vehicle (T95) ,,nd inspected for the cross-country course and neighboring
wear and damage after 2,020 mi of areas at Ft. Greely, The engine was removed
endurance operation under arctic conditions and inspected. Basically, this engine per-
using arctic-type fuels and lubricants (Ref. formed very well. Sludge had accumulated in
19). Of the total 2.020 mi, 197 mi were on the crankcase, which indicated considerable
gravel or prepared surfaces and 1,823 mi low temperature operation. It coated the
were over the cross-country course and connecting rods, crankshaft, and rocker
neighboring areas, The cross-country course arms.
consisted primarily of frozen, snow-cov-red
muskeg, some deep snow, and occasional In addition to difficult starting of internal
patches of smooth ice. Approximately 50 mi combustion engines in the arctic environ-
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ment. crankcase oil dilution is a serious plus the general problems of' vehicular
problem contributing to frequent engine mobility caused by the arctic environment,
failure. A study of the effect of winter cause great difficulty. Crew-served weapons
operation in Alaska on crankcase oil dilution with heavy recoil and/or weight are limited
confirmed that significant crankcase oil seriously in operational use on muskeg and
dilution occurs as a result of water and other similar soft lerrain during the arctic
gaioline accumulation in the crankcase oil summer. Heavy snow cover causes erratic
(Ref. 19). One of the factors believed to behavior of impact-fuzed high explodive
affect the overall dilution lev,'l is the artillery and mortar rounds as well as
exposure to low temperatures. In these tests, rendering conventional mines ineffective in
as anticipated, oil dilution resulting from many cases. Finally, the extreme cold of the
water condensation in the crankcase was arctic winter has contributed to mechanical
greater for those vehicles parked outside. failure of a variety of weapons as a result of
The type of operation also affected the oil mutal embrittlement.
dilution level. The vehicles that were used in
short-run, light-load service had significantly Examples of problems encountered in the
more crankcase oil dilution than vehicles operational use of weapons in the arctic are
operated for sufficient lengths of timei for described in the subparagtraphs that follow.
the engine to heat up to normal operating These examples ire taken from a number of
temperatures. Water dilution varied from extensive field exercises conducted by the
essentially zero to as much as 5 percent; military in arctic-type environments.
however, it was less than I percent for the
majority of vehicles. Fuel dilution was A number of weapons have been tested-
significantly higher, varying from less than I the 105 mm mortar, the 4,2 in. mortar, 75
percent up to as high as 58 percent. The mm recoilless rifle, and a cal .30 machine-
58-percent dilution was an anomalous figure, gun-during arctic summer (Ref. 20). These
Most of the fuel dilution values were less tests were made in unfrozen muskeg without
than 2 percent for vehicles stored indoors, using sandbags, Although all weapons oper.
while for outdoor storage, fuel dilution was ated satisfactorily, the mortar bases were
less than 5 percent. extremely dift'ficult to extract from the

muskeg into which they were driven by
Dilution was caused by (I) failure of recoil.

engine components, which usually resulted
in extremely high fuel dilution, (2) excessive In arms and ammunition tests, a 4-1/2 in.
fuel accumulation during cold starts (espe- rocket launcher (TI23) was fired from
cially when difficulties were. experienced in frozen muskeg (Ref. 8). The spade and trail
starting the engine), (3) overnight soaking stakes bent when attempts were made to

--* (mainly water), and (4) operating at very drive them into the frozen muskeg, How-
low engine temperatures, (idling and short.. ever, during three firings of' 25 rounds, each
run, light-load operation), without the trail or wheel stakes, the

launcher was stable. During the firing.
ignition delays up to 3 s were noted. Prior

4-3.3.2 Effets on Woepons to arctic test, the launcher had satisfactorily
functioned in a cold chamber at,-65'F.

The arctic environment causes more diffi- however, in the outdoor tests the handwheel
culty in the operational employment of effort of the traversing mechanism of the
weapons, both individual and crew-served, launcher increased tremendously, from a
than the other extreme environments. The normal 7-lb effort to an effort estimated to
inability of infantry soldiers to man-pack be over 100 lb, although the outdoor
even the smaller crew-served weapons, along temperature was well above the temperature
with on adequate supply of ammunition, of the cold chamber.
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To emplace an 81 inm mortar (M2()) on mortar projectiles exposed to low tern pera-
the trozen muskeg, it was necessary to use turts is decreased hy is much is 15 percent A
dynamite to make a hole, but this practice below firing table ranges die to sloh,
allowed the weapon to be emplaced in 5 to irregular, or partial burning of' propellants,
10 min. On three different occasions, a weld and increased air density. Low temperatures
that holds a ring on the titanium base plate cause problems with spotter systems. Mis-
broke and the base plate ultimately frac- match occurs between major and minor
tured. Loss of projectile fins caused mishaps caliber systems because of difterent propel-
and erratic flights, lant temperature coefficients, A system is

generally reliable only at the temperature for
In other tests thie employment and use of which the system is "fired in", The same

the 4.2 in. mortar (M30) with mount (M24) situation exists in the alignment and sighting
was investigated. Of the three mortars of' tank and artillery weapons. Alignment is
tested, the bridge shattered on two units, valid only for the particular temperature at
the base plate failed on one, and the upper which the alignment was made, Changes in
support column failed on one. At no time temperature require realignment of the
was it possible to properly seat the mortar weapon. The U S Army Arctic Test Center
for what Is considered to be satisfactory reports that I 500-yd corrections required as
firing. Numerous methods and devices were a result of weather changes were experienced
attempted, but they were time consuming several times with the 105 mm howitzer
and unsatisfactory. The 60 mm and the 81 (Ref. 20).
mm mortar also had similar characteristics
plus limited fragmentation patterns. On The changing nature of snow affects the
some types of fraugmenting projectiles, fuze performance of mines and fragmenting
action was unsatisfactory at temperatures munitions. The spatial distribution of trag-
below +20*F; at -25 0F, 100-percent failure ments from high-explosive (HE) loaded
occurred, It was concluded at the time of projectiles is greatly reduced when detonated
these tests that mortars in their present form under snow. Test results indicate a smother-
were unsatisfactory for use or employment ing, factor as high as 80 percent when they

* in the Arctic during the extremes of winter, are detonated under less than 6 in, of snow.
This e ffect is noted with point-detonating

The 4.5 in. rocket launcher (TI23) (PD) fuzed mortar projectiles, hand gre-
functioned properly, but large dispersion nades, antipersonnel mines, and most other
patterns up to a 1,000 yd in width were PD-fuzed HE projectiles, Snow has a blan-
noted, and the launcher had a tendency to keting effect on fragnmenting muntitions, and
blow a large cavity tinder itself when fired in its softness interferes with the performance
deep snow. This, in turn, caused the of certain types of tihines, In tests performed
launcher to settle into this hole. As a result, In Alaska, antipersonnlm mines that futc-
it had to be moved after several firings. t ioned properly when planted on hard

ground and hard packed snow were unrMli-
The difficulty of operating the trigger of able ill deep snow. When an attempt was

conventional rifles and related small arms is made to actuate the mine in deel snlow, it
of great importance. Some means is needed was merely pushed farther into the snow.
to permit the infantryman to fire small artns Sufficient resistance could not be developed
and rifles without removinw the irctic in deep snow to generate the force necessary
mittens. 'The trigger-finger glove principle has to make the milc ftunction. Trip-wire devices
not proved satisfactory. failed because blowing snow packed ha1rd

into the actuator cavity, thus preventing tihe
The following additional problems asso- trip rod front moving,

ciated with weapon employment in the
Arctic have been observed. The range it Weapon performance has also bcen evalh..
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ated on the Greenland Ice Cap. Terrain exercises are discussed in the paragraphs that
consisted of 200 ft of snow on top of 7,000 follow.
ft of ice, producing a flat, wide-open surface
containing no vegetation. No way could be An aviation support operation for to-
found to emplace the 81 mm mortar. pograph'c mapping in Antarctica by the U S
Despite heavy sandbagging, shifting occurred Geological Survey and the National Science
and the weapon could not be made stable. Foundation during Operation Deep Freeze
Twenty-four rounds of HE ammunition with employed HU-IB Iroquois helicopters (Ref.
a PD fuze were fired, and 21 failed to 21). Several problems were encountered with
detonate on impact because the resistance the helicopters as a result of the adverse
developed by the snow was insufficient to environmernt. One involved a control failure
cause the fuze to function on impact with that nearly resulted in the loss of an aircraft
the surface. and its crew, Th1 aircraft was operating at

an altitude of 10,000 ft (temperature - 20TC)
White phosphorus rounds detonated but executing a right turn. A rolling motion to

only after penetrating the snow to an the right followed by an increasing nose-low
indeterminate depth that smothered their attitude was noted by the pilot. Unable to
effects Because of the flatness of the move the control stick rearward, he turned
Greenland terrain, flat trajectory rounds off the hydraulic power. The craft was
fired by the 106 mm recoilless weapon brought under partial control, and the
would not eiplode unless a direct hit was hydraulic power turned on again, Immediate-
made on the target. The round bounced and ly. the aircraft started rolling to the right as
tumbled when striking the surface without before. Hydraulic power was then turned off
exploding. Neither tracer rounds used with for the remainder of the flight. A landing
the 106 mm recoilless weapon nor the puff' was effected, and investigation revealed that
of smoke usually seen on hitting a target an accumulation of ice had blocked a relief
could be observed because of optical .ondi- vent in the hydraulic control system, Once
tions caused by light reflec'ance and diffu- the vent had been cleaned and the system
sion from the ice cap. Results from firing purged, the hydraulic system functioned
the 3.5 in. rocket were the same as for the normally. This incident illustrates a typical
recoilless round, Range estimation was ex- problem resulting from thawing and fre.ezing
tremely difficult because of the optical of water.
conditions.

Another problem involved a skid-type
landing gear that provided insufficient tlota-

4-3.3.3 Effects on Aircraft Operations tion on soft sinow. thus allowing the aircraft
to settle so that the underside of' the

Aircraft operations in arctic environments, fuselage contacted the snow surface. ('ose-
involving supply, cl-3se support, and artiller) quently. the possibility of' damage to the
fire observation, frequently are hampered or structure and atnached electronic equipment
completely stopped because of poor visibili- exists. b.. cau. the greater percentage of the
ty. Poor visibility is the major restriction on aircraft weight is concentrated on the aft
air operations in the cold regions, An skids. the tail boom contacts the ground
example of obscuration by blowing inow is surface first as the aft skids settle through
shown in Fig. 4-9. Other effects include the snow crust.
difficult starting of' engines, Ling impairment
of' vital components, icing in fuel systems. Problems also were noted with enginie
clogging of critical areas with blown snow, starting at high altitudes. This indirectly
and the necessity for airport snow removal. caused failure of' one engine. l)uring at-
Examples of impairment of aircraft opera- tempts to st;ri, at progressively higher
tion from these causes as observed in field ý''evattions. tuilpipe temptratures became in-
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Figure 4.9. Attenuation of visibililty by w/owing snow
(Phioto by R. W. GerdeI)

creasingly critical. Tem~peratures were re- disassenihly revealed that all blades were
corded carefully, and during the last starting burned on the first-stage turbine wheel,
attempt, the temperature exceeded the
authoriz~ed limits, This last attempt was at Icing within fuel systems warn a recurring
an elevation nf 10,500 ft at a temperature problem. Water contained in thie fuel,
reading of - 27 nCc Three starting sequences possibly in susnenision, could n~ot be sepa-
were aborted due to high tailpipe tempera- rated filly during refueling operations utiliz-
tures. On the fourth attempt, the tailpipe ing available stru~ners, Frequent draining of
temperature exceeded 760*C. The engine !he fuel punip'q at regulai intervals was
start was successful but attempts to accel- reqt~ircd to prevent freezing of the trapped
erate resulted in compressor stall and th,ý watcr.
engine speed required for takeoff could not
be attained. A new engine was isistpied and In 1960 Operation Lead Dog (;onducted
a successful start was accomplished. Inspec- operations over the Greenland Ice Cap fromn
tion of the replaced engine following Camp Tuto to Crown Priure Christian Land
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and to Peary Land (Ref. 22). Htelicopters Series as well as in Chaps. 3 and 5 of this
were used in this operation along with other part.
types of aircraft, Whiteout and grayout were
encountered, resulting in blending of the sky In general, most vehicular problems en-
and ice cap, thereby eliminating the horizon countered in the desert environment are
and making it impossible for pilots to caused by sand and dust and by extreme
determine visually the altitude of aircraft high temperatures, Vapor lock is a problem
above the snow surface. It was concluded caused by high temperatures but can be
that it Is unwise to attempt operations prevented, Vehicle mobility in deep sand
during periods of restricted visibility on the and powdered clay is inadequate in many
ice cap. In several Instances aircraft were cases and the entrance of sand, dust, and
able to carry out operations on the landmass grit causes personnel problems as well as
but could not return to the ice cap base problems with the operating mechanisms of
even though it was only 6 mi away and vehicles. Transmissions and engines fail much
clearly visible from the edge of the ice cap. more rapidly than in temperate uses. Bat-
Another environmental problem encountered teries rapidly deteriorate in desert regions
involved parachuting of supplies by aircraft, because of the high temperatures. Satisfac.
In high winds parachutes would drag after tory fuels and lubricants are available for
hitting the ground and disperse their loads desert operations, but contamination, pri-
over large areas since the terrain presented marily with foreign particulate matter in the
no obstacles to prevent dragging, An auto- form of dust and grit, is a serious problem,
matic release on the parachute straps was
recommended. Overall, during 35 days that Special equipment Is required to supply
the helicopters were assigned to the opera- cool air in enclosed spaces and to maintain
tion, weather interfered with flying operau proper relative humidity for human comfort.
tions on 17 days. This equipment cannot completely filter fine

sand and dust from intake air, thereby
Operation Pole Hop in 1960 carried out causing discomfort to personnel, especially

aerial operations in the polar basin north of iii moving vehicles. The problems associated
Ellesmere Island in order to study logistic with photographic equipment in desert
and operational capabilities in extreme regions are those attributable ,irimarily to
northern regions (Ref, 23). Problems were the high temperatures, which cause changes
experienced with the removal of ice and in processing variables and rapid deteriora-
snow from engine, control surfaces, and tion of both unexposed and exposed film.
wings of UIA aircraft following snow Shelter in desert regions Is not nearly so
storms. The engine, cowling, carburetor air significant as in arctic regions, yet, in many
intake, and, hollow surfaces of the empen- cases, must be provided for protection from
nage became glazed with ice, The ice and heat and high solar radiation. Problems with
snow could only be removed with heaters, electronic equipment in desert operations
400,000-Otu units iLing required to thaw involve the high temperature and the
the large surface areas involved, ambient solar radiation. High temperature

limits are summarized in Fig, 4-10. Hot
spots develop around operating components

4-4 IMPAIRMENT OF OPERATION EXE. that dissipate heat and are further aggravated
CUTION-DEBERT CLIMATE by direct exposure to solar radiation. Fine

sand and dust also contribute problems by
The major characteristics of desert en- infiltrating mechanical moving parts, thus

vironments are high temperature, high solar causing excessive wear and, on occasions,
radiation, and low rainfall, Deteriorative failure of equipment, Generally. in desert
effects of these factors on materiel are areas electronic equipment must be provided
discussed in Part Two of this Environmental dust-free ventilation and cooled air to
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maintain operational reliability. Table 4-15 wheeled vehicles equipped with standard fuel
presents some of the difficulties produced pump! could be operated without vapor lock
by the desert environment on various types occurring, During another test, the only
of round support equipment, wheeled vehicle found suitable without

modification was the M135 Cargo Truck,
A number of field exercises have been which was equipped with a submerged-typ'

conducted to determine the effect of the electric fuel pump as standard equipment. In
desert environment on military materiel and general, the replacement of the standard fuel
personnel. Most of these hale centered pump with a submerged-type pump elimi-
around evaluation of vehicular performance nated vapor lock. Most main engines in
and capability. Summer desert tests were tracked combat vehicles tested at Yuma
conducted at the Yuma Proving Ground on appeared to be immune to vapor lock. In, all
the performance of ordnance vehicles and cases, however, auxiliary engines with which
equipment (Refs. 25-27), As a general rule, they were equipped experienced severe vapor
these tests revealed that problems resulting lock and required major corrective treat-
from severe mechanical and thermal stresses ment,
imposed by desert operating conditions are
not unusually serious or difficult to solve. The main engine fuel system for the 155
Transport vehicles, combat vehicles, and mm self-propelled gun (T97) experienced
miscellaneous components were tested, Ex- incipient vapor lock with the A41-2 auxili-
amples from these tests of the effects of the ary generator engine. During these summer
desert environment on vehicular performance tests, a number of transport vehicles were
are summarized in the subparagrophs that tested for vapor lock characteristics during
follow, operation at Death Valley, Calif. The

M38A1, M37, MMS, and M54 Truckc, all
4.4.1 MOBILITY equipped with standard fuel systems, failed

to meet vapor lock specifications.
Thý mobility testing of wheeled vehicles

confirmed previously developed data indicat- 4-4.3 VEHICLE COOLING SYSTEMS
Ing that decreased tire pressures increase
vehicle mobility in loose sand, enable Wheeled vehicle cooling systems func-
vehicles to climb steeper grades and longer tioned satisfactorily during the engineerir%
slopes, increase draw bar pulling capacity, and cross-country cooling tests conducted in
and decrease resistance to towing. In addi- desert tests under moderate stresses with the
tion, comparative tests between single- and exception of one vehicle With more rigorous
dual tired vehicles of similar types clearly test conditions, the cooling systems generally
reveal the superiority of' vehicles equipped did not function satisfactorily. The cooling
with a larger size single tire in traversing systems of tracked vehicles were generally
level sandy terrain or in traversing prepared adequate for moderate test conditions but
or unprepared sand dunes or other types of were inadequate in more rigorous conditions,
deep, loose sandy terrain, In tests at Death
Valley, Calif,, the mobility of the T43EI The lightweight, general utility, 1/4-ton
vehicle was hampered by the protruding truck failed to meet cooling specificationm.
guns striking the ground when traversing Cylinder head temperatures, the most criti-
gulleys, not uncommon in desert ,reas, This cal, exceeded 525°F during road tests at an
is a general problem with vehicles carrying ambient temperature of 105*F. 1741 throttle
long-barreled weapons, cooling tests at engine speeds above 1,800

rpm were not conducted because of' the

4-4.2 VAPOR LOCK critical cylinder head temperatures. The
1/4-ton ambulance (M170) failed to meet

In one desert test, only a few types of' cooling requirements because gear and trans-
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TABLE 4-16.
DIFFICULTIES PRODUCED BY THIS DESSERT ENVIRONMENT ON VARIOUS TYPES OF GROUND

SURFORT E(•IJIPMINT (Ref. 13)

Sm
l•tertel [nvt ronmntal effect Remedy

Electronic
e qu I Fm.•

Dust and sand penetrate defe¢- Homeric seal•; use of,
t!ve seal• and packings, some packtng end greases ap-
greases fat1 at htgh desert proved for desert use;
temperatures, and shock end vibration- and shock-
vtbret!on cause damage due to proof mountings; weJ•ht
rough desert terretn, reduction and greater-• strength of structural1 !'•

detalls of components and I

unt ts are required.

Components Functional characteristics and X• desert areas the re- ,,
equipment ltfe are reduced by qutrems•t for posttfve
the hfgh temperatures genp-ated heat dissipation ts most

m wtthtn the equ•,pmnt ttsel•. Important, Continual ,,
The high atmospheric temperatures vigilance ts necessary ,'and ever-present, dust are second- and Inspection. cleaning•

ary considerations, and matnt, enance schedules -
must be Stepped up to meet

Sday-to-day condltlons,

She1 ters

Wgoden Duckllng of large wood or steel
shelters secttons ts posstble where r

sufficient allowance for expan-
sion Jnd contt.act•on has not
been prey1 ded.

' Patntkd Wind-born sand |s abrasive and
! surfaces damages pained surfaces,

The htgh dayttm and low •nerally, patnt perfor-
ntghttl• tmperatures cause mance in hot c'ltmates ts

Smat•rt•ls to expand and contract very poor, repa|nttng
in a continuous cycle. This being needed every 1 to
ca.ses premature failure of 3 yr. dependtn• on
brtttie pa;nt films and glued the locality and type of
jotnts, pat nto
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TABLE 4-156 Continued).
DIFFICULTIES PRODUCED BY THE DESERT ENVIRONMENT ON VARIOUS TYPES OF GROUND

SUIPIORT EQUIPMENT (Pof, 13)

Materiel Environmental affect Remedy

Ventilation Inside air temperature of enclosed Suitable ventilation should
spaces may be as high at 40 to be provided, but this pro-
60 deg F abov, ambient. I'he fact vision of airflow will be
that ambient temperature may go as complicated if the area is
high as 130 0F and higher makes subject to sand storms.
this problem critica

Foundations In windy areas, sand may be blown This can be prevented byaway fro beneath foundations. adding to the depth of thewall beneath the surface,

or by placing the shelter
in a position where it can-
not be undermined by the
wind. Foundation con-
struction is greatly sim-
plified, because the sand,
when confined and compac-
ted, makes an excellent
base. Desert areas pro-
vide very suitable foun-Sdations.

Masonry Stone and mud bricks are the only There are few climatic and
and available building material. environmental factors that
earth promote undue deterioration

in masonry materials; in
fact,the chief agencies of
deotruction in the temper-
ate zones (frost and cor-
rosive gases) are virtually
absent in the desert.
When soundly constructed,
earth shelters may last for
a very long time in dry
climates. The princ ipal
factor deteriorating such
shelters is water.

Roofs Intense solar radiation makes All buildings should be
indoor temperature extremely designed with particular
higli unless adequate roof in- attention to roof insula-
sulation is provided. tion, either by double

roofs or suitable insula-
ting materials, or hoth.
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DI FFICULTI ES PRODUCED BY THE DESERT ENVIRONMENT ON VARIOUS TYPES OF GROUND
SUPPORT EOUIPMENT 11110. 121

Materiel Envi rouuuental effect Romedy

~Lubricant~

Dust and sand in conjunction with Frequent inspection,4
shock and vibration In the desert cleaning, and excel lent
permit erosive materials to pass maintenance are required
screens and seals into lubricants to keep dust and grit out
and cause excessive wear on all of lubricants.
moving or bearing surfaces.

Air cleaners become quickly clog- Clean air cleaners every
ged, resulting in quick cylinder 10 hr.
and ring wear by the entrance of
grit to the lubricating system.

See "urcns"See, "Lubricants ,'
Table 4-16.Tal416

Electrical -

power gener-ating equi~p-
Ment

Gasoline and The major difficulties of diesel The difficulties, asI
diesel and gasoline power plants aggra- compared to vehicle power
driven vaced by the desert are those plants, are generall1y
generating caused by sand and dust, high alleviated by their in-

equipment atmospheric temperatures, and herent installation, being
intense solar radiation, sheltered from blowingI

sand and dust and in-
tense solar radiation.
The difficulties exist
unrelieved for portable

and unsheltered engines.

Generators Wear of carbon brushes is exces- The conditioning of theI
and motor sive in dry atmospheres. atmosphere appears to be
generators the solution.

Bearings seize at extremely high
amb~ient temperatures. The dif-
ferent coefficients of expansion
of bearings and Journals cause
seizing and also Increase wear.

Elpctric motor ball bearings Silicone-lithium soap
W~l prematurely at high el e- greases give satisfactory
vated ".erperaturcs (isaaC) be- 1,000 hr continuous
cause of poor lubrication and operation at 150*C with-
bearing design. Also lubricants out regreasing.
flow out of bearings and attack
insulation.
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DIFFICULTIES PRODUCED BY THE DESERT ENVIRONMENT ON VARIOUS TYPES OF GROUND

SUPPORT EQUIPMENT (Ret. 13)

Materiel Environmental effect Remedy

The lubricating system
should be so designed
that the fluid bled from
the grease will migrate
into the bearinq.

Dry wll At high temperatures dy cell Dry cell batteries should
batteries batteries corrode at an in- be stored at temperatures

creased rate, leading to an between O0 and 400F. Re-
excessive drying and a de- tention of 982 of their
crease In electrical capacity, capacity for two years is
This problem is particularly thus possible, When vt-
critical during storage. frigeration facilities at

these low temperatures are
not available (and gener-
ally they are not), storage
at temperatures of 350 to
45*F obtained in most types
of refrigeration units will
considerably improve shelf
life.

Wet cell The effects of high temper,.ure These difficulties can be
batteries on lead acid batteries are: overcome by:

(1) loss of capacity during (1) recharging
short storage or idling
(2) deterioration during long- (2) cool storage
term storage
(3) loss of water (3) replenishing of lost

water
(4) shortened life. (4) avoiding internal heat

due to solar radiation and
by proper maintenance and
Installation.

Vehicles

Self-pro- The major operating problems Sealing, filtering. and
polled confronting all types of screening should be used

vehicles in the desert are where possible. Inspection
those caused by contact with and maintenance should be
sand and dust, rough terrain, complete, frequent,and
daily high atmospheric tom- periodic with short Inter-
peratures,and the high inci- vals for vital parts. Heat
dance of ozone and solar resistant materials and
radiation. coatngs should be used.

Trained, experienced opera-
tors should be employed.
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",ABLE 4.15 (Continued).
DIFFICULTIES PRODUCED BY THE DESERT ENVIRONMENT ON VARIOUS TYPES OF GROUND

SUPPORT EOUIPMINT (Re.# 13)

Materiel Environmental effect Remey

Rough terratii and lack of roads
cause abnormally high stresses
resulting in excessive breakdowns.

Power plants Engines are inclined to overheat Operate engine within or
In the desert. below capacity. Keep

system filled with corro-
sion resistant coolant.
Meticulous maintenance
is required.

Vapor lock may occur In high tem- Fuel pumps and fuel lines
peratures especially if combined should be located in a
with low atnospheric pressure. free flow of air and away

from the heat source.
Insulation protection may
be installed. Temorary
expedient wet cloth wrap-
pings may be used, Sub-
merged fuel pumps pre-
vent vapor lock.

Engine attachments are subjected Design of thicker, heavier
to heavy stresses in desert parts, or selection of
terrain, Brackets such as the special metals for parti-
oil filter bracket, crankshaft cular p&,' 4s to provide
pulleys, fan belts, water pumps, greater ... rength and
exhaust piping,mufflers, and longer life.
other auxiliaries, including
instruments and panels, have not
possessed the required strength
for durability and reliability.

Transmission In general, filler plugs for Plugs should be designed
and Gearing transmission and transfer cases to provide ease of removal

are often difficult to remove. and replacement. Plugs
Frequent shifting of gears in should be frequently in-
difficult and deep sand terrain spected and carefully main-
causes accelerated wear. tained and cleaned before

replacing. Automatic
transmissions should be
durable to meet desert
stresses and shift me-
chanisms should be easily
operated for frequent use.
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TABLE 4-15 (Continued).
DIFPICULTIES PRODUCED BY THE DESERT ENVIRONMENT ON VARIOUS TYPES OP GROUND

SUPPORT EQUIPMENT (Ref. 13)

Materiel Environmental effect Roewdy

Chassis Rubber, natural and synthetic, ,o acceptable solution has
deteriorates when exposed to been obtained. However,
heat, light, oxygen, or ozone. 100 % GRS synthetic rubber
This affects mountings and has stood up well for
seals in .ddition to tires. engine mountings and brake
Tire life is short in the hot, cylinder cups. As a coat-
rugged, sandy terrain. Ing for rubber parts ex-

posed to the desert atmo-
sphere, vinylite seems
best. Reduced tire infla-
tion aids mobility.

Traction The deep sand and powdered clay The use of single, par-
of the desert give poor traction tially inflated tires has
surface to wheeled vehicles, been more satisfactory
Powered wheels dig themselves than multiple tires. Mod-
into ruts and heavy loads aggra- *rate application of the
vate the condition. Dual wheels available power by expe-
and tires have proven to be less rienced drivers is best
effective than single tires. for starting the horizon-

tal movement. Oversize
balloon sand tires are
helpful.

Brakes Sand and dust cause excessive Brakes must be shielded from
wear. sand and dust.

Preservatives Cooling systems hecome clogged These problems usually can
with rust, Crankcase develops be corrected by frequent
sludge. Bearings corrode. inspection followed by
Exhaust valves stick. necessary maintenance.

Correct pH values for
coolant may be determined
by a phenophthalein In-
dicator, Engine sludge
can be prevented with
covers and seals and with
mai ntenance; bearing
corrosion by the use of
the proper lubricant.

Lubricants Observations show that heavy Careful, frequent In-
dust required changing oil spection and maintenance
cleaners every I0 hr and with special attention
lubricating oil about every to seals, covers, and
150 hr. In high atmospheric packing is required.
temperatures, grease is
thrown out of the bearings
and becomes unstable in
storage.
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TABLE 415 1COMwisd).
DIFFICULTIES PRODUCED BY THE DESERT ENVIRONMENT ON VARIOUS TYPES OF GROUND)

SUPPORT EQUIPMENT (Ref. 13)

Material Environmental effect Remedy

Trailers The effect of high temperatures Air cooling systems, either
on the ability of personnel tu permanently installed or
work efficiently is the limiting external, are a necessity
factor of trailer operation, for maximum efficiency.

Also paint exterior sur-
faces white.

Electronic components required to
operate at high temperatures of
about 1656F suffer a serious re-
duction in life.

Excessive wear of moving parts is This is a problem of con-
caused by fine sand and dust. tinual maintenance with

particular attention being
paid to air and lubrication
filters.

Vibration and shock induced by
poor roads and rough terrain
cause excessive damage to equip-
ment items installed in trailers.

Spao• parts Tires and rubber parts suffer Rubbsr cured under strain
ozone cracks when exposed under cracks faster than when
strain, cured at rest. Tires and

other rubber parts in open
storage should be covered
with butyl sheath or water-
proof paper. Two percent
wax incorporated in rubber
compounds protects against
ozone cracking.

Exposure to direct sunlight causes Avoid exposure to direct
a cracked condition on the sur- sun rays.
face which is quite different
from that produced by ozone.
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mission oil temperatures were high. The consideration in ballistics. Highg daytime
I/4-ton utility truck (XM 151) failed to meet temperatures and the consequent decrease of
cooling requirements under more severe air density are important in ballistics and
operating conditions because temperatures of may also create a need for longer aircraft
various critical items exceeded the specified runways.
limits during full throttle vehicle operation
at 100*F ambient. Cooling characteristics 4.4.5 GENERAL OPERATIONS
probably would be borderline for road load
operations at 125*F ambient temperature. During cross-country operations, dust
The 2-1/2-ton cargo truck (M35) would not clouds produced by tracked vehicles limited
meet cooling specifications during the more visibility to a considerable extent and
severe throttle operations at low road betrayed position. During tests of tracked,
speeds, Failures experienced during the a.,mored infantry vehicles, personnel corn-
10,000 mi lubricant test included excessive partment temperatures range from 15 to 18
ring and pinion gear wear on the M37 deg F above the prevailing ambient tempera-
Truck, a center main bearing failure on a ture, causing considerable crew discomfort.
M35 Truck (attributed to high engine-oil Opening of ventilation ports allowed dust to
temperature), and two transmission failures enter the personnel compartment, also caus-
on M211 Trucks, ing crew discomfort. The provision of

respirators for crew members and passengers,
In the combat vehicles, cooling character- as well as improved methods of air intake, is

istics of standard M48 vehicles were found desirable. Dust conditions impaired the
to be unsatisfactory because cylinder head cooling ability of combat vehicles after short
temperatures reached 534'F during tests at periods of cross-country operation, High
107*F ambient, ambient temperatures, solar radiation, heat

transfer from power packages. and dust
4-4.4 WEAPONS AND RELATED COMPO- conditions caused discomfort and fatigue to

NENTS operating personnel. The transmission and
Mo ddengine control linkages of combat vehicles
SMost weapons tested required special frequently experienced malfunction because

* emplacement on the gravel and hard ground of the entrance of dust during cross-country
terrain found in the desert environment. vehicle operations. Entrance of dust through
however, the 105 mm howitzer seated the air cleaners, combustion-air Induction
satisfactorily in all types of desert terrain, systems, and other openings still presents a
Ammunition functioned satisfactorily al- major problem to combat vehicle engines,
though obscuration resulting from the effect
of muzzle blast represented a minor prob- Heat and type of work dictate the
lore. The TI56EI Telescope, the M20AI amount of watei needed by a person in arid
Periscope, and thie T46EI Rangelinder on and semiarid areas. A man's daily water
the fire control system or the M48 Tank did requirement while doing strenuous work is
not maintain alignment during a 500-mi 25 quarts when the temperature is 1200F,
cross-country test. The firing of rocket 10 times his requirement when the fempera-
launchers from dry desert soils resulted in a ture is 60'F, Operational effectiveness be-
large dust cloud, which could reveal the conie•s impaired rapidly when water intake is
launcher position, seriously deficient. Survival time for men

without water is only 2 or 3 days when the
The variation of temperature with height mean temperature is above 900F.

over arid and many semiarid surfaces
produces a tendency for stable air conditions Excessive heat nudawes a reduction in tile
during the night, an important consideration quality or performance of skilled tasks.
in employment of chemical agents and a While little difference in quality has been
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noted between work done with temperatures Environmental control equipment in tropi-
in the 80's from that with temperature in cal areas is employed primarily to cool and
the 70's, deterioration increases quickly as dry the air. Because the Tropics ideally are
the temperature climbs from 90* to over suited to growth of microbiological orga-
l00*F. Although the heat commonly experi- nisms and many forms of macrobiological
enced in the very hot and extremely hot organisms such as insects, there are signifi-
climates greatly increases man's need for cant requirements in controlling these en-
water, average food intake has been found vironmental fiactors. Termites are a very
to diminish by as much as 10 to 15 percent. significant problem In the Tropics and attack

virtually all items in which cellulosic mate-
High temperatures affect storage of perish- rials are used. Fungi rapidly attack virtually

able and volatile supplies. Food storage is all kinds of textile and leather materiel
most critical, both because the deterioration unless proper control is applied. Photo-
rate is more sensitive to temperature and graphic equipment in tropical areas is subject
because it is less safe to use questionable to corrosion, particularly interior metal
supplies. P:arts, to the extent that the equipment

rapidly can become inoperative, The prob-
4-5 IMPAIRMENT OF OPERATION EXE. lem of stallng out moisture in photographik

CUTION-TROPICAL ENVIRONMENT equipment is acute.

The most commonly discussed effects of
environment in the Tropics on materiel are Most of the problems associated with
deterioration and corrosion. So overpowering shelter in the Tropics are those involved in
are these effects that most of the literature providing protection of equipment and
concerning the tropical environment and its personnel from insect attacx, high humidity,
effects on materiel are devoted to descrip- and high temperature, Because of the
tions of these deteriorative processes, Al- severity of the termite damage problem, it
though deterioration occurs in other environ- must be considered in the construction of' all
ments, it occurs much more rapidly (particu- shelters in the Tropics.
larly the growth of fungus) in the Tropics
and the resulting deterioration can be Electronic equipment is severely tested in
surprisingly rapid. Because of the abundance the tropical environments, It is necessary to
of moisture In the tropical environment, combat moisture, fungous growth, and the
metallic corrosion is rapid. Since deterlora- ingress of insects that feed on organic
tive processes are most severe in the tropical material or spin webs that act as conductors
environment, the major discussion of tropi- when wet. Much progress has been made in
cal environmental effects on materiel is tropical proof'ing of electronic equipment;
contained in par. 4-6, "Impairment of however, constant inspection and care are
Operational Readiness". still required to insure operati in in the

tropical environn' ent. Ground electronic
Rain and moisture, high ambient tempera- equipment should, wherever ,possible, be

lures, biological attack, and solar radiation installed and operated in houses and shelters
are the primary environmental factors that that provide temperature and humidity
produce deleterious effects upon materiel, control and protection aga...t insect attack.
Such radiation is not as significant a factor, Storage of' equipment and repair parts is also
however, as in the desert environment, extremely important since these components
Elearical power-generating equipment that also are attacked readily by the tropical
employs wet cell batteries encounters diffi- environment. Table 4-16 details some of the
culties In the Tropics as In the desert regions difficulties produced by the tropical environ-
because of the accelerated deterioration of ment or various types of ground support
cells at high temperatures. equipment.
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TABLE 4-16.
DIFFICULTIES PRODUCED BY THE TROPICAL ENVIRONMENT ON VARIOUS TYPES OF GROUND

SUPPORT EQUIPMENT IRef. 13)

Materiel Environmntal effect Reedy

Electronic
equipment

Moisture due to heavy rainfall Air conditioned spaces
and high humidity is the basic control the humidity and
cause of corrosion and fungous the temperature, eliminat-
growth that quickly result in ing the first two of the
malfunctioning, deterioration, following four require-
and ultimately in the destruc- ments for fungous growth:
tion of electronic equipment. (1) humidity, above 70%
Similar difficulties occur in (2) temperature, above
radar, radio, or control units 50 0F.
without distinction as to the (3) food for the fungi,
equipment function, and

(4) oxygen.
Selection of fungus-proof
materials is a means for
the control of fungous
difficulties. Coatings
have been developed that
give very good protection.

Fungous growths may appear on any Fungous growth is best
material. The most vulnerable controlled by air-con-
are cellulose, cordage, cotton, ditionod spaces. Circula-
Felt, glue, leather, paints, tion of dry air and the
paper, phenolics, varnish, and application of fungus-
waxes. They also attack instru- resistant materials
ment lenses and windows. Rough assist in preventing
surfaces support the growth. growth. Cleaning, oiling,
Fungus reduces resistance be- careful detailed Inspec-
tween parts, causes currents tion of small parts, ex-
and cross talk. cellent maintenance, the

use of fungus-resistant
coatings, hermetic seals,
and desiccants as appro-
priate and practical are
the usual methods of con-
trol. An., method that
either eliminates moisture
or maintains the tempera-
ture below 50*F will
eliminate fungus.
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TABLE 4-16 (Continmd).
DIFFICULTIES PRODUCED BY THE TROPICAL ENVIRONMENT ON VARIOUS TYPES OF GROUND

SUPPORT EOUIPMENT (Ref. 13)

Materiel Environmental effect Remedy

Shock damage Is aggravated In the Shock damage is prevented
tropics by corrosion and flingous by careful handling,
damage that follow the breaking proper storage, reusable,
of seals or other protective well constructed contain-
measures. ers having molded or

other cushioning supports.
Materials should be re-
taned in their original
package until their use is
required. All packages
should be ruggedly designed
to withstand rough
handlinq.

Components Electronic components in every Equipment str iding Idle or
day use in areas of high mooIs- in storage, ,f not phuk-
ture cJntent escape, for the aged to sea) out moisture,
most part. the damage suffered must be kept dry or else
by crponents standing idle or be thoroughly dried out
in storage, The heat generated before being put intm
during periods of operation is service. Wherever possible,
sufficient to keep equipment componesits should be her-
dry and thus free of fungous meticlly sealed as added
growth. protection against mois-

ture and funqus.

Lubricants

Wheel and Somn greases, designated for Care must be exercised in
bearino use from -65" to 1256F are un- selecting a grease that
arease satisfactory for wheel, ball, satisfactorily meets the

and roller bearings in tropical requirements for tempera-
climates because 6hey become tures and water conditions.
fluid arnd are not water repellant.

Oil seals 011 seals in gear boxes lea~k at Use of a heavier lubricat-
high temperature. ing oil 6revents seal leaks.

Gears and r.arm- and gear boxes become con- Means for rust inhibiting
gear boxes ,oded and rusted after pe-iods aad corrosion protection

cf storage, must be incorporated in
the regularly used oil.
Seals against the entrance
of moisture should be
provided.
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DIFFICULTIES PRODUCED BY THE TROPICAL ENVIRONMENT ON VARIOUS TYPES OF GROUND

SUPPORT EQUIPMENT 1R11. 13)

Materi el Environmental effect Ruiedy

Ba1l bearlings Ball bearings cause trouble by Ball bearing lubricants
failure of lubricants at high meeting high temperature

t temperatures. requirements give the belt
resul ts.

Gasoline Steel gasoline storage tanks cor- Coated tanks should be
storage rode. employed.
tanks

Gasoline tanks deteriorate from Coatings for gasoline tanks
molds and bacteria, must incorporate a biostatic

agent.

Shelters

Wooden Subterranean termites, abundant Proper construction and use
shelters in the tropics, attack spora- of termite resistant or

dically and destroy wooden chemically impregnated wood
members. are the best preventive

measures. All wood In or
around the ground near the
shelter should be removed
to prevent termites from
starting a color.j, Wooden
members should not come In
contact with the ground or
near it. Shrubs and trees
In contact with the shel-
ter should be avoided or
removed.
The best type of foundation
is reinforced concrete,
free from cracks. This
type of foundation prevents
termites from entering and
forces them to build mud
tunnels over the foundation
which can be detected by
frequent inspections.
Placing of metal shields
between the foundation and
superstructure forms a
barricade which increases
the effectiveness of a
suitable foundation.
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TABLE 4-16 (Continuedl.
DIFFICULTIU PRODUCED BY THE TROPICAL ENVIRONMENT ON VARIOUS TYPES OF GROUND

SUPPORT UOUIPMUNT 1Re10. 13)

Materiel Environmental effect Remedy

Many species of fungi cause wood The preservation of wood
decay. against decay depends on

the use of we)l-seasoned
durable woods, suitable
wood preservatives, pro-
visions for adequate
ventilation between floor
and the ground, and steps
to prevent prolonged con-
tact with water. Wood,
when kept dry, Is imper-
vious to fungous attack.
In order to decay, it
must contain moisture in
an uiount of 20% or

tgrater, of its weight.
I tis important that no
paint be applied to wood
until it has dried out
thoroughly. Good quali-
ty coal tar creosote is
one of the best preser-
vatives. Usually, woods
treated or naturally re-
sistant to termites are
resistant to fungi.

Cement and Algae growth may cause surface
concrete staining and mild etching of

concrete, cement mortar, and
cement painted surfaces, and
shorten the life of cement
paint coatings.

Elactrical power
generating
equiument

Gasoline and The major difficulties of gaso-
diesel lime and diesel engines are simi-
driven gene.- lar to those listed under
rating equip- 'Vehicles.
mtnt

Generators Moisture corrodes metal parts, Commercial equipment that
and motor short circuits wiring, and is not tropicalized will
generators increases operating maintenance, always fail in the tropics.

Corrosion jams governor mecha- It should be avoided.
nisms and commutating brushes.
"Fungus spreads rapidly on in-
sulation that has not beer
fungus proofed.
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TABLE 4-16 (ConwAuedh.
DIFFICULTIES PRODUCED BY THE TROPICAL ENVIRONMENT ON VARIOUS TYPES OF GROUND

8UPPORT EQUIPMENT (Ref. 13)

Materiel Environmental effect Raedy

Wet cell (See Table 4-15, under "Electri- (See Table 4-15, under
batteries cal Power Generating Equipment".) "Electrical Power Gener-

ating Equipment".)

Vehicles
Self-propolled The difficulties in the tropics Proper lubricants and

are due to heavy rainfall, high coatings for materials off-
humidity, fungi and other biolo- set humidity and biological
gical growths. growths. Solar radiation

difficulties are overcome
by simple shelters or
covers. Provision for
drainage and breathing must
be provided in all closed
spaces.

Trailers The major problems are the deg- Most types of trailers,
radatton of materials under the particularly those within
influence of moisture and fun- which personnel must work,
gous growth, and the discomfort lend themselves to the
of personnel. installation of air con-

ditioning equipment.
Where not possible to
employ air conditioning,
the solution to the pro-
blem becomes one of con-
tinuous inspection, care,
and maintenance to keep
the components dry and
operable.

Dollies The major problem is the co- Maximum application of
rosion of unprotected materials surface protectives and
caused by contact with moisture, continual removal of

moisture are required.
The most dependable ro-
tection is afforded by
air conditioned shelter
or by the use of an
external source of dry
air.

Spiro parts Sam as dollies. In addition to the infor-
mation on dollies above,
it is imperative that
parts in storage be
properly packaged to seal
out moisture.
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DIFFICULTIES PROflUCED BY THE TROPICAL ENVIRONMENT ON VARIOUS TYPES OF GROUND

SUPPORT EQUIPMENT (RA. 13)

M ateriel Environmental effect Remedy

PhotographicS... uimuiflt

Cameras Cameras give troo'ble by fogging Tropicalizatlon of camera
and misting of glass components, equipment in which all
biological infestations, mold possible measures are
growth, drying out of cements taken to seal out moisture
and sealing materials, and do- and keep interior spaces
posit of volatile components dry will produce the best
of lubricants and greases. results.

Functional units such as gears, Protective finishes have
cains, and shafts corrode not been entirely satIs-
readily, factory. Application of

a thin film of oil or
grease which is continually
renewed is the best pre-
ventive.

The watch-like construction of Continual nleahing is
between-the-lens mechanisms essential to insure re.
renders them especially suscep- roval of moisture.
tible to rust.

Rusted roller pivots cause slow Same as previous two
end erratic curtain speeds, and remedies.
trip levers of focal-plane
shutter curtains function im-
properly. The shutter-tripping
mechanisms may be impaired by
rust on either the trip lever,
cam stop lever, or snubber
segment.

The normal gliding action between Same as previous two
the retard segment or pal'let is remedies.
lost if rusting occurs on either
part.

Optical Oondinj cements deteriorate under There is no completely
cements prolonged exposure to sunlight satisfactory all-purpose

and moisture, showing rainbow- cement- however, this
like patterns and edge separation, situation is improving.
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TABLE 4.16 (Continued).
DIFFICULTIES PRODUCED BY THE TROPICAL ENVIRONMCNT ON VARIOUS TYPES OF GROUND

) SUPPORT EQUIPMENT (Ref. 13)

Materiel Environmental effect Remedy -

Projectors Projector equl pnt is usually Adequate preventive mainte-
more permanently Installed and nance and careful super- -t
much more likely to be adequately vision can insure msximu 1.
sheltered than cameras; however, reliable operrtion.all of the difficulties en-

countered are the same as for
cameras.

Film Exposed, developed, and unexposed Photographit film and 14
film alike suffer from deterto- plates must be protected
ration typified by etchin% and from temperatures In ex-
spotting. cess of 606F, and papers,

70*F, and relative humi-
ditite maintained between
40 and 60% for optimal
resultss.

Photographic film and plates, Incorporating fungicidds
after prolonged exposure in in the emulson has not
areas of high relative hwnidi- been entirely satisfacto'y,
t , become attacked by microbes Minor fungous damage can
which will everitually liquefy be repaired by certatin
or consume the gelatiS. Fun- cleaning methods. An
gous attack is sometimes asso- extreme y thin film of
ceated with infestation by wax applied to the sur-
mites, face is beneficial.

For long-term Itorage,
film must be cleaned and
dried at regular intervals.

Heat, like moisture, makes film Film should not be stored
soft and pliable and reduces at temperatures In excess
tensile strength, while very 0f 70OF nor lower than
low temperatures, on the con- 50F.
trary, make it brittle. Emulsion
coated film is more brittle than
the base alone.

Electrical
systems:
permanent and
•ortable field
Ighting,

floodlights
and components

In the presence of high humidity, Humidity control measures
materials such as phenolic resins, or the removal of the con-
Insulating tape, and cadmium- tamina~ing materials from
plated materials corrode. contact with the cadmium-

plated materials will con-
trol the corrosion.
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TABLE 4-16 (Cwtinued).
DIFFICULTIPS PRODUCED BY THE TROPICAL ENVIRONMENT (lN VARIOUS TYPES OF GhOUND

SUPPORT EQUtNIMNT (Ref. 13)

- ateri1el Environmental effect Remedy
S.. . m .;:-- *1
Electrical Insects and rodents are a pri- RutpIofing and sciening

generation mary sotrc* of trouble for of enclosures, fran enng

and electrical systems in the inspection, and good
distribution Tropics. maintenance eliminate
systems insects and rodents.

Cable Cold rubber cable has poor re- The use of cold rubber
tistance to water, hamidity, cable should be avoided In

sunlight, ozone, fungus, oils, the desert and Tropics.
and greases. Insulating compounds have

barn deveolped that are
for superior and whose
phyfical and chemical pro-
partiot are excellent.

Wooden cable reels decay, when Creosote its a standard
expasoO to high humidity and preservative and can be
temperature, to such an extent used; however, the treat-
that it is extremely difficult, ed reels cannot betaint-
if not impossible, to unwind ed or stenciled wi
the cable. code numbers and identify-

ing marks. Creosoted wood
will bleed from the effect
of intense solar radiation
after rains, thus losingits usefulness.
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The major factors affectinig operational difficulties occur in other environments.
*) execution involve terrain and terrai, inter- However, in the tropical environment (par-

faces; e.g., in amphibious operations involv- ticularly in tropical jungles), the normally
ilg land areas protected by barrier reefs, the heavy rainfall results in large numbers of

Y reefs impose significant obstacles to the streams, As a result, the number of
approach of landing craft and, when corn- land-water interfaces encountered in travers-
bined with high wind and waves, can ing jungle terrain can make this factor more
become significant hazards to operations, significant. Inadequate drainage and soft soil

types in many cases impair mobility of both
Rugged terrain typical of some mountain- men and materiel (see Fig. 4-1I). Swampy

ous tropical areas poses a barrier to the areas are more common in the Tropics and
mobility of men and vehicles just as s'ich generally are relatively impassable to man on
terrain does in all climativ areas. Land-water foot and are frequently formidable to
interfaces cause difficulties in the *ropical vehicles as well. Mud and its effects on
environment in the same manner that these vehicular and personnel mobiliLy find ample

Figure 4.11. Personnel Mobility

in # Tropical Climate (Ref. 2)
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representation in the Tropics (see Fig. 4-12). tropical environment causes a performance

decrement in personnel.

As a result of warm temperatures and
heavy rainfall, tropic vegetation Is thick and The attack of the tropical environment on
lush. From an operational standpoint, the clothing and items of personal equipment,
thick tropical vegetation characteristic of including boots, belts, etc., requires atten-
tropical jungles has two effects. First, tion from the average soldier in the field and
visibility is reduced greatly so that coordina- thereby reduces his military effectiveness. In
tion, communication, fire direction, and all addition, the presence of snakes, -biting
of the other aspects of a military operation insects, and other macrobiological species
that require visibility for performance are constitutes an annoyance factor, which
severely limited. Second, the presence of occasionally can become significant,
underbrush and trees acts as physical barriers
and greatly reduces mobility. In most cases, 4-6 IMPAIRMENT OF OPEHATIONAL
tropical Jungles are so thick that no progress READINESS
can be made by individual soldiers without
first cutting a path through the underbrush, Operational readiness is defined here to
greatly slowing the advancement of troops mean that materiel, when placed into use in
and limiting mobility severely. Large num- the operational environment, is capable of
bers of large, closely spaced trees can act as performing the design function for which it
effective barriers to vehicular traffic as well, was intended. Within this context, any form
When this is combined with the moist, low of deterioration in performance or physical
load-bearing soils usually associated with characteristics or any other deteriorative
such tropical jungles, mobility impairment is process that results in impairment or limita-
compounded, In summary, the problems tion in the usefulness of materiel reduces
associated with operations in the tropical operational readiness of that materiel.
environment can be extremely severe in their
effect on mobility and vision. Environmental factors can affect opera.

tional readiness of equipment or materiel in
Effects on personnel in the tropical a number of ways. If it is presumed that

environment are the result of temperature, equipment or materiel is fully operational
humidity, and microbiological factors. It has upon delivery to the Armed Forces (which
been demonstrated abundantly in the litera- should normally be the case), then those
ture that the hot-humid characteristic of the things that contribute to materiel unreadi-

r j%

Figure 4.12, Armored Vehicles Traversing Heavy Mud (Ref. 28)
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ness must occur at some point in the life in the event of complete failure or violation
cycle of the materiel before it is called upon of the integrity of the packaging or
to perform its function. The logistic environ- preservation techniques so that environ-
ment-which embraces transportation, han- mental factors can gain access to materiel,
dUng, and storage within the logistic cycle-- the resulting deterioration by the tropical
can result in exposure to environmental climate essentially should be the same.
factors that cause deterioration of materiel
or impairment of the function of materiel. Because the tropical environment is the
These factors are discussed in Chap. 5 of most aggressive with respect to deterioration,
this handbook, one tends to think solely of it whenever the

subject of deterioration as a cause of
When materiel has been delivered to the operational unreadiness is considered, Deteri-

user, it is still possible for deteriorative oration occurs much faster and is of much
processes and Impairment of function to greater magnitude in the Tropics; however,
occur before or during use of the materi( deterioration as a cause of operational
These include user storage of the matk .,, unreadiness can and does occur in temperate,
transportation and handling within the desert, and arctic climates as well. Pan.
operational environment, and similar activi- 4-6.2 through 4-64 give examples of deterio-
ties after the materiel has been delivered to ration in temperate, arctic, and desert
the user but before or between usages of the environments. Also Included is an interestingt materiel. To discuss in detail the types of comparison of the effect of arctic, desert.
failures of individual equipments and materi- and tropical environments on aircraft that
el that can occur in these circumstances have lain dormant since crashing during
would require significantly more discussion Wk. -Id War I1.
than Is practical and would be repetitive.

To illustrate the variety of factors and 4-6.1 THE TROPICAL ENVIRONMENT
processes leading to operational unreadiness,
a number of examples of materiel whose To illustrate the magnitude of deteriora-
operational readiness has been compromised tion that can occur under tropical conditions
by environment are discussed. Par, 4-6.1 when materiel is poorly or improperly
reviews some of the findings of the Army packaged, preserved, and/or stored, examples
Air Forces Tropical Science Mission, which of the damage caused by deterioration on
organized field studies of materiel In storage World War !1 materiel under prolonged
and in use in tropical areas (Ref. 29). This tropical storage have been excerpted from
survey was conducted during the lutter two studies made by the Armed Forces
stages and post, war period of World War !1, during the 1940's (Refs. 29.30).
so it reflects packaging and handling condi-
tions, storage conditions, and materiel as
they existed at that ,.,kie at overseas Significant advances in packaging and
operational bases. Packaging te'".,lques, as preservation techniques have been accom-
well as transportation and I ,ndling tech- plished since these surveys were made.
niques, have been Irnprov.-d significantly Consequently, the specific examples quoted
since that time, yet the natural environments are not intended to be indicative of the
are unchanged. effect of deteriorative agents on materiel

packaged and preserved according to the
Because of the age of the data from this present state-of-the-art techniques. These

survey, it should not be interpreted as examples indicate the deteriorative effects of'
representative of deterioration experienced wet, tropical environments when the packag-
by materiel using modern pac'kaging and ing or the preservation methods have been
preservation techniques, On the other hand, penetrated by the environment.
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Tropical deterioration occurred in materiel for very old items of issue. Many "sealed"

scattered throughout the Pacific Islands as P plastic containers permitted the accumula-
result of the large-scale operations In the tion of condensed moisture and caused
Pacific theater during World War II. Various mildew and corrosion significantly worse I
classes of materiel were examined for than would be experienced if the materiel
evidence of tropical deterioration (Ref, 29). had been stored in an open container
The following observations were obtained exposed to the humidity of the warehouses.
from the first study: Small parts of items also caused serious

difficulties. Staples in booklets or clothing
(1) Personal equipment. For personal tags commonly caused weak spots and ugly

equipment, the most smrious losses occurred rust stains. Compass needles were thoroughly
through direct and protracted wetting of rusted, whereas the cases were barely
items during shipping, in initial combat corroded.
storage, or in demobilization activities. It
was pointed out, however, that packaging (2) Aircraft materiel. Inspections of air-
can be a complete answer to protection craft at the numerous tropical locations
from mildew and corrosion, showed that condensation caused corrosion

on interior surfaces, particularly those not
In New Guinea, practically all items of properly painted or ventilated. Severe corro-

personal equipment deteriorated rapidly sion was observed in numerous aircraft on
when used under combat conditions. Metal structural members subject to such condi-
fasteners corroded, particularly slide fasten- tions. Chloride from salt spray or coral dust,
ars, so they could not be used. Unless they in some instances, collected on aluminum
could be laundered, fabrics were subject to alloy surfaces and caused pitting and corro-
fungous attack. Canvas tents and tarpaulins sion of the alloy. the degree of corrosion
rotted rapidly unless protected by fungi- depending on the amount of chloride ane
cides. Australian troops were given a corn- moisture present. Galvanic corrosion oc-
plete new issue of clothing after two weeks cuffed in a few instances where aluminum
of jungle fighting. Normal wear under such alloy was in contact with improperly plated
conditions was sufficient to make the steel fittings or with other dissimilar metals.
clothing unserviceable in that length of time. -
Mildew was a problem at all locations where Most of the air strips constructed during
packaging was inadequate or where storage World War 11 In tropical areas were located
areas contained moisture. Leather that had near bodies of salt water and built of
not been chrome-tanned (vegetable-tanned crushed coral that generally contained a high
leathers) was very susceptible tn mildew and content of chlorides. Chlorides play a major
rot, part in accelerating corrosion in tropical

areas, On some of the smaller islands,
The most serious losses in personal unpainted aluminum alloy was exposed to

equipment occurred through direct and sait water spray (generally caused by engine
protracted wetting of items in shipment and runup, taxiing, takeoffs, and landings) which
in initial combat storage, The second most resulted in corrosion of external and internal
frequently occurring difficulty was that surfaces. Steel hardware that was unpro-
experienced with the corrosion of slide tected against corrosion or had a flash
fasteners, which resulted in complete stop- c,)ating of cadmium or zinc corroded very
ping of slider action or in loss of tooth-bind- rapidly after shoit service and caused
Ing strength of the tape, With the advent of annoying maintenance problems, A variety
new and improved slide fasteners that of bo!ts, nuts, cotter pins, and other fittings
incorporate corrosion-resistant or corrosion- on aircraft of all types gave significant
proof materials, this particular condition problems to maintenance personnel. Cadmi-
should no longer be of any difficulty except um and zinc plating, when painted, provided
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good protection against corrosion in the flown or had been sitting on the ground for

Tropics. In many cases, however, the plating the entire week. Cadmium-plated stub and
alone was insufficient to maintain surface dipole antennas were seriously corroded
integrity. Treated steel corroded after a few after a I5-day exposure to salt spray. As a
months of service. Chromium-plated steel result, these antennas were cleaned and
parts on the other hand iprformed quite painted with a protective coating.
well, with only occasional pin hole corrosion
due to inadequate or poroes plating. Airborne communications and electronic

equipment and associated ground equipment,
Power plant corrosion (except in the most whether in operation, in storage, or in the

severe cases where no protection was repair shop, were subject to conditions of
provided) was limited to cylinder barrels, salt spray, coral dust, volcanic gases, long
pistons, ring grooves, and connecting rods, periods of humidity, waoer condensation,
Corrosion was even found on surfaces that and fungous attack. Moisture appears to be
had a complete coverage of oil. As with the most important factor in the deteriora-
many of the other problems experienced, it tion of electronic equipment, being respon-
was felt that proper maintenance along with sible for approximately 90 percent of
general cleanliness of equipment would operational failures. Many failures are due to
eliminate a sizable percentage of the corro- deterioration attributed to salt spray, fungus,
Wion. dust, and volcanic gases. The sun during the

heat nf the day dtries the surface of the
Corrosion appears to be the principal roads, air strips, and areas in and around

cause of deterioration in electrical acces- warehouses and storage dlumps, producing
sories. In New Guinea it was found that coral dust, volcanic ash, or clay dust in such
corrosion caused failure of brush holders, quantities that only moderrte trafflc and
springs, generators, relay switches, relay winds raise clouds of,.dust which penetrate
boxes, and terminal boards. Any exposure to all equipment not completely enclosed,
outside storage conditions caused heavy
corrosion. Salt fog or salt spray produced (3) General obse'rvations, Most losses of
heavy corrosion, usually more severe than metallic materials were the result of inade-
t.he typical humidity corrosion on exposed quote preservation or packaging, rough
minplated metallic parts. The principal dam- handling, open storage, negligence, and
age that occurred on flight and navigation inadequate repackaging. In general. alumi-
instruments was caused by corrosion of the num alloy. presented few problems, but in
instrument cases, corrosion within the cases, certain circumstances difficulties were en-
and fungous attack, One of the most striking countered; for example, condensation on
evidences of deterioration was the furigous interior surfaces without proper drainage
attack observed in almost every instrument caused corrosion, In addition, chloride from
incorporating an optical system. salt spray or coral dust that collected on

aluminum alloy surfaces caused pitting.
At one air base on Oahu, Hawaii, the Galvanic corrosion occurred when an alumi-

landing surface was approximately tOO yd numn alloy was it contact with improperly
from the edge of the water and the elevation plated steel fittinp or other dissimilar
only 6 ft above sea level. Consequently, metals. This problem was most severe in the
waves often washed over the runway and a case of repair parts that had been exposed
constant salt mist enveloped the buse. This to condensation of free water in the pu,'kage
caused serious corrosion problems. For during storage. Virtually no corrosion of
example, all cupper-clad-steel antenna wire aluminum-based alloys was found where the
corroded so badly in a few days time that parts were properly protected and the
maintenance crews replaced all wire antennas coatings were not damaged. In addition, no
every 7 days whether the aircraft had been corrosion was found on parts fabricated
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from corrosion-resistant steel, and no diffi- (3) Tentage. Untreated tents, tarpaulins,
culties were r'ported with the stabilized and canopies have a very short lifi' in the
corrosion- and hcat-resistant alloys used in tropics. In the Port Moresby, New Guinea,
exhaust systems. In nearly all cases, unpro- area, they leaked within 6 mo and become
tected zinc-based diecastings were coated unserviceable after 9 to 12 ma. At Milne
with a heavy white corrosion product. Bay, Now Guinea, they leaked in 3 to 4 me
Hardware on vehicles, such as door handles, and were useless after 6 to 8 me,
gave very poor service, Attempts at protec-
tive finishes on the die-cast parts were not (4) Vehi(,es and vehicle repair parts. Thlie
always effective. following list oa incidents typifies vehicle

problems in tropical climates:

In a second study the effects of environ- (a) Cylirdeis of' engines of newly
ment on a variety of materiel in the New
Guinea area were surveyed (Ref, 29). arrived tanks were very rusty internally and

Comments and observations concerning vari- externally, In addition, crankshafls, camn-

os types of deterioration occurring as u shafts, voltage regulators, differentials, ball

result of exposure to various environmental be.arngs, and tank gun components often

factors are summarized in the paragraphs arrived with a coating of' rust,

that follow. They largely corroborate the (b) It w necessary to paint the
findings of the previous study,(bItwsnesry opitth
f o p twoodwork on trucks that had just arrived

before placing them in service, Canopies of'
(I) Macrobiological or~anilsms. Marine newly arrived trailers were torn and showed

borers can destroy piers and wooden vessels definite signs of rotting, Assembled vehicles,
In a short time. While ordinarily confined to when shipped as deck cargo, often arrived
salt water, some of' the more destructive with unservicable engines. General internal
types also are found In fresh water in the corrosion of Jeeps was so bud that 50
upper regions of some tropical rivers, manhours were required to recondition each
Spiders, another macro-organism, also cause engine. While external corrosion of' vehicle
some problems: e,g,, webs inside clectricaI bodies was not serious, snrne rust had
equipment collect moisture and cause short developed ait the walls i nd seams,
circuits and electrical leakage.

(c) Unless engines of vehicles held tit
(2) Optmical Ilnstru'lents. Ortical instra- vehicle parks were run ait regular and

ments are damauged easily b%' fungl that frequent irtervals, they hecame umservicable
thrive on paint, fabrics, oi, )r waxes, the because of' corrosion of the cylinder wails.
balsam used between lenses, dust, and even Gear boxes and rear axles held at workshops
l'ingerprints on the surtaccs of lenses and were subject to severe internal corrosion.
prisms, The first sign of fungus on glass is a Unless carriers and tanks were mioved once a
fogging caused by the presence f' the fungi week, the tracks f'roze because of corrosion.
itself'. Fogging may take place very quickly, In some areas, brakes were relined after the
sometimes within 2 weeks, Depending on vehicle was run 20 to 30 mi a day for 2
the construction of the instrument, the wieks. Internal corrosion of die-cast car-

fungus sometimes can be wiped off easily. It' buretors and fuel pirnips occurred if' vehicles
fungus is permitted to grow on glass for were left ,:tationary for more than a week.
more than a few days, serious dailnai,,.e In some cases, the white deposit caused
results. The stain is of' ultramicroscopic blockage of jets and f'rcczing of' screw,.-
thickness and sometimes shows diffraction
colors. Prolonged contact with fungus leads (d) Bolts and wooden bodies of truck
to mmjor damage, causing the surface of glass flun ... -orroded, degraded, and iii sonli' cses
to become roughened and etched, broke because of wood shrinf1kage.
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(5) Airframes, aircraft instruments, and deterioration arid impairment of orcrational
naccessories. Condensation inside ai,craft oc- readiness; however, in temperate climates
casionally impaired operation of instruments, these factors require reasonably long periods

to produce damage sufficient to affect
Electrochemical corrosion was a serious materiel readiness. Given proper conditions,

problem in many cases with aircraft--alloy such damage can and does occur. Examples
landing wheels, for example, readily cor- include wood rot, age deterioration of
roded. rations, especially whLA improperly stored,

mildew of textiles, termite attack of wooden
(6) Armament. Rifles received in New stiuctures, metal corrosion, and zones with-

Guirfea were severely Tusted as a reult of out deterioration is difficult. Controlled
being packaged in cartons that became wet environment warehouses arc often necessary
during transit and fell to plece. Many rtepir to maintain readiness; weapons, vehicles, and
parts for smr.ll arms arrived in a rusty electronic items require careful preparation
condition, Small arms rust rapidly in service, for long-term storage.
Main springs of pistols rust quickly, then
snap. Installed machine guns in aircraft are Unlike the temperate climate, the desert
subject to atmospheric corrosion which, in environment is an extreme environment
low altitude flying, is accentuated by salt in characterized by high solar radiation, low
the atmosphere, Repair parts for most humidity, low rainfall, high temperature, and
artillery and antiaircraft guns arrived in a increased exposure to sand and dust. Severe
rusted condition, microbiological attack does not occur be-

cause of the low humidity, although temper-
(7) Ammunition, Outer wooden boxes are atures are in the right range. Corrosion is

attacked often by termites, becoming useless reduced greatly because of the absence oif
after 6 mo of open storage. Metal strapping rainfall and the ac.-ompanying extremely low
on ammunition I)oxes also rusts. in exposed humidities. In fact, the desert Is the site of
storage, about 15 percent of grenades large storage depots for aircraft and vehicles
became useless. Many mortar projectiles because of these ftw/orable conditions.
became unserniceable because of' corrosion.

The few p. iblems that result from
deterioration iWi the desert environment are

"46.2 MATERIEL READINESS IN OTHER associated primarily with the high tempera-
CLIMATES tures and high solar radiation, plus blowing

sand and dust. It is difficult to prevent
As a general rule, all deteriorative agents deterioration of materiel susceptible to high

present in the tropical climate are also temperature or low humidities, although
present in other climates. The difference lies protection from sand and dust and direct
in the magnitude of their effects. By and solar radiation is possible. Certain textiles
larg,, fungous attack is relatively unimpor- -nd plastic materials are susceptible to the
tant except in tropical and semitropical ultraviolet wavelengths in solar radiation.
regions or in warm-damp spaces in' buildings. These wavelengths are attenuated by atmo.
In tempetate zones where proper coinbina- spheric moisture In temperate and tropical
tions of moisture and temperature occur climates but not in the desert. In the desert,
seasr ,ally, microbes will damage matericl therefore. ultraviolet exposures are signifi-
but a lesser degree than in the Tropics. In cantly higher. Consequently, deteriorative
cold .limat.3s, such deterioration is negligi, processes in plastics and textiles that have as
ble. their prime agent the exposure to ultraviolet

light progress rapidly.
All natural and most Induced factors

occur in temperate climates and cause The combined solar radiation and high
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ambient temperature levels alo produce very from passage of gasoline into the crankcase.
high temperatures in materiel. The deterio- Oil dilution also is increased by the required
rative processes that depend upon high extended warm-up time for engines. Idling
temperature-of major importance are those engines use rich fuel-air ratios which are
that occur with respect to sbsistence items conducive to crankcase oil dilution.
such as food-are accelerated in such an
environment. Low humidity can s lo cause Blowing snow and ice caue problems
deterioration of textiles and Ieathors which involving operational readiness of materiel
require water in the material to give it that Is stored out-of-doors in arctic climates.
proper flexibility. Without the required Snow and ice blown into crevices and cracks
water content, they crack rapidly when freeze, causing various mechanisms to be-
flexed. come inoperative (this Is a chronic problem).

A similar problem occurs whenever vehicles
The effects of the deaei envi.-onment In that have been in use are parked. The

Southwest Asia on selected military materiel vehicle, being wsrmer than the fieezing
have been evaluated '.ef. 31). Many pack- point, melts snow that may have fallen upon
aged foods normally used by the military it. Then. as the vehicle cools, the water that
(those of the n( iperishable type) are was melted from snow freezes, becoming
extremely shortlived in high temuperature solid ice and causing seizure of vrious
environments, particularly In open storage. mechanisms. Examples of this type of
For many foods the deterioration rate problem range from the freezing of wind-
doubles for each 18 deg F increase in shield wipers to the freezing of turrets In
storage temperature, tanks, which prohibits aiming of the weap-

on, ThL problems of snow and ice coverings
Gasoline deteriorates largely through the on materiel also represent some hampering

formation of gum, which causes filter of operational readiness. On occasion, when
clogging and lowering of octane number, snow and Ice loads become sufficient,
The effect of varying temperature is similar mechanical and structural damage can occur.
for all gasoline-the rate of gum formation
approximately quadruples for each 20 deg F Rockets and gun propellants crack when
rise in temperature. For a typical gasoline exposed for long periods to low tempera-
with inhibitors added, 5 mg of gum per 100 tures (Ref. 20). NIKE-HERCULES propel-
ml of gasoline aight form in 12 mo at a lants were sent to the Arctic for a 10-yr
storage temperature of 1000 F--this is enough storage program. After 3 yr of storage,
gum to cause rejection, longitudinal cracks had developed along the

core, which were about I /l in. wide at the
The arctic climate, like the desert climate. surface. Gun propellants exhibit the same

is an extreme climate. In the Arctic, phenonmenon, Gun propellants exposed to
however, the factors that are important for low temperatures are known to crack,
operationa! readiness are associated with low thereby exposing a much larger surface area
temperature, solid precipitation, wind, and, to bum. Despite the lowered burni.jg rates
in some cases, humidity. Starting of vehicles produced by low temperatures, increased
is a chronic problem because of the burning can occur as a result of cracking
temperature effects on batteries and lubri- because of the increased surface area. The
cants. Small quantitivs of water (resulting excess pressures developed may be suffi-
from water vapor condensation as tempera. iiently high to rupture gun tubes,
ture is lowered) can freeze and clog fuel
systems, ,endering vehicies Inactive and 4-6.3 LONG-TERM EXPOSURE TO EX-
incapable of starting when needed. Dilution TREME NATURAL ENVIRONMENTS
of engine lubricants results from both
moisture condensation in the crankcasc and A study of long-term exposure of aircraft
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components to extreme environments pro- spent 17 yr in the equivalent of a solar
vides interesting information on operations oven, baking at air temperatures as high as
environment (Ref. 32). Components from 1200F. It was estimated that equipment
four crashed aircraft were analyzed. temperatures inside the plane reached

200*,. The removed equipment, Including
(1) A 1-24 aircraft that had crashed and an engine-driven pump, turret retraction

remained undisturbed in the North African motors, and other portions of' the hydraulic
Desert for 17 yr receiving full exposure to systems, were in extremely good condition.
the desert climate (Fig. 4-13)

In 1964 a B-17 aircraft that had crashed

(2) A &-17 aircraft that had crashed on on the Greenland Ice Cap in 1942 on its
the Greenland Ice Cap In 1942 and had way to England was discovered. The aircraft
remained undisturbed in the arctic climate had lain on the Ice cap for 23 yr,
for 23 yr (Fig. 4-14) completely undisturbed in tie frigid arctic

environment, with temperatures ranging
(3) A C-54 aircraft (Fil. 4-15) and a B-24 from -800 F In the winter to an occasional

aircraft that had crashed in the jungles of +38rF In the summer. In the winter, winds
Panama. of 180 mph swept across the ice cap,

creating an extremely hostile environment,
Table 4-17 compares climatic conditions Equipment was removed from the aircraft

for the downed aircraft, Discussion of the for examination and analysis. Clothing in
effects of long-term exposure of the four flightbagp on the aircraft wits found to be In
aircraft to the desert, arctic, and tropical excellent condition in spite of this prolonged
climates follows, storage. The hydraulic, turret transmission

and hydraulic accumulator were removed
In 1960, 16 pieces of equipment removed from the aircraft and examined. The hydrau-

from a B-24 aircraft that had lain in the lic accumulator was found to contain its
Libyan Desert for 17 yr were examined, The normal 325-psI air charge and the turret
desert climate is generally hot and dry- tyanamission, upon test, met the require-
excellent for preservation of the equipment ments of a new unit, The turret transmission
as the Investipations proved. The aircraft had was disassembled and found to be in

Figure 4.13, Crashed B.24 in Norrh African
(.ewert (Ref. 32)
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(A) External oorrosion

(B) internal parts showing little

cortroion

Figure 4.,6, Electric Motor Driven Pump from Crashed C.54 After 6 Yr
in Tropical Jungle (Ref. 32)

excellent condition with all parts bright and C-54 cargo-type aircraft which crashed in
shiny. Seals were soft and pliable and, did 1960, and a B-24 bomber.
not leak. Other equipment, including flight
instruments, a cal .45 automatic pistol, Among items removed from the C-54 was
navigation equipment, and first-aid kits, were an engine-driven hydraulic pump, the shaft
in good condition, end of which had not deteriorated. When

"the unit was disassembled, the bearings and
These investigations, involving first the shaft were found to be in serviceable

desert and then the arctic climates, showed condition while the shaft seal and O-rings
that equipment survives in excellent condi. were still soft and pliable. The electric
tion, The other major environment is the motor on the hydraulic pump was covered
extremely humid, fungus-growing tropical with fungus and external corrosion and
jungle. During World War II approximately when tested it would not turn. Disassembly
one aircraft per week crashed either in the revealed several open leads. When tested
jungle or in the sea in the Panama area. separately, however, the year pump pro-
Although the positions of 20 crashed aircraft duced its normal 900-psi system pressure
were known precisely in 1966, only two and its internal parts showed very little
could be found in the thick jungle growth, a corrosion or deterioration (see Fig. 4-16).
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TABLE 4-17.
COMPARISON OF ENVIRONMENTAL CONDITIONS OF CRASHED AIRCRAFT (Met. 32)

Environment and location

Item
Desert, Arctic, Jungle,
Africa Greenland Panama

Aircraft B-24 8-17 C-54

Location Libyan Ice Cap Mountain
Desert rain forest

Temperature +26 to +120 -80 to +38 +71 to +88
extrmes, OF (Component temp.

to +200)

Average 10 to 36 55 to 70 90 to 100
humidity, %

Average yearly Less than No rain; 148
rain, in. 1/4 heavy snow

Maximum wind 50 In excess of 70velocity, mph 180

The engine-driven fuel pump had only minor was covered with corrosion and fungus, but
external deterioration and Its internal parts on disassembly, internal parts were found to
were in fair-to-good condition. The wing flap be In fair condition. Almost all of the hose
cylinder was also removed. It operated sections, although apparently in fair condi-
normally when system pressure was applied tion, leaked badly.
tinder test; when disassembled, the cylinder
piston rod was bright and shiny and the Overall, equipment exposed 17 yr in the
elastomeric seals were soft and pliable desert climate was in excellent condition
enough to seal under pressure. with most of it meeting the requirements of

new units. Some large seals, such as the
The second aircraft, the B-24 bomber, accumulator diaphragm, hardened slightly as

crashed in 1942 approximately 240 mi a result of the low humidity found in the
northwest of Panama City near the Costa desert. The equipment exposed 23 yr in the
Rican border. In this area the average arctic climate was elso in .xcellent condi-
rainfall is 106 in. yfl; the average relative tion. It met the requirements of new
humidity is 87 percent; and the average equipment in most cases. The accumulator
temperature is 850F. Although the aircraft diaphragm was in like-new condition, having
had been stripped of a great many of its retained Its air charge. It appears that the
parts by local Indians, a flap gear assembly, somewhat higher arctic humidity assures
parts of an electric motor, and other items good seal life over extended storage periods,
were obtained for examination. A radio without being hot enough to cause excessive
panel removed from the aircraft was very corrosion. The equipment removed after 6
heavily corroded. The fuel flow Irtnsmitter to 24 yr in the tropical climate showed
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heavy deterioration on items that were not be sealed, its chances of surviving long-term
sealed, such as electric motors, radio panels, exposure in the tropics is excellent.
and thin gage metallic sections. The fungous
growth on much of this equipment was Components were also removed from
heavy and damqing. On the seal compo- aircraft at the Davis-Monthan Air Base in
nents, such as hydraulic pumps, deteriora- Arizona for study. Those aircraft, with
tion was only partial, with some of the units components installed, were stored in the
still operable. The O-rings were in good open desert by the Air Force for 5- to I 0-yr
condition and still functional in most cases. periods. The hydraulic equipment, instru-
Since the hydraulic equipment primarily nrentation, and various other items of
examined in these studies are essentially equipment checked in these stored aircraft
sealed units, it appears that if equipment can were in excellent condition.
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CHAPTER 5

LOGISTIC ENVIRONMENT

1&. INTRODUCTIONl in many treatments of the transportation
aspects of the logistic environment, much

5-1.1 GENERAL emphasis has been placei' on mobility in
adverse environments. In upplying advanced

The logistic environment is sufficiently bases and field operat' ns, mobility Is an
different from the operational environment important factorn it is till more important
to merit separate treatment. In the logistic as a characteristic of th operational environ-
environment, various precautions are taken ment. Even so, when material is removed
to ameliorate the effects of environment on from its protective warehousing and loaded
materiel or to prevent exposure to certain on transportive equipment that cannot move
environmental factors, Packaging and ware- (because of mobility impairment), the mate.
housing are examples of these precautions. riel is exposed to severe environments for
Generally, the factors that can be excluded much longer periods of time than normally
from the logistic environment include snow, encountered during transportation, To that
rain, ice, direct solar radiation, and, to some extent, mobility is an environmental factor
extent, blowing sand and dust, and snow, in the logistic environment.
Packaging also may protect materiel from
mechanical environmental factors such as Rough terrain also causes materiel in
shock and vibration, It is more difficult to transit to receive a much more severe shock
provide protection against temperature, hu. and vibration exposure than normally is
midity, air pressure, corrosive vapors, and obtained in over-the-road operations. This Is
induced electromagnetic and nuclear radia- an important environmental hazard although
tion effects, When it is necessary to prevent little work on the quantitation of these
exposure of materiel to these -latter factors, effects has been done, and few reports on
special packaging or storage facilities are the severity of this environment have been
required, published.

I( the packaging and the shelter provided The logistic system provides support for
by storage facilities or covered transporta- military operations ranging from peacetime
tion vehicles were removed, the effects on training to major warfare. The physical
materiel would be the same in the logistic environment of this logistic system includes
and operational environments in many re- factors associated with terrain and climate as
spects. In field-supply operations and at well as the influence of the development
advanced bases, the protective packaging and level of the inhabitanta of the field of'
shelters of the logistic environment are often operations.
either unavailable or their integrity is
violated so that materiel is exposed to the Terrain strongly affects the configuration
ambient environment, Thus, the effects of' of the distribution system, Major supporting
environment on materiel in those advanced stocks for an island campaign are on ships or
portions of the logistic cycle is considered to on other islands, whereas, for operations
be more accurstely represented by the conducted in large continental areas, a
operational environment, succession of supply depots and an overland
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transportation system are required. Other The purpose of a logistic system is to
possible physical configurations include: provide supplies to the ultimate users when

and where needed. The functions of the
(1) Operation on the North American logistic system are (Ref. 2):

continent with overland distribution from
the source of supply to the combat area (I) Receipt. The process of accepting

supplies into the military supply system
(2) Operations confined to narrow coastal

regions (e.g., Vietnam) (2) Storage. The process of holding and
caring for supplies prior to issue

(3) Operations deep within the perimeter
of a large landmass (e.g., central Africa). (3) Transportation. The movement of

supplies to, within, and from the distribu-
Distribution systems in mountainous ter- tion system

rain differ significantly from those on tint
terrain, and iii arctic and subarctic regions (4) Issue, The releasing of supplies tn

the distribution task is vastly more compli- consuming or using agencies or activities.
cated than those in temperate areas, Basically, the system moves supplies from

Except for certain specific severe environ- the grower, producer, fabricautr, or manu-
mental conditions, discussions of these facturer to the user. Its goals are to be
terrain factors are associated with the responsive to the user, to be sufficiently
operational environment. By eliminating flexible to adapt to rapidly changing condi-
these logistic operations occurring at the end tions, to be economical in terms of use of
of the logistic chain closest to the user, the physical and manpower resources, and to be
logistic environment can be described In resistant to disruption by either the forces
terms of specific components, of nature or enemy actions.

Baically, the classes of operations carried 51.2 LOGISTIC MATERIEL CLASSES
out in the logistic system are:

Operation of the Army requires over a
(I) flandling, Loading, unloading, stock million separate items of supply, The types

rotation within warehouses, movement with- and levels of supply support requirements
in depots, transfer to and from storage to vary, depending on environment, tactical
transport vehicles concepts, training level, and intensity of

combat. Army supplies are categorized in
(2) Transportation, Movement of materiel several ways for management purposes,

from one geographic point to another Three examples are (I) according to impor-
tance or the nature of the items, (2)

(3) Storege. Holding materiel within ware- according to cost, and (3) by class of
houses and other storage areas. supply.

The logistic flow for any one item is The breakdown of the Items by Impor-
variable, depending upon its planned deploy. tance or nature of the Item follows (Ref. I):
ment. Fig. 5-1 illustrates a typical logistic
flow, and Fig. 5-2 illustrates the distribution (I) Principali Items, Materiel items, the
pattern for a typical ammunition item. As aupply of which is, or is about to be,
can be seen from these diagrams, handling, increasingly active, a high value item, or an
transportation, and storage are repetitive item whose procurenint will be difficult
functions in the logistic cycle-each occurs due to long lead time, shortage of strategic
many times. materials, or difficulty of manufacture.
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Principal items represent less than I percent supply normal demands, either principal.
of the items. stocked by the Army, yet they secondary, or reouir items
account for 60 percent of the procurement
funds. (5) Bulk procurement Items, Items nor.

mally shipped in bulk form and not sent
(2) Scoxindary Items, All other supplies through depot facilities- usually secondary

except repair parts, clothing, and iubsis- items.
tence; characterized by short lead time, low
value, and ease of procurement Together. the secondary and repair Items

represent 85 to 90 percent of the entire
(3) Repair Items. All essential elements, wcrkload and cost of the distribution

materials, components, assemblies, or subas- system, yet they account for only 25
semblies required for the maintenance and percent of the procurement funds.
repair of an end item

Cost, the second categorization, is often
(4) Off-the-shelf items. Items regularly considered in conjunction with mission

stocked by commercial organizations to essentiality, Items that are critical und very
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(5) C'las V. Ammunition of all types, complying with appropriate civil and mili-
including chemical, radioiog~cal, and nuclear tary transportation regulations. Storage of'
ordnance; bombs; explosives, mines; fuzes; military items may be for indefinite periods
detonators; pyrotechnics: missiles; rockets; of tine in both protected and unprotected

propellants, and other associated items facilities. During this storage period, the
package must protect the item against

(6) Class VI. Personal demand items: physical damage and other environmentally
nonmilitary sales items induced deterioration. In some cases, the

packaging must incorporate provisions for
(7) Class VII, Major end items: A final inspecting and performing maintenance on

assemblage of end products that is ready for the packaged item, From the military
its intended use; for example, launchers, standpoint, good packaging methods are
tanks, whole machines, and vehicles those that protect materiel from deteriora-

tion and damage at a minimum cost,
(8) Class V1il, Medical materiel, including

medical peculiar repair parts Fundamentally, the objectives of uniform

(9) Class IX, Repair parts (less medical preservation ind packaging of items of

peculiar repair parts): all repair parts and military supplies can be summarized as

components to include kits, subassemblies follows (Ref. 3):

and assemblies, reparable and Irreparable,
required for maintenance support of all (I) To provide efficient and economical
equipment protection to supplies, material, and equip-

ment from physical and mechanical damage
(10) Class X, Materiel to support nonmili- during handling, shipment, and storage from

tary programs: agricultural and economic the time of original purchase until used
development,

(2) To assure maximum life, utility, and
Items also can be classified by their performance of supplies, materials, and

behavior In the supply system: either fast equipment through prevention of deteriora-
moving or slow moving. The turnovem of an tion
Item Is important from the standpoint of
overpackaging. Since fast-moving items are (3) To facilitate efficient receipt. storage,
readily depleted, it usually Is not necessary inventory, transport, and issue
to wrap the individual units extensively
within the outer package, (4), To providu Identification, handling,

and shipment markings
&62 PACKAGING TO PROTECT MATE.

RIEL FROM ENVII1'NMENTAL FA,. (5) To assure the greatest practical unif'or-
TORS mity in the development of requirements for

preservation and packaging of the same or
5.2.1 GENERAL similar items

The purpose of military packaging is to (6) To effect economy by insuring the
protect items ot materiel so that they can use of packages of a ininimum weight and
perform their intended function when their cube, con, nt with anticipated storage and
use is required. Basically, pack-ging must equipment hazards.
protect an item from the time of produc-
tion, through transrort and storage, until A detailed discussion of preservation,
delivery to its ultimate user. During trans- packaging, and packing is contained in Ref.
port. protection must be achieved while 3.
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Domage in transit is likoly to be physical, damage during multiple shipments in which
due to the use of inappropriate or poorly shipping and handling will be under cover
constructed or designed containers. Improper and storage will be in warehouses or other
use of strapping oftvn results in damage. structures providing equivalent protection
Articles that do not fill the container from the weather. These condition. are less
completely must be 6locked, braced, fas- hazardous than those that Level A is
tened, or otherwise restrained to prevent designed to meet. This level provides a
moving or shifting with resulting damage to higher degree of protection thi,- .arirded by
the contents and the container, While Level C. The design of Lei el B is based on
careless handlin6 cannot always be avoided, knowledge of the shipirnt, handling, and
the proper choice of containers, avoidance storage conditions to b. encountered and on
"if overloading, effective interior packing, the determination th',i the costs of prepara-
and correct strapping and nailing will go far tion are less than Level A.
to reduce the damage received during
shipment and storage. (3) Level C, Minimum Military Package or

Pack. Preservation and packaging or packing
The subject of prmervation and packing that will afford adequate protection against

has become increasingly important due to corrosion, deterioration, and damage during
the increase in worldwide movement of direct domestic shipment from the supply
equipment, overtaxed transportation facil- source to the first receiving activity for
ities, and overcrowded warehouses, An immediate use or for controlled humidity
indication of the magnitude of the problem storage. This level, at a minimum, will
is revealed by the fact that commercial conform to applicable carrier rules and
losses due to damage of goods in transit regulations,
measured in dollar values paid out In claims
by the railroads alone to manufacturers As can be seen from the prece.-ding
exceeded $91 million in a recent year (Ref. definitions, the level to which a particular
3), Much of this loss was attributed to Item is packaged is determined by the
improper packaging, the balance to careless- distribution requirements of the item. The
ness and neglect, degree of protection vfforded within a

particular level Is based on the nature and
5.2.2 PACKAGING PROTECTION LEVELS characteristics of the item. Characteristics of

military materiel that make the protection
Military levels of package protection are of materiel during strs.pi,' nid transport

described in terms of the performance more difficult than under civilian circum-
-xpected of the package or pack and must stances are:
be trAnslated into specific technical or design
requirements for individual items or catego- (I) Whvn an item arrives at its destined
ries of items, The performance criteria point of use and is unpacked. it must
follow (Ref. 1): perform its desired function. Essentially.

protection Is ilmed at 100-percent reliabil-
(1) Level A. Military Package or Pack. ity.

Preservation and packaging or packing that
will afford adequate protertion against (2) The destination and means of trans-
corrosion, deterioration, and damage during port for any given item of materiel are
worldwide shipment, handling, and open usually !jnknown.
storage.

(3) The type and duration of storagc are
(2) Level B, Limited Military Package or also usually unknownw extreme variety of'

Pack, Preservation and packaging or packing types and long durations of storage are
that will afford adequate protection against possible.
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5-2.3 ENVIRONMENTAL EFFECTS ON restricted to ground levei applications except
PACKAGING in cases where air shipment affords a

pressurized cargo section,
The following examples of the effect of

environment on packaging are Included for 5.2.3.2 Label
illustrative purposes only. They are not
intended to demonstrate the scope of In another study a comparison test was
environmental effects on packaging nor are performed among different shipping label
the individual cases discussed represented to covers In an outdoor weathering environ.

I, be of greater significance than any other ment for a 6-mo period (Ref. 5). The "glue
case. pot" technique of brushing on an adhesive,

both to affix labels to containers and as
5-2.3.1 Air Cell PhkIkh Material overlay protection to make them water-resis-

tant. has been the approved labeling method
Among the various packing naaterlais, for many years. Recently, evalaations have

inflated cushioning types are finding many been made of presuuie-sensitive transparen~t
S applications, One of the products that has tape labels and transparent pressuro.sensitive

evolved in seeking solutions to the problems label overlay methods.
of cushioning is the encapuulated air cell.
This type of cushioning consists of plastic Outdoor exposure was used, to compare
film materials sandwiched together with weati.ering effects on different label covers
trapped air bubbles. A study was conducted attached to two triple-walled, weather-resis-
to determine the reliability of the pebble tant fiberboard boxes, Three different
grain and marshmallow-appearing air cells at groups of pressure-sensitive, transparent tape
the reduced atmospheric pressures experi- overlay materials extending 5/8 in. beyond
enced In nonpressurized military and com- each edge of the !abel were tested along
mercial aircraft at high altitudes (Ref. 4). with a group with brush-on adhesive and no
Sheets of the various types of such packing overlay protection, a group with brush-on
material were stacked to produce WIn. adhesive and brush-on overlay, and a green-
nominal thickness test specimens of each tinted polyethylene group to evaluate pro-
material. The stacks were then confined. tection from ultraviolet radiation, The test
stress-loaded, and placed in an altitude labels with their six different label cover
chamber where they were subjected to variables were placed on different faces of
changes of altitude ranging from ground the test containers to permit a good
level to 50,000 ft. The extent of rupture or exposure of each variable to north, south,
delamination 'of the cells was determined. east, west, and top exposures. Each con-
After such conditioning, the specimens were tainer was placed on a separate pallet and
again confined, stress-loaded, and instru- secured with nonmetallic straps. Average
mented for dynamic impact analysis, Evalua- temperatures for the 6-mo ýeriod varied
tion of the test data disclosed a rising from 42*F in December to a maximum
percentage of cellular delamination coupled average of 80*F in September. Total rainfall
with a declining degree of shock attenuation per month varied from 1.05 in, in August to
as a consequence of the increasing eleva- 5.53 in, in December. The number of hours
tions. duration of gusty winds varied from 8 hr in

August to 106 hr in November. Generally.
Delamination of the three types of wind gusts varied between 12 and 35 niph.

material tested at flight altitudes spanning
25,000 to 50,000 ft was sufficiently severe At the end of the test. weathering
to preclude their use in nonpressurized appeared to be severe in all exposed
aircraft. From the study, it was recom- directions. Of the 12 labels under test on
mended that such air-cushioning materials be the top surfaces of the boxes, only one label
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and one-third of another remained intact. (6) Handling
Labels on the sides fared considerably
better, however. Obviously, the appropriate (7) Overseas transport
place foi labels is not on the top surface of
the package, if it is to be stored outdoors. (8) Handfing
The transparent, pressure-sensitive tape over-
lay test specimens outperformed all other (9) Overseas storagee
groups after 6 me whenever the covers were
applied to extend 5/8 In. beyond the (10) Handling
bottom and top edges of the labels and 3/4
in. beyond each side of the label. This study (II) Transportation to user units
serves to illustrate the deterioration of labels
in the outdoor environment and the orienta- (12) Handling
tion dependence of that deterioration.

(13), Storage by user units

5- HANDLING (14) Issue to user (handling).

As can be seen, handling occupies an
&.3.1 GENERAL intermediate point chronologically whenever

a major change in status of the materiel
Handling is the first operation encoun- or Inte logsti ys of the

tere bymateielin he lgisic ccleand occurs in the logistic cycle. In spite of the
tered by materiel in the logistic cycle and fact that handling occurs frequently, because
occurs repettitively throughout all phases of of the short duration of any given handling
transportation and storage. When the item of event, the total time that materiel is handled
materiel is completed by the maufacturer, is relatively small when compared to the
the materiel bedins to experience handling temporal length of the logistic cycle. On the
stresses. Indeed, the packaging and/or packe other hand, storage (particularly depot or
ing that must be accompflshcd before warehouse storage of an item of materiel)
delivery involve handling, can continue uninterrupted for years, Conse-

n is usually of relatively short quently, It is axiomatic that the length of
Hndrion d etime that materiel remains in other stages or

s lduration and gnerally represents only a portions of the logistic cycle Is generally
small fraction of the time that the materiel significantly greater than the length of time
is in the logistic flow, Handling usually is it remains in the handling environment,
associated with transportation, in fact, for Although not stated explicitly, it should be
most purposes it can be considered as a recognized that handling occurs within the
short-duration interface operation between storage and transportation portions of the
two dissimilar stages in the logistic cycle, logistic cycle when it is necessary to rotate
Illustrative of this characteristic of handling stock or to rearrange loads,
in the logistic cycle is a typical cycle,
chronologically defined as: Protection in the handling environment is

directed toward prevention of rapid deterio-
(I) Manufacture ration of materiel as a result of short-term

exposure to specific, fast-acting environ.
(2) Handling mental factors, such as shock and vibration

(these factors, which cause physical damage
(3) Transportation to storage and/or mechanical deformation, are probably

the most significant). Handling stresses are
(4) Handllng among the most severe examples of mechani-

cal environmental factors and, thus, often
(5) CONUS storage are the determining factor in package design,
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)
When examining handling, it is pertinent (8) Overhead cranes

to consider the means whereby streses are
imposed on materiel: iLe., what does the (9) Gantry cranes
handling? Handling of items weighing less

than 100 lb that are not packed in bulk or (10) Belt conveyors
bulk packages weighing less than 100 lb
normally utilizes the most sophisticated, and (I I) Roller gravity con veyors
at times, the most destructive handling
machine: manl Whenever matedel is handled (12) Wheel gravity conveyors.
directly by man with his hands, the process
is referred to as manual handling. Again, Belt conveyors are used primarily for
when simple, non-self-propelled machines are transporting solid, particulate bulk materiel
used by man in handling materiel, the that is handled in large quantity, as well as
process is still called manual handling, The for handling large quantities of small items
most widely used non-self-propelled handling between two fixed points in a local area.
machines are handtrucks, dollies, and wheel- Pipelines are, of course, a type of oonveyor,
barrows. but, since they usually involve movement of

materiel over long distances, it Is felt that

A wide variety of self-propelled or they are more properly classified as a mode
mechanically propelled machines are em- or transportation rathcr than a piece of
ployed In handling materiel, While mechani- handling equipment. This implies that han-
cal handling equipment is used widely for dUng is the movement of materiel (either
virtually all types of materiel, they are manually or mechanically) over short dis-

particularly appropriate for: tances, while transportation involves the
movement of materiel over longer distances,

(I) Very larie or heavy items This is indeed the basis on which the
distinction between handling and transporta-

(2) Bulk-packaged items tion is made. Since the terms "short
distances" and "longer distances" are essen-

(3) Palletized loads tially qualitative, a certain amount of'
"arbitrariness" may be involved In the

(4) Large quantities of items decision or whether a particular process is
handling or transportation.

(5) Routine. repetitive operations,
For purposws of this discussion, handling

MeChanically propelled handling equip- includes the following processes:
ment includes:

(I) Transfer of materiel from one point
(I) Forklift trucks in a facility to a transportation vehicle for

transportation to another facility
(2) Wheeled warehoutse tractors

(2) Transfer of materiel between vehicles
(3) Warehouse truck cranes (3) Transfer of materiel between different

(4) Pallet trucks points in a storage facility

(5) Fixed platform trucks (4) Transfer from the user supply facility
to the user. As can be seen front these

(6) Straddle-carry trucks processes, handling always involves loading,
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unloading, repacking, rearranging, and/oi An indication of the types of handling
local movement within a facility. impacts that are considered tolerable in the

handling environment and for which materiel

Having defined handling and the means Is pactagod to provide protection can be

(manual or mechanical) whereby handling is understood best by examining the values of

achieved, it is now appropriate to define, in these parameters as defined in the various

qualitative terms, the handling environment. specifications on impact testing, drop test-

The handling environment is a composite of ing, and other rough handling tests,

all the motions experienced by materiel as it
is transferred between transport modes and Rough handling tests include the incline-

within terminals. The dift'erent kinds of impact test, pendulum-impact test, edge-

mechanical loads that recur frequently car, wis-rop test, cornerwise-drop test, and
be categorized into three types (Ref. 6): drop test (free-fall) (Ref. 3). For edgewise-

drops (which consist of two drops for each
(1) Materiel or its containers impacting end of the packaged materiel) the height of

against each other as they are positioned in drop is a function of weight, Table 5-1
yards, either on chassis or handling equip- outlines the characteristics of the various
ment rough handling tests. The test methods for

performance of these tests are contained in
(2) Various bodies, such as handling gear Federal Standard No. 101 (Ref. 7).

and protrusions, impacting on materiel and
its containers at random locations on panels, Many Investigators deem the handling
roofs, frame, and bottom environment to be one of the most severe

environments with respect to shock and
(3) Hard landing on surfaces, such a impact loading of any portion of the logistic

uneven ground surfaces, the apron of a cycle, A considerable amount of discussion
dock, or a stacking position, causing concen- in the literature concerns the degree to
trated bottom loads elsewhere than on the which specifications on the various drop and
corner fittings. impact tests reflect the real handling en-

vironment. Many investigators feel that the
Factors that contribute to mechanical standards generally are too conservative and

damage include stacking, lifting, restraint do not reflect the severity of the actual
measures, racking (which is the application handling environment as it is encountered in
of lateral loading and top corner fittings normal handling operations. Quantification
against a restraining force in the opposite of the actual handling environment experi-
direction from the bottom corner fittings), enced by materiel and specification of the
lashing, and various forms of endwall and impact and drop levels that materiel must
sidewall pressures encountered by containers endure to be satisliactory are still in a state
within the handlin3 environment, of flux.

As demonstrated, the handling environ- 5-2-3 OTHER LNIVIRONMENTAL FAC.
merit can be %,ry severe, particularly with TORS
respect to impact that results in shock.

vibration, and/or mechatucal deformation. Aside from mechanical factors (primarily
The emphasis of most Military Specift'ltions shock and vibration), other environmental
on Impact or shock reflects the weverity of factors such as temperature, humidity and
the handling environment. Most shock specd- rain, and solar radiation may, during han-
fications involve drop and impict tests that dling operatiuns, contribute to materiel
can be recognized as direct analogs of events deterioration. Further, it is not uncommon
that can and do occur in the handling for the package to be compromised during
environment. hanJlinj, thus resulting in additional, con-
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TABLE 5-1.
" ) ROUGH HANDLING TESTS (Ref. 3)

Type Packaged weight, Height of drop,
lb in.

Edgewise drop < 250 30
(2 drops each end) 250-500 24

Cornerwise drop 500-1000 18
(2 drops on diagonally • 1000 12
opposite corners)

Pendulum-impact < 250 14
(one impact on 2 opposite 250-500 11
ends) 500-1000 8

•1000 5

Incline-impact < 250 84
250-500 66
500-1000 48

• 1000 30

tinuing exposure to ambient environmental can, however, continue uninterrupted for
factors, years and thus constitute a longer period of

materiel exposure than any other function in
54 STORAGE the logistic cycle.

5.4.1 GENERAL Second, protection in the handling en-
vironment is directed toward prevention of

Not only must all military materiel be rapid deterioration of materiel as a result of
packaged so that it can withstand the short-term exposure to specific, fast-action
handling environment, but most materiel, If environmental factors (such as shock and
it is to reach the user in operable condition, short-term vibration), while, in the storage
also must be protected in the storage environment, these factors are relatively
environment. This requires additional con- unimportant. Materiel in the storage environ-
straints on packasing since the environments ment requires protection against deteriora-
during handling and storage are essentially tive agents that are relatively slow in
dissimilar. They are dissimilar both in action-such as temperature, relative humid-
temporal duration and in the factors that ity, visible moisture, and microbiological and
represent the major hazard to materiel, macrobiological attack.

First, the handling environment Is of In the paragraphs that follow, the classes
relatively short duration and generally repre- of storage and the types of structures used
sents only a small fraction of the time that for storage are discussed. Next, effects of
the materiel is in the logistic system, in spite various storage environmints on materiel and
of the fact that handling occurs more the delineation of the environment in several
frequently, Storage, particularly depot or representative storage structures are given.
warehouse storage, of an item of materiel Finally, because food is generally the most
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perishable item in the logistic cycle and, (4) Type 2, Sheltered Storage, Consists of
therefore, the item most likely to be ventilated or unventilated, heated or un-
affected by long-term storage, several effects heated buildings, shelters, and closures of
of storage on conventionally processed structural characteristics designed to afford
rations plus a sampling of environmental protection from the elements. The stored
effects on food prepared by special process- materiel is not protected from atmospheric
Ing techniques are presented, changes of temperature and humidity. Pori-odic surveillance and maintenance are re-

quired to keep deterioration to a minimum.
5.4.2 CLASSES OF STORAGE

(5) Type 3. Dehumidified Structural Stor-
During storage, all military materiel must age. Consists of structures in which the

be packaged so that it is capable of atmosphere is maintained at a relative
withstanding the effects of the environ- humidity of 40 percent or les. Controlled
mental conditions to be encountered. From humidity storage in structures provides a
a packaging standpoint the various classes high degree of protection and is the most
and types of storage have been delineated as economical method of storage for items of a
(Ref. I): critical nature since little surveillance and

maintenance is required.

(I) Class A, Dormant Storage. Packaged
item is protected against the entry of the (6) Type 4C Dehumodfiled Nototruptuial
elements by preservation, sealing, covering, Satrage. Consists of complete or partial
and placing in shelter and buildings, either sealing of the packaged item with a
dehumidified or nondehumidified. Items in mechanical or stutic dehumidification of
dormant storage are not operated between each item, singly or in series, In which the
reprocessing cycles, relative humidity of the atmosphere within

the interior areas does not exceed 40
percent, Controlled humidity storage of

(2) Class B, Active Storage. Packaged individual items requires the surveillance of
item is protected by the same basic measures individual Items to insure constant protec-
as dormant storage except that certain tlon,.
preservation requirements are replaced or
supplemented by specific periodic exercising, The storage of explosive materiel is
either by running the equipment or by determined by the potential hazards of the
operating the equipment with an external materiel as well as deterioration factors.
power or driving source. Materials of an explosive nature must be

stored in standard ammunition magazines
(3) Type 1, Outside of Buildings (Open) designed for the purpose, or in areas

Storage. Open storage consists of a storage designed specifically for the storage of
area exposed to the extremes of the local, explosives, ammunition, or loaded compo.
natural environment. The package must nents. These areas usually are not wired for
protect the packaged items from all weather electricity and generally are not heated, The
elements as well as from fungus, pests, dust, packaged item must be adequately preserved
pilferage, and the unpredictable results of to protect it from deterioration.
idle curiosity. When it is known that
materiel will be stored In open storage, Most nonperishable materiel is placed in
maximum utilization of known packaging dormant storage, where it Is com1,lAtely
methods and materials Is needed to insure immobilized until required. Dormant storage
the serviceability of the stored materiel, usually lasts from I to 3 yr, depending on
Constant surveillance and maintenance are operational requirements for the item and
required to prevent deterioration, on the need for Inspection and for renewal
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of protective measures. Many items-aspe- resembles the general-purpose warehouse,
cially mechanical equipment-must be kept with a truck and railcar platform on two
in active storage where they can be operated opposing sides of the warehouse. The
every 60 to 90 days. This is necessary in inter-ior of the refrigerated warehouse usually
order to redistribute preservatives over criti- Is divided into two distinct parts. One part is
cal surfaces. The features of active and designated as chill space in which the
dormant storage are given in Table 5-2. temperature can be controlled between 32"

and 50*F, The other part is designated as
54.3 StORAGE STRUCTURES freeze space. In this area, the temperature

can be controlled below a level of 32*F.
Storage structure* in the military can be

classified broadly into two b;uic types, "-4.3,3 Flammabletorg Warehouse
covered storage and open storage, Covered
storage is storage within any roofed struc- The flammable-storage warehouse is built
ture. Within the broad category of covered of noncombustible materials and has fire.
storage, the military services utilize a variety walls with a 4-hr fire resistance rating, The
of structural types. The fundamental types main source of protection is provided by
in general use are (Ref. B): automatic deluge-type sprinklers connected

to an adequate water supply plus an
(I) General-purpose warehouse alarm-reporting system,

(2) Refrtierated warehouse 5.4.3.4 Above-gound Magazine

(3) Flammable-storage warehouse The above-ground magazine is designed

and used for the storage of ammunition and
(4) Above-ground magazine explosives. It is constructed with roof,

sidewalls, and endwalls. Because of the
(5) Igloo nature of the Items stored in them,

above-ground magazines are built of fire.
(6) Controlled-humidity warehouse proof materials and are well ventilated to

lessen the danger of explosion, The above-
(7) Dry tank ground magazines are widely separated to
() Sminimize the destructiveness of an explo-
S(6) Shed. sion.

5.4.3.1 Geneal-purpoe Warehouse M.3.5 Ig

A general-purpose warhouse is con-
structod with roof, sidewalls, and endwalls Igloos also are used for the storage of
and may be constructed on grade or raised ammunition and high explosives. This type
with loading docks, Cantilever-supported of magazine usuafly is constructed of'
canopies may also be provided, 'Ihis type of masonry with an arched roof covered with
warehouse may be heated or unheated. The earth. The arched root' is an added safety
greatest portion of the total available feature. In the event of an explosion, the
covered storage space at military installations highest point of the arch (being the weakest

normally is contained in this type of point) will collapse first, thereby lessening
structure, the damage caused. Good ventilation is

provided in igloos, and, although they are
6.4.3.2 Rfrigermted Warehouse not heated, the inside temperature ordinarily

ranges between 40" and 45*F in the winter
A refrigerated warehouse is used for the and 60 to 70*F in the summer, Igloos, too,

storage of perishable items. Outwardly, it generally are located in isolated locations,
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54.3.6 Controlled-humidity Warehouse For example, tarpaulins may be used as
sidewalls, or serviceable unused pallets may

The controlled-humidity warehouse is de- be positioned to form a protective wall.
sined to maintain relativo humidity within a
storage area at or below a predetermined 54.3.0 Open Storame
level. Since controlled humidity in covered
storage space has proved to be the most Open storage space is an improved or
efficient and economical method for in-storm unimproved area desnated for storing
age preservation or many items, it increasing- materiel. Open, improved storg space
ly is being used for on-hand stocks as well as Includes space that has been graded and
for newly procured Items. When controlled- surfaced with concrete, tar or asphalt,
humidity warehouses are employed, packag- crushed stone or pavel, or other suitable
Ing requirements often can be relaxed to topping (Fig. 54). Open, unimproved stor-
permit a more economical grade of packat- ane is an unsurfaced open area designated
ing, Almost any type of warehouse may be for stomrae purposes. The restrictions placed
operated with controlled humidity if it is on the use of material-handling equipment is
properly seald and conditioned. The num- a significant disadvantage in unimproved
betr and uses of controlled-humidity ware- open storage. In any type of open storage,
houses required at a storage Installation materiel protection requirements should be a
depend on the annual relative humidity of reasoable minimum, or stock should be
the location, the asligned miasii, and the placed in such a manner as to fullytcharterstison, the assigned minion, anwithstand the effects of weather exposure.characteristics of the stocked Items, For various reasons materiel stored In open

5,4,3.7 Dry lank areas often requires a protective covering
such as tarpaulins, This adds considerably to
the cost of storage operations both from theDrytas a r con stteoorucThede ofks metal het standpoint of materiel cost and the operat-

for a concrete floor, These tanks may have I overhead in covering and uncovering
controlled temperature and humidity. T1he'y drn nsoo adig sudrieare sealed units and are built at pound level during In-storage handling. This underlines
are s cal uiand ar d trund level the fact that only stocks able to withstand
with no car loading and truck loading the full Impact of weather conditions should
platforms. Dry tanks are used for long-term be ftre In op w ea s unless oher
ctorage. Most are Icid out in Iong lines to be stored ic open areas unless other
facilitate humidity control, Parts avd equip- overrding considerations make it necessary.
ment not destined for use for a number of 54.4 STORAGE AND CLIMATIC FAC-
years are stored in these tanks. Because of TORS
the size and shape of dry tanks, there
usually are no operating aisles for material- 5-4.4.1 Effeta of Storage Structure
handling equipment:

5-4,4,1,1 Introduction. The Naval Civil En-

5-4,3.8 Shed gineering Laboratory, Port Hueneme, Calif.,
Investigated the effects on a variety of

Sheds are used for storage of materiel that materiel (excluding food and clothing) of
requires maximum ventilation and does not five dlffeivnt types of storale environments
require complete protection from the over a 3-yr period (Ref. 10), lTe five
weather. A variety of materiel may be stored environments were an open-air slab, a shed,
in sheds in much the same manner as in a a standard warehouse, and two dehumidified
general-purpose warehouse. Shed-stored sup- warehouses, one with 50 percent relative
plies requiring added protection from the humidity and the other with 40 percent
weather may be protected by various means relative humidity. All structures were vase-
while other supplies requiring only minimum story, 40 X 100 ft, and of prefabricated
protection are left semlexposed (Fil, 5-3). metal construction,
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Figure $3, Tr/cj Prlm/t/v., Cowweedator. Shed and Op.,
Storag (Ret, 9)
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The open-air slab and the floors in the east winds which In-.,er the relative humid-
other four structures were 4-in.-thick asphal- ity. These winds are a seasonal occurrence.
tic concrete. The shed consisted of a During this period, relative humidity as low
building with its long leeward side open to as 5 percent has been recorded occasionally,
the atmosphere. The standard warehouse was but the average generally fails between 30
erected as received from stock except that and 40 percent despite periodic rains. The
the wells and ceiling were lined with relative humidity during the remainder of
insulation and fiberboard. The controlled- tl'w year approximates 70 percent. The water
humidity warehouses were similar to the vapor partial pressure varies directly with the
standard warehouse except that all joints dry-bulb temperature and relative humidity.
were sealed with a bituminous cement, the The vapor partial pressure curve is somewhat
windows and rear cargo doors were replaced sinusoidal with an amplitude of about 0.3
with regular metal sidinp, and the front in. oe' mercury and varies from 0.2 to 0,5 In.
cargo doors were sealed after stores were set
in place. The yearly curves for the standard

warehouse (Fig, 5-6) are similar to those of
To determine the possible effects of the op(. .tir shed curves. Again, the tempera-

outside storage on equipment removed from ture v,,.j,,tion is nearly sinusoidal with an
warehouses, most of the items in the 40 approximate IS-dog F amplitude, but It is
percent relative humidity warehouse were about 5 deg F warmer inside the building.
placed on the open slab for the last 12 mo The mean lows vary from 55 to 62*F and
of the test. The test lasted for a period of 5 the mean highs from 70V to 758F, The
yr. and the equipment in the test included building it.Alf damped the fluctuations of
such items as Jeeps, dump trucks, search- the relati't humidity somewhat, and its
lights, steam boilers, pumps, welders, bake variations less pronounced during the
ovens, lathes, and telephone switchboards.
The open-air and shed environments each winter moi ,',b. During the period of hot,
contained 19 different items, the remaining dry, east winds, the relative humidity drops

to around 15 percent, but throughout theenvironments each contained 29. Materiel to and wintercmnt, th rage foutt-was nspctedpetodiallyto eterinethe full and winter months, the average fluc:tu-
was inspected peodically to determine the ates between 40 and 45 percent. The relative
ability of each storage method to protect humidity during the remainder of the year is
equipment from rust. Equipment In the around 55 percent. The water vapor partialopen air was inspected every 3 mo, In the pesr uv elcsls rasosiashedevey 6 e, nd n th reainig tree pressure curve reflects less of a sinusoidal
shed every 6 mo, and in the rem ainin three pattern than the open-air shed curve, and it
environments every 12 mo. Upon comple- varies from approximately 0.23 to 0.58 in,
tion of the 5-yr exposure period, all of mercury,

equipment was given a final inspection.

5-4.4.1,2 Enviwnment-storale Relationships. Figs. 5-7 and 5-8 are the curves for the
Fig. 5-5 gives the average temperature, controlled humidity warehouses, The tern-
relative humidity, and vapor pressure for the perature curves for both the 40 percent
open-air slab and the shed for the period 1 relative humidity and the 50 percent relative
February 1956 to I September 1958. The humidity environments awe sinusoidal with
yearly temperature is nearly sinusoidal for approximate amplitudes of 15 deg F. The
these environments with an approximate desiccant machines add heat to the ware-
15-deg F amplituae. Mean lows vary from house air when a newly reactivated bed is
50Q to 55"F and the mean highs from 658 cycled into use: therefore, it is slightly
to 700F. The relative humidity curve for the warmer in the dehumidified warehouse than
open-air shed shows a conspicuous drop in the standard warehouse. Also, because of
during the late fall and early winter months, longer desiccant machine operations, it is
This drop is caused by frequent hot and dry slightly warmer in the 40 nereent relative
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TABLE 5-3.
ENVIRONMENTAL CONDITIONS IN STORAGE FACILITIES (Ref. 11)

Temperature, Relative humidity, Water vapor
Environment OFt% partial pressure,

in. Hg

Open slab & shed 61.1 68.9 0.378

Standard warehouse 66.0 55.0 0.363

50% RH warehouse 66.5 49.0 0.327

40% RH warehouse 67.3 39.7 0.272

humidity than in the 50 percent relative leaves a stain but no evidence of pitting,
humidity building, etching, or other surface damage visible to

the naked eye,
The relative humidity in each building was

held to within *3 percent relative humidity of (3) Cruas !11r ,'¶h'dium Corrosion, Loose orthe designated level. The water vapor partial grnarrtororsitoehrwh

pressure curves are sinusoidal and vary mostly visible evidence of minor pitting or etching,

with the temperatures since the relative (
humidity in each environment is essentially sc lass IV ruasv orcrroslon, Powdered
constant. The vapor partial pressure in the 40 scale or tight rust or corrosion, togetheer
percent relative humidity warehouse varies with deep pits or irregular areas o. material
from approximately 0.20 to 0.4 in, of removed lrom the surface,
mercury and in the 50 percent relative During the final inspection, it was evident
humidity warehouse from approximately 0.24 that the sam component w ustingto 0.42 in. of mercury. The overall arithmeti- thiat the same conmponents were rusting
to 0.42 in. of the temperaturea relative regardless of' environment and with littlecal averages of the prature reath regard for preservation methods. It also was
humidity, and vapor partial pressure for each round that the deterioration was somewhat
type of storage are given in '1 able 5-3, similar in ch environment. Five compo-

nents wer' involved predominantly: internal
5.4.4.1.3 EkfJrts on Materiel Rust and combustion engines, gear boxes, luel injector

deterioration encountered during each in- sets, hydraulic brake systems, and cooling
spection were classified and recorded. Rust systems,
classification was in accordance with the
following terminology. The nature of the deterioration of internal

combustion engines consisted almost entirely
(I ) Class I, Stain Discoloration or stain- of top cylinder rust including cylinder walls,

ing with no evidence of pitting. etching. or valvws, and head surfaces. This rust usually
other surface damage visible to the naked occurred when the vulves were in a closed or
eye. nearly closed position. Very little rust was

found in the cylinders when the vulves were
(2) Class 11, Light Corrosion, Surface open enough to permit air to circulate

Corrosion. Loose rust or corrosion, no tight through the cylinders, except in a few
rust or scale. When removed by wiping. it instances in which heavy rust was caused by
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water seeping into cylinders through a air and certain industrial atmospheres, Dust
leaking head gasket. Nearly all of the gears particles settling on the metal from the air

and gearboxes (Including transmissions), dif- also markedly accelerate corrosion.
ferentials, power-takeoff units, and transfer
cases of a 2-1/2-ton dump truck and the Measurement of the corrosion-producing
1/4-ton jeep were heavily stained. The sole potential of each environment was made
exception was a 2-1/2-ton dump truck, with an instrument called the corrosometer.
located in the standard warehouse, whose The unit consists of a probe or probes and a
gears were in excellent condition, In this special meter. The probe Is essentially a taut,
instance, a light oil preservative had been metal, sensing element 4 in. in diameter and
fogged Into the transfer case, and the 3 in, long which is connected electrically to
transmission differential and power-takeoff the meter during readinp. The extent of
unit had been protected with a lubricant, probe corrosion Is determined by measuring

the changes in electrical resistance as Its
A 30-kW diesel generator was the only cross section is reduced by corrosion,

item with fuel Injectors. These injectors,
irrespective of preservation level, all had A steel, an aluminum, and a copper probe
corrosion on such parts as the plunger, were placed In each of the live storage
sleeve, and spring, In the hydraulic brake environments. Corrosometer readings were
systems, rust was predominant in the wheel made periodically. Table 5.4 gives the
cylinders and the master cylinder, It Is likely corrosometer readings for each of the
that the brake' fluid had been contaminated environments during the first 2-1/2 yr of the
by water since the fluid was hygroscopic, A test, From these data It is clear that open-air
high incidence of rust occurred in the water storage provides the least protection from
pumps of engine cooling systems, caused by corrosion with the shed being second, the
water that had pocketed when the system standard warehouse third, and the controlled
was drained, The remaining rust and deterlo- relative humidity warehouses providing the
ration encountered at the final inspection most protection.
appeared to occur randomly and to be
caused by environment. General observations on the effect of

corrosion on equipment in the various
In the initial portion (first 2.1/2 yr) of storage structures were obtained at the end

the study (Ref. 11), It was concluded that of the test (Ref, 10),
corrosion is the most costly form of
deterioration of equipment in storage. The In the open-air storage, items that were
primary fuctors contributiig to corrosion are tncrated or in open crates had extensive
oxygen and alternate wetting and drying; exterior rust on places such as control
sunlight and variable weather are secondary. panels, switches, pulleys, flywheels, exposed
Oxygen is always present, while the wetting shaft ends, and universal joints, Boxed items
and drying action comes largely from were better protected and had much less
nighttime condensation and daytime evapo- exterior rust. For example, the sheet metal
ration. Condensation in areas with hight hood over a crated floodlight-trailer engine
dewpolnt temperatures may be visible as a was irreparably damaged, whereas a similar
film or as drops of water, In dry climates, it hood that was boxed was in good condition,
may be an invisible, microscopawally thin Interior surfaces, such as those found in a
film. Temperature stability, the partial pres- boiler, a heater, a bake oven, and a diesel
sure of the water vapor In the air, and the generator, had considerable rust.
mass-area ratio of the object all influence
the amount of condensation, Corrosion In the shed storage, the exterior condition
accelerates if condensation Includes dissolved of uncrated oi open crated items was poorer
mineral salts such as those present In ocean than those that were boxed, much like those
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in the open air except that the rust was less The effects discussed in this paragraph
severe. Also, items stored on the open side were those directly concerned with opera-
were generally in poorer condition than tion of the equipment. The effects of rain,
those along the wall where they were more dust, sunlight, and general weathering as

shielded from the weather, they affect the serviceability and life of the
equipment were not determined, Table 5-5
shows the time sequence of rust and

In standard warehouse storage, rust oc-
cuffed that was attributable to environment. d et erio d in the oe n shedThis rust, however, was limited to small trte6-epro nteoe hd

tor stain with Table 5-6 shows a similar time sequence of
exceptions such as the combustion chamber rust and deterioration for items stored In the

standard warehouse, adTable 5-7shwand shell of an oil-fired heater and the stnrdwehueadTbe5-sos
the effects of storage in the 50 percentinterior of the compression tanks at" com-comptw rerstsion tank s ic- relative humidity warehouse. In all these

pressor sets where rust was more extensive, tbe h oa ueasi aetee
The general exterior condition of all other tables the Roman numerals in parenthesesitem wa goo wih litleor n chnge refer to the four classes of corrosion
items was good with little or no change discussed earlier, Where gear boxes are listed,
(except dusty surfaces) being apparent, it sederlito herv gtanin ocase bysteit refers to heavy staining caused by the.

MIL-L-2105 gear lubricant. NC means no
In the dehumidified storage warehouses, change in amount of corrosion from the

no rusting attributable to the environment previous time period in which corrosion was
occurred. Some rust occurred on items that reported,
were stored temporarily in a shed 4 or more
weeks waiting tor the warehouses to be 64.4.2 Warehouse Temperature: Various
erected prior to the initial start of the test. Climatic Environments and Storare
Subsequent storage in the dehumidified Methods
atmosphere arrested this rusting, With the During long-term storage of nonmetallic
exception of the rusting due to the materials (for which corrosion is not a
temporary storage and the five components significant factor), temperature is generally
previously discussed, all items were in the most severe environmental factor en.
excellent condition with no apparent differ- countered in warehouses, High temperatures
ence in the condition of items stored in the are encountered in a wide variety of
50 percent and 40 percent relative humidity environments and are characteristic of many
warehouses, All exterior surfaces were in types of' warehouse storage, For subsistence
very good condition with very little surface items~ in particular, food, as well as a
rust. No detrimental effects of the dehumidi- number of other perishable items tempera-
fled environments were detected on seals, ture represents the factor most likely to ltad
rubber, wire harnesses, or gaskets, to deterioration during long-term storage. As

a result of the broad impact of high
Some engines were removed from the 40 temperatures on materiel in storage, it is

percent relative humidity warehouse after 48 important to consider the relationships
mo and stored in open air for the following among climatic environments, storage meth-
12 mo, These had the usual internal rust ods, and the temperatures experienced by
plus a considerable amount of other rust materiel under these conditions of climate
caused by exposure to the outdoor envtro'-i- and storage, "the paragraphs that follow arc
ment. The pattern of rusting during the final intended to provide this information,
12 mo followed quite closely that of items
that were stored originally in the open air 5-4.4.2.1 Temperature Ds'Iribution it a
for the same period .;i time. The general Typical Army Warehnouse, The temperature
exterior condition of the items deteriorated regimes at selected points in a typical Army
rapidly during the 12 nwo of outside storage. warehouse at Richmond, Va., with and
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TABLE 5-6.

TIME SEQUENCE OF RUSTING IN STANDARD WAREHOUSE STORAGE (Mef. 10)

Exposure time, me

Vehicle 12 24 36 49 60

Pressure plat@l
Truck, dump clutch , NCt NC N

1/2-1Z t~n 10% (1)
(domStic)

Brake cylinders

Gear boxes +

Rear differen-
tial pinnion NC 1C K me

Truck, dump shaft 
.% 

(1)
2-1/2-ton Intermed iate(contact)

differential NC
innion shaft

Trulk, dump Wheal 1',( NC
2-1/2-ton race 1 % (1)

(contact) -rake cy1,deys
40% (1)

Braoe drum
6% (1) NC NC 1C NC

Front I rear
differential NC NC NC NC

Truck, boarn ttraps
(domesttc) arn Water 

pump

100% (111)

Drake €ylinders
60% (1)

Gear boxes+

Engine c€1inder wiall

• Truck, ieee(contact) Drake cylinders
30% (I1)

Gear boxes*

Raun num.r.ls .er tt .*rosion classes as defined in text, par, 5-44.1.3.

+C - r.• change in amount of corrosion since previous reporting period

*Gears in gear boxes were heavily stained, apparently by reactioh with the MIL-L-2105 lubricant

5-27



AMOP766116

TABLE 5-7.
RUSTING IN 50% RH WAREHOUSE STORAGE (00 ma) (Ref. 10)

Ito Percent of Rust
(type of preservation) Rusted part surface rusted, classification

Slicer, meat Electric motor 20 !
(domestic)

Slicer, meat Electric motor 20 I
(contct)

Fogine cylinders 70 II

Brake cylinders C0 II

Truck, dump -

2-1/2-ton 6 x 6 Water pump 100 III
(domestic ) .... .... . . ... .. . .. ... .

Air compressor valves 90 III

Gear boxes*

Truck, dump Water pump 20 II
2-1/2-ton, 6 x .

(Contact) Gear boxes*

Truck, J"p Brake cylinders 20 1I
1/4-ton, 4 x 4 .

(domestic) Gear boxes*

Brake cylinders 20 IT

Truck, Jeep
1/4-ton, 4 x 4 Water pump 70 III

(contact) ... ......... .

Gear boxes*

Oears in gear boxes were heavily stained, apparently by reactions with the
MIL-L-210 lubricant.
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without insulation and ventilation have been (2) Second, the temperature differential
determined by the U.S. Army Natick produced by manually actuated, forced
Laboratories (Ref, 12). Air temperatures and ventilation of bay B between the hours of

humidity were measured Inside food cartons, 2000 and 0800 was measured.
in the open warehouse, and in the outside
air, both under normal operating conditions (3) Third, the temperature differential

and under conditions imposed by reflective produced between 1700 and 0800 by

ceiling insulation with or without moderate automatically actuated, forced ventilation of

forced nighttime ventilation. bay B with improved intake areas was
mea&ured,

In this study It was pointed out that for
sterile dugradation the logarithm of reaction Fig. 5-13 shows the warehouse air temper.

rates of foods in cans Increases in an atures for the hottest day of 1956, On this

approximately linear relationship with the ialgram the ventilating control and outside
increase in storage temperature, It is pre- temperatures were given. In the study, the
dicted that a decrease of 5 deg F in storage temperature differential produced by ventila.
temperature will result in a 21-percent tion and insulation generally are low and
increase in storage life while a lO-deg F range between I and 2 deg F. Table 5-9
decrease will ivsult in a 47-percent increase, shows the temperature differential between
Temi erature reduction can be tchieved the top carton monthly mean air tempera-
either by constant temperature storage ture In a control bay versus that in a
conditions or by lowering the mean tempera- ventilated bay for selected periods of
ture of material stored In a fluctuating ventilation. The affect of insulation is also
temperature environment. As a result, any shown in the mean air temperature ditferen.
lowering of warehouse mean temperature tial value of 1,85 deg F for the period April
could result in substantial gains in storage through July 1956. By contrast, the maxi.
life of canned foods, Figs. 5.9 throush 5-12 mum effect of ventilation Is shown by the
show the mesn daily warehouse and mean difference between that figure and 4,25 deg
daily minimum outside air temperatures for F for the similar period in 1957 when both
warehouses located at Richmond, Va., insulation and ventilation were operative,
Schenectady, N.Y., Fort Worth, Tex.. and This difference is 2,4 deg F.
the Sharpe Depot in the San Francisco Bay
area of California, From thewe figures, it can As a result of this study, it was concluded
be seen that large differences occur between that the greatest yearly temperature differen-
the mean daily temperature of warehouse air tial between ventilated and nonventilated
at the 15-ft level and the nighttime mean bays produced by both Insulation and
daily minimum outside temperature. Table ventilation was equivalent to only an
5-8 gives two indexes of the mean annual I-percent difference in reaction rate or
humidity in Army warehouses. increase in storage life for the period from

May 1957 to May 1958. During the summer
Two bays of Warehouse 32 of the of 1957, from April through July the

Richmond Quartermaster Depot were used differential was 4.25 deg F, which corre-
in the study. The study consisted basically sponds to an 18-percent difference In
of three parts: reaction rate or ar. increase in storage life of

18 percent for the late spring and early
(1) First, it was planned to measure the summer months. It was concluded that,

differential between temperatures produced although the temperature inside the ware-
in contrasting bays by insulating the ceiling houses can be reduced by ventilation and
of one bay, the so-called experimental or insulation, the increase in storage life was
ventilatedI bay (bay B) and leaving the not sufficient to Justify the cost and
control bay (bay A) unmodified, Inconvenience of modification.
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Figure 5.9. Warehouse Temperatures, Richmond Depot (Ref. 12)
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TABLE 54,
HUMIDITY IN A'• MY WAREHOUSES Ret. 12)

RelativL humidity, % Vapor pressure, mm Hg

Belle Meade 80.9 10.7
Corozal 79.3 22.8
Auburn 70.3 8.3
Charlotte 69.0 12.9
Hawaii 67.3 16.4
Richmond 67.0 11.2
Ft. Worth 66.5 13.1
Schenectady 64.0 5.1
rinsas City 63.9 9.8
Columbus 63.7 8.4
New Cumberland 63.4 8.7
Memphis 62.9 11.4
San Antonio 62.6 14.3
Atlanta 62.0 10.9
Cameron Station 61.3 14.5
Chicago 56.0 9.8
Philadelphia 55.0 14.3
Sharpe 53.0 9.3
Jeffersonville 51.0 8.9
Mira Lom 49.3 9,1
Ogden 48.0 6.4

5-4.4.2.2 Temperature Distribution in Desert Thus, accurate comp.•rison of the China

Sloe-age Magazin,' The storage temperatures Lake or Hawthcrne data to the Yuma data
of explosive o 1ý,nce have been obtained is difficult, Analysis indicated that if these
from Army and isavy fa.,ilities loc:xted in the differences had not existed, the temperatures
desert regions of the Westei., n1J•ted States at Yuma would have been lower. On the
(Ref. 13). "'hL, data tubuluted in.:Iuded: (1) assumption that these data are representative
tw number of measured temperatures ex- for all desert storage magazines, it is
ceeding nominal temperatures for each concluded that the temperature of stored
mI'oth. (2) the average maximumn and ordnance explosives, propellants, and pyro-
average minimum temperatures for each technics will probably never exceed 120'F.
month, and (3) the standard deviations of'
the nmaximum• and minimum terpertures Data also were collected at Yuma on an
for each month. Ditta on tempera,ures above-ground corrugated steel building with-
exceedinig nominal are given in TFable 5-10, out insulation and an outdoor tarpaulin-
and average maximum and minimum temper- covered structure. The highest temperatures
atres ate gtivn for various sampling .,Vriods recorded were I I1)F for the steel structure
in Figs. 5.'I through 5-16. and 1 21 F for the tarpaulin-covered struc-

ture. Tiese are not significantly higher than
Sstorage miagazines at Yumam are the highe!,t magazine temperature recorded

different t'rmn dr.)'" at (China Lake and of I It)i:.
llawthborne. and thie te•mnperature-measuring 5-4.4.2.3 7"tnperaturv, Distribwtiowm in Tropi-
d('vices wer,' located at difTerent rx)ints. cal S•oragc' MaRa.ri,'s. The itorage tempera-
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TABLE e."

EFFECT OF INSULATION AND VENTILATION ON WAREHOUSE TEMPERATURE (Re. 12)

Period Temperature
(inclusive) Treatment differential,*

deg F

April - July 1956 Reflective insulation 1.85
Sept 1956 - March 1957 Manually actuated ventilation

and reflective insulation 1.42

May 1957 - May 1958 Automitically actuated venti- 2.75
latton and reflective
insulation

Sept 1956 - March 1957 Manual ventilation 1.42
Sept 1957 - March 1958 Automatic ventilation 1.88

April July 1956 Insulation 1.85
April " July 1957 Insulation and ventilation 4.25

Differential between temperature measured in top center of carton of an
uninsulated control bay in warehouse and that In a similarly placed
carton In an experimental bay in the same warehouse with the indicated
treatment

January 1957 omitted because data were missing. January 1958 omitted to give
comparable means.

TABLE 5-10.
TEMPERATURE EXCEEDANCES AT DESERT FACILITIES (Ref. 13)

Percentage of maximum tenperatures
Storage Years* Nt greater than or equal to

location
806F 90OF 1006F 105'F 1100F 115F 1170F

Chins Lake. Calif. 3 22,387 44.3 17.8 0.0 0.0 0.0 0.0 0.0
Hawthorne, Nev. 5 33,881 28.7 0.1 0.0 0.0 0.0 0.0 0.0
Yuma, Ariz. 7 11,208 51.3 33.3 10.3 2.0 0.4 0.03 0.0

*Lenyth of time in complete calendar years

tNumber of data points represented in the sampling

ture of explosive hazard magazines in the The ordnance temperature lags the air
tropical zone of the western Pacific also temperature fluctuations within the maga-
have been determined (Ref. 14). The data zines, Table 5-11 summarizes the data by
were accumulated for the air temperatures locatkin and magazine type. The maximum
,nside the vtorage magazines, not for the air temperature recorded in the rnon-earth-
actual temperature of the stored ordnance. covcred-type shelter occurred in the maga-
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Figure 5.14. Average Maximum and Minimum Storage

Temperatures, Chine Lake, Calif. (Ref. 13)
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Figure 5- 15. Average Maximum and Minimum Storage
Temperatures, Hawthorne, Nev. (Ref. 13)
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Figure 5.16. Average Maximum and Minimum Storage
Temperatures, Yuma Proving Ground, Ariz. (Ref 13)
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zine at Subic Say, Republic of the Phil- In Table !-12 data abstracted from these
ippines. This temperature, I l0F, falls signi- measurements are presente, showing the
ficantly below th• existing storage specifica, absolute maximum surface air temperature
tion requirement for a maximum teti.pera- in a carton fcr the various storage condi-
ture of 165'F. Thus, it was coneluded that tions. Table 5-13 giv's absolute maximums,
air temperatures encountered in explosive means, and standard deviations of hourly
storage magazines located in the Tropics -All temperatures at representative Interior and
probably never exceAd ]I 5*F. exterior positions in stacks of cartons and

survival ration cartons for the total period.

5-4,4.2.4 Temperature Distribution In Desert
Food Storage -D'umps, V-ta on temperatures Analysis of these data indicates that the
in food storage dumps at Yuma, Ariz,, have highest mean temperatures are found in the
been reported as typical of desert installa- air of the top center carton. However, the

tions (Ref. 15). Ouring a .43-day summer top southwest corner carton air reached
period, temperatures were observed in food greater absolute maximum temperatures as
storage dumps containing cartors of C- shown in Table 5-12 and Figs. 5-17 through
rations and a few calýons of Navy survival 5-20, Carton air temperatures normally wer.
food packets (abandon-ship rclion cartons). measured within one of the six ration
The C-rations were arranged in stacks and packages; however, thermocouples located
exposvd with various typ~es of protection outside and between the packages showed
(Fig. 5-17). higher absolute maximum air temperatures.

Table 5-13 clearly shows that the stack
covered with a tight tarpaulin had the

Yuma has a summer climate with high highest mean temperatures, even in the
temperatures and high solar radiation, In bottom center carton. The other three stacks
addition, in July, Yurna tormally experti have surprisingly little mean temperature
ences a change from dry to a moderately gradient between the surface and interior
moist airmass, although incoming solar ind cartons, Also, little difference occurs from
sky radiations remain high. Fig. 5-18 shows stack to stack at comparable positions in
tbo location of th#,-mocouples used to make each of the three types of stacks other than
the tempeototre measurements in the that of the tight tarpaulin-covered stack, The
stack,.J cartons. Fig. 5-09 shows the ;oeeation latter had a lO-deg F gradient of mean
of the thetmocouples in the indtiLual t-mperature between top center and bottom
cartons. center cartons, compared with the nearly

is therrnal conditions of the other stacks.
fiH, 5-2( gives temperature data for an Mean temperatures at all positions listed in

open stack, Fig. 5-11 tf'r a raised fly stack, Table 5-13, except those in the tight
and Fig. 5-22 for a tiglt tarpaulii stack, Fig. tarpaulin-covered stack and the survival
5-23 Ovws :urvlhr data for a raised fly with rations, were equal to or lower than mean
foil stack. The open Utach consisted of outside air temperature,
unprotected cartons stackt. on a rlilet, The
raised fly stack is a stack of rations Differnmces between temperatures in the
prctr-ted froee solar radiation by a raised dry and ruoist periods are given in Table
tarpaulin pcrmitting ventilation from the 5-14. The data show that mean storage
sides rind ends. The tight tarpaulin stack is temperatures are higher in moist air. At all
protected by a tarpaulin that is lashed thermocouple positions, a 3- to 5-deg F
tightly around the stack with no provision increase in tiemperature occurred in spite of
for ventilation. Finally, the rvised fly with the fact that solar radiition decreased. ltis
foil stack is similar to the rais,ýd fly stack increase in storagc temperature in sunny but
except for an additional foil covering over humid weather is attributed to the reduction
1he .bt;k. of outgoing longwave radiation at night by
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I A Top center carton, air

SC Top center carton, food

II A Carton below I, air

III A Carton in diametric center of stack, air

IV A Center bottom carton, air

V A Center west face carLon, air

V C Center west face carton, food

VI A Top center carton, air,outside ration package

VII A Upper southwest corner carton, air

A -Thermocouple in ration package, air

C -Thermocouple in can in ration package, food

FRore 5. 18 Location of Thermocouple Positions In Stacked Cartons (Ref. 15)
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(All measurements are in inches.)

A. Carton air thermocouple
B. Food thermocouple
C. Ration package

Figure 5-19. Test Carton Configuration (Ref. 14)

the increased water vapor in the total sidings or in temporary storage. Measure-
airmasn column. This results in higher ments were made at the Tropic Test Center
minimum temperatures. From these studies, in the Ft, Clayton area of the Panama CE A
it is concluded that summer storage heat Zone. A meteorological station located at
stress will be greater in areas like the shores the test site recorded solar radiation, air
of the Red Sea, or on large tropical islands temperature, relative humidity, average wind-
where high solar radiation is combined with speed und direction, and rainfall. During the
high atmospheric humidity. period of the test, daytime temperatures

were in the high HO's or low 90's and
54.4.2.5 Temperature Distribution in a nighttime temperatures were in the 70's.
CONEX Container. The temperature iiside Urge amounts of rain fell during the test,
enclosed shipping containers such as Wec but, during the morning, skies were generally
CONEX was monitored to develop proce- clear with development of partly cloudy
dures for predicting temperatures In such conditions in the late al'ternoon.
containers (Ref. 16). In these tets a
(CONEX container was left standing in the 'lihe container was located in a clear area
sun to simulate the conditionR on railroAd in a shallow gpound depression. During the
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TASLE &13.
TEMPERATURE DATA FOR TACKED CARI, INS AND RATIONS ItI. 15)

Standard Absolute
Position Mean deviation, maximum,

OF dog F OF

Outside air 90.8 9.4 114

Abandon ship ration,
black cover 95.9 17.7 131

Abandon ship ration,
no cover 92.4 15.9 127

Top center carton aI r

Open stack 90.2 6.5 109
Raised fly stack 89.1 5.5 104
Tight tarpaulin stack 100.2 7.6 118
Raised fly with foil stack 88.0 4.0 100

Second layer center carton air

Open stack 88.1 4.4 104
Raised fly stack 88.9 3.7 100
Tight tarpaulin stack M M M
Raised fly with foil stack 87.7 3.6 97

Stack center carton ai r

Open stack 87.6 3.8 99
Raised fly stack 88.4 3.5 99
Tiqht tarpaulin stack 93.3 3.3 100
Ra'ised fly with foil stack 87.6 3.4 96

Botton center carton air

Open stack 87.1 4.2 99
Raised fly stack 87.2 4.1 99
Tight tarpaulin stack 90.1 3.3 98
Raised fly with foil stack 87.2 3.8 99

M a missing data.

reflected through.,|t the container, but with Additional data on extreme temperatures
a lesser degree of change. On this same day, encountered in storage or transit are given in
the highest total solar radiation was also Table 5-16.
recorded. The maximum temperature re-
corded for the roof was 1620F. for the 5-4.4.3 Food Stavig.
ambient air, 950F. and for the center of the
container. I 10F. The very high roof 5-4.4.3.1 Storage of Conventionally Pro-
temperature compared to the ambient air cessed Rations, Data on the stability of
temperatures ýr Icates the significant effect representative types of Civil Defense shelter
()f solar radi' don on materiil stored in rations Including cereal items, carbohydrate
closed containers in the open. supplements, and their pai;kaging materiill
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TABLE 5.14.
STORAGE MEAN TEWERATURE CONTRAST BETWEEN DRY AND MOIST PERIODS Itef. 1%)

Dry period Moist period
Stack and ending 11 July, ending 3 Sept, Difference,
position OF dog F

Stack center carton air

Open stack 86.0 89.1 3.1
Raised fly 66.9 89.7 2.8.
Ttght tarpaulin 90.9 95.7 4.8
Retsod fly with foil 85.8 89.4 3.6

Botton center carton air

Open stack 85.2 88.8 3.6
Raised fly 85.2 89.1 3.9
Tight tarpaulin 87.7 92.4 4.7
Ra sed fly with foil 85.2 89.2 4.0

Top center carton air

Open stack 88.2 92.0 3.8
Raised fly 87.0 91.1 4.1
TIght tarpaulin 98.8 101.5 2.7
Raised fly with foil 86.2 89.7 3.5

Second layer center carton air

Open stack 86.5 89.7 3.2
Raised fly 87.3 90.4 3.1
Tight tarpaulin M M M
Raised fly with foil 85.9 89.6 3.7

Outside air 88.7 92.7 4.0

Abandon ship ration

Black cover 94.7 97.1 2.4
No cover 90.1 94.6 4.5

Tight tarpaulin stack

Center of lower surfaces
of tarpaulin cover 98.5 101.4 2.9

M Missing data.
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Figure &-24. T"mpwwture Sewr Locarions In the CONEX
Contmln. Rf. 16)

TABLE 6.15,
MAXIMUM TEMPERATURES RECORDED IN CONEX CONTAINER IN TROPICAL

CLIMATE (RIN. 1)

Locati on/*F

Time, AJl 9J1 BJ2 CJ1 CIJ2 OJ1 0,2
hour ambient AJ2 east south 6 In. under 18 in. under west 36 In. under
of day air roof wall wall roof rojf wall roof

0930 92 122 118* 126 115 1(9 100 93
1000 93 134 118* 127 118 113 97 104
1250 93 162* 111 135* 128* 122* 120 113
1430 93 145 107 122 126 122" 131 116"
1530 qb* 13j 106 118 126 122* 136* 113

*t4aximum temperature recorded by probe.
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are available (Ref. 17). Rations from differ- master Food and Container Institute (Ref.
ent procurement lots were stored for up to 18). Forty-three food items. mostly confec-
5 yr with various controlled temperature and tions. were stored for 2 yr while 50
humidity conditions. Storage conditions representative bakery. cereal or coffee,
ranged from 0W to I0OI and with 57 and confection. dairy, meat or fish, and vtgte-
80 percent relative humidities. table and fruit products were stored for 7

yr. Storage temperatures varied from 200 to
Considering packaging observations first. IOO°F with 50 to QO percnt relative

the bursting strength of fiberboard cartons humidity. Both tin cans and flexible con-
was reduced by storage at 70' and I00'F tainers were used. The most outstanding
but increased by storage at 47' and OF. result from this experiment was the extent
Bursting strength was not sipnificantly corre- by which the storage life was increased at
lated with moisture content or with relative reduced storage temperatures. Each of the
humidity on which moisture content de- qualities appearance, aroma, color. texture.
pends. The general condition of the cartons flavor, acidity, drained weight (where appli-
was satisfactory. Although the bursting cable). and vitamins of all products re-
strength at high temperatures was reduced, spundcd favorably to refrigeration. For
there was no collapse and relatively little example. the storage life of canned pork
distortion, essentially no molding or delami- steaks was estimated at approximately 20 yr
nation. only moderate staining, and practi- for 0O or 20F. I5 yr at 32*F. 7 yr at
cally no change in legibility of labels or 47"F. 5 yr at 70"F. and 30 mo at l00*F.
markinp. Corresponding figures for chocolate fudge

bars were 40 yr. 17 yr. 6 yr. 2 yr. and 4
Corrosion of metal cans increased during mo. The estimated percentages of the rationb

the fourth and fifth years of storage at g0 that would remain acceptable for various
percent relative humidity. Ten to 20 percent duration% and temperatures of storage are
of the external surfaces ;orroded along summarized in Table 5.17.
scams and on panels. Internal corrosion was
relatively slight. No leakt were caused by Undesirable changes also occurred as a
corrosion, result of the freezing and thawing of some

products. Products damaged to some extent
Cereal items in the rations were in good by freezing were canned beef and vegetables

condition with moderate change in texture with gravy. bat-on. salad. sausage patties.
as a result of increased toughness or chicken and noodles. frankfurters with
brittleness at higher temperatures and with beans, pound meat with spaghetti. pork and
acceptable-to-good aroma and flavor. gravy, beefsteak, tuna and noodleb. beans
Crackers and biscuits stored at 1000F were with pork, and tomatoes. Only bean% and
well below th.- specified level of quality for tomatoes were damaged completely beyond
continued storage but wafers had changed an acceptable grade.
relatively littl' during the storage,

From other storage studies at the Quarter-
Carbohydrate supplements were not w- muster Food and Container Institute. it has

verely affected by storage environment but been demonstrated that almost all canned
were dIfnitcly off-culor. However. candy and dehydrated foods keep well at 40*F and
stored at 100OF was rated moderately good in many instances for short peritols at 70*F
to cat. (Ref. 1I). At IO1"F, however (a temrp, ia-

ture often reached in ordinary warehouses),
Another study of long-term food storage deterioration is rapid, in some cases occurring

was conducted on a total of 93 military within 12 mo. One type of ration was
ration items more than 26.000 cans and subjected to storage for 2 yr at 70'F and
86.000 flexible packages by the Quarter- for 2 yr at I000F. At the end of I yr of
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TAKtE g-17.
ESTIMATES FOR SURVIVAL OF RATIONS FOR VARIOUS CO01MNATIONS OF STORAGE

DURATION AND TWMPBRATURI |IM. 181

Percent of rations acceptable after
Indicated storage duration

Touperature,
OF Years

1/2 1 1 2 3 5 7 10 15 2 3

0 to-20 94 91 77 65 41

32 98 90 78 62 22
47 90 54 22

70 52 38 28

100 68 54 34 20 <5

storage, there was no marked difference in and IS flexible-p-ckaged products from
the rations. At the end of 2 yr at V0 F. the Ouartermi ,r operational rations for storage
ration had not deteriorated signiticantly. but test. The lowering of temperatures again
that 'tored for 2 yr at 100*F showed such proved most effective in preventing deterio-
extreme deterioration that the ration was ration. For example, cereal bars reached the
unacceptable for iosumption. Deterioration limit of acceptability when stored at 1006F
included browning of cereal bars. lpving for 5 mo. when stored at 70F for 14 mo.
them a distinctly mottled appearance. and a and when stored at - 10 F for 40 mo. Other
black tarry appearance of tea and coffee foods showed similar trends. In general,
products (probably caused by absorption of edible components remained acceptable
moisture). The bouillon powder was de- about one-third as long at 100*F as at 70F.
scribed as being similar to charcoal, gum about two and one-half times as long at
pellets had become cream-to-tan in color. 10F as at 70*F. and about six times longer
chocolate bars were dry. almost powder,, at 10*F than at 1006F. Other effects noted
"and fruit bars had a mottled black and were that migration of fats was prevented.
brown appearance. Flavors had transferred the interchange of moisture and corrosion of
from one item to another, and chemical interiors of cans were reduced, and insect
analysis disclosed that moisture invasion had damage was prevented by refrigerated stor-
occurred. age.

Navy survival rations have been subjected
to storage for 3 mo at 700F. 100"F, and Not all foods deteriorate at the same rate
140(F. Distinct changes were observed for under a given set of conditions. This poses a
those stored at 10O*F and 140aF. Deteriora- problem when a ration contains. in the same
tion effects included the inversion of package, items of goou as well as some with
sucrow. leakage uf fats, and browning of poor stability because of the possibility that
fruit bars. Indications are that a majority of the more rapidly deteriorating itenis will
survival food items would keep in good spoil the remainder. Another facto, to be
condition for n• minimum of 5 yr a( 40KF. considered in storage of rations is relative

humidily. Whenever changes in temperature
In other tests, the Quartermaster Food occur, internal redistribution of moisture

and Container Institute selected 35 canned must be possible within a package as well as
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exchange with the moisture content of whatever atmosphere surrounds them. As a

ambient air for nonhermetic packages. result, the volume and comoysitioa u.' the
container headspace atmosphew,,-',vtrmines

The effect of freeze-thaw cycling. such aLs the extent of expoi:ure of the product

can occur in the logistic cycle, on the during storage. The container hcadspace

vitamin content of prepared food in pouches employed in ;his investigation varied front

has been studied (Ref. 20). The particular 70 to 90 percent of the total volume of the

ration studied is one designed to sinmplil'y container. The substantial volume. coupled

combat feeding by the use of convenience with large surface area of the dried food

foods It is composed of 12 flex.bie- products, provides an appre'iVble exposure

packaged menus. plus two alternative menus. of thee product% to oxygen. even with a

each of which 6 a complete meal and moderately low oxygen partial pressure. As a
provides at least 1.200 calories and one-third result, oxidation can proceed at a rapid rate.

of the daily nutrient requirement. All items unhampered by penetration barriers.

are packaged in Mylar-ftoil-polyetlylvne lami-
nated bugs or pouches. Samples were Another mcans by which oxidative dam-

subjected to one. three. and six treeze-thaw age can occur to freeze-dried products is
cycles. Vitamin content was analyted prior exposure tV air during the interval between
to and after cycling. Test results showed removal of the product from the freeze

that nine of the menus significantly de- dryer and sealing in the package coittainer.
creased in vitamin A and carotene 44 Molecular oxygen Is rapidly and tightly
percent and 28 percent destruction of bound by these products and is desorbed
vitamin A and carotene. respectively, Initial slowly, if at all, during storage, The test
content of reduced ascorbic acid decreased conditions in this study were such th0t the
one-fourth after one cycle and one-half after relative effects of prepackaging air exposure
six cycles. For most menus, the thyamine and storage atmosphere could not be
content decreased approximately 20 percent differentiated. Packages were scaled with 2,
during the first cycle, and no further lo- 4. and 20 percent oxygen atmospheres and
was encountered. The vitamin B, content stored at temperature of 100*F for a 6-mo
decreased during cycling at the end of the period, Considering the freeze-dried beef
third cycle, a 13-percent reduction: by the only, the items stored under 2 percent initial
end of the sixth cycle, an additional oxygen atmosphere were considered accept-
"7-percent loss, able for use after storage. Although some of

the other products tested were not com-
5-4.4.3.2 Storage of Specviir Processed pletely unusable when stored for 6 mo with
Ratkons. The type and extent of deteriora- higher oxygen concentration, the quality of
tive reactions that occur in precooked. the product was significantly better with a
freeze-dried food in adverse storage environ- lower oxygen concentration,
ments have been studied (Ref. 21). Freeze-
dried beef'. chicken. carrots. and spinach Moisture was the second most significant
were employed as the study materiel. The parameter monitored in this series of' tests,
variables monitored were residual moisture Generally. the lower residual moisture levels
level, headspace oxygen concentration, and yielded better products at the end of the

duration of storage at elevated temperature. storage period.
Of the variables studied, exposure to oxygen
appeared to be the most significant factor in In another study, the effect of storage
degradation of freeze-dried produbcts stored temperature on dehydrated lima beans was
at elevated temperature. examined (Ref. 22). In these tests dehy-

drated lima beans that had been prepared
Since freeze-dried foods are extremely for storage using different techniques were

porous, large surface areas are exposed to subjected to various temperatures of storage:
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40'F, 70F, and 100*F. Results indicated susceptible to absorption of odors from oil,
that storage temperatures significantly affect paint, naphthalene, and similar products.
the texture regardless of preparation meth-
od. Lima beans stored at 100F exhibited a The causes of spoilage in canned foods are
tougher texture than those stored at 40*F or the same as for fresh foods. mainly microbes
70PF. (which include bacteria, molds, and yeast),

chemical reactions. and physical damage. In
some instances, only one factor is the cause.

114.5 PRACTICAL CONSIDERATIONS ON but more frequently spoilage occurs as the
ENVIRONMENTAL STORAGE OF result of a combination of these conditions.
SUNISTENCE AND EXPENDABLE
ITEMS Wool and mixed wool clothing in storage

must be protected from damage by moths.
TM 10-230-a manual on storage of The methods of protecting clothing include:

supplies-discusses the sturage of materiel
(including Items of materiel unusually sus- (I) Initial treatment of such clothing with
ceptible to attack by environmental factors). mothicide or inscticide by the manufacturer
the Identification of environmental factors with additional treatment at the depot when
considered most likely to cause deterioration the clothing is repacked or baled
of susceptible items, and some practical
general observations on storage of materiel (2) Use of mothicide or insecticide in the
(Ref. 23). A summary of these observations bins of a loose issue room to protect
is given. unpackaged clothing

When materiel is placed in storage, the (3) Periodic spot checking of wool or
following practices should be observed for mixed wool items, particularly during the
its care and preservation: summer months

(1) All supplies should be protected from (4) Items susceptible to insect infestations
damage by moisture, extreme changes in should be fumigated. Mildew (fungous at-
temperature, vermin, and rodents. tack) is another means of damage that

develops on clothing stored in a warm, moist
(2) Proper ventilation should be main- climate. When sufficient moisture and

tained at all times. warmth are present, mildew will grow and
spread very rapidly within a period of a few

(3) Good housekeeping practices should hours. It first appears as brown, black,
be used to insure order and cleanliness, green, or gray patches. These patches then

become dense. developing powdery spores
(4) Periodic inspections should be made which spread and start new growth.

of all supplies in storage.
The major cause of damage to equipment

The major causes of damage or deteriora- items in storage is moisture. Clean, dry,
thon or subsistence during storage period are well-ventilated storage will assist greatly in

improper handling, Insects and rodents, the preservation of equipage items for long

bacteria, molds, temperature, moisture, and periods of time. The following items should

foreign odors. Molds are especially prevalent be given particular attention, however:

in dried fruits and vegetables: preserved (I) Lockers, subject to warpage when
fruits; jams, jellies, and syrups; seeds, grain, exposed to moisture
and cereal products; sauerkraut; pickles; e
catsup; and sausage. Some subsistence items, (2) Brass musical instruments, susceptible
particularly cereal and dairy products, are to corrosion by moisture
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(3) Canvas. subject to mildew in a warm, cides with kerosene bases. cleaning solvents,
moist climate diesel fuel. lubricating oils, gear lubricants.

cleaning fluids, duplicating fluids, alcohol.
(4) Leather goods. subject to becoming ration heating fuel. methanol (wood alco-

moldy or excessively dry unless properly hol). chlorinated lime. lye. lumber. matches.
stored and cared for methyl bromine, naphthalene, paint. varnish,

lacquer. enamel, shellac thinner, fumigant
(5) Metal products, subject to rust and dust. and rodenticide,

corrosion when exposed to moisture
5.5 TRANSPORTATION ENVIRONMENT

(6) Rubber goods
5-5.1 AVAILABLE TRANSPORTATION

(7) Silk flags SERVICES

(8) Tent pins and poles (untreated wood). Everything that sustains the activities of a
subject to rot if not protected from logistic system and the organizations it
moisture by dry storage supports flows through the transportation

system. Transportation services create place-
(9) Webbed equipment. subject to mildew utility (by moving an item from an area

where it has little value to another where it
(10) Woodwind musical instruments, sub- is useful) and time-utility (by insuring an

ject to splitting and corrosion by moisture. item is at a given place at the time it is
needed). All modes of transportation -air.

When placing items iii shed storage, motor, rail. water, and expedient methods
supplies that are less subject to damage from can be and are used to transport personnel
the elements should be stored in the outer and cargo. Each has certain inherent capabil-
shed area. When necessary. tarpaulins or ities and limitations (Ref. 2).
other coverings should be used to protect
items in outer shed areas. Because of the Motor transportation is a flexible, versatile
lack of full protection against the weather. mode of transportation. For many loads in
items in shed storages should be inspected many areas of the continental United States
periodically for corrosion and deterioration, and of the world, motor transport Is the

only possibility. Materiel environmental re-
Dunnage or pallets must be used to quirements and path of movement restric-

protect all stock placed in open storage, If tions may impose overriding limitations on

the storage area is unsurfaced. 6 in. of the use of motor vehicles. For example, the
dunnage should be placed between the loaded weight may he within vehicle gruss
pound and the first tier. All items requiring load limits, but axle and wheel loads may
tarpaulins must be covered as soon as the preclude movement by certain routes. The
stack is completed. and the tarpaulins should range of shock and vibration values en-
be fastened securely to prevent shifting and countered during off-road movement may be
tearing when the wind blows, a limiting factor for truck movement.

General purpose military vehicles are de-
A number of supplies require special signed to withstand the severe shocks of

consideration because of low ignition tem- off-road movement, but the soft ride
perature: poisonous nature: or susceptibility required for sensitive materials such as some
to corrosion, contamination, spontaneous missile system components cannot be ob-
ignition, or decomposition, These hazardous tained from the suspension system of
commodities include acids, brooms, candles. military vehicles, Movement of such items
liquid and rubber cement. textile preserva- by truck, therefore. may require special
tive compounds. gasoline, kerosene, insecti- cushioning and packing techniques such as
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inflated rubber dunnage, nylon webbing, or Pipelines are the preferred mode for
similar material. Weather conditions, types moving bulk fluids. Pipelines have the
of road surface, load capacities, and dimen- advantages of dependability, high volume
sions of bridges, tunnels, and underpasses capability, and minimum susceptibility to
provide other limitations of motor vehicle enemy action if concealed. Other less
movement, conventional modes of transportation in-

clude overland conveyor belts that can be
Rail transport is characterized ty a used for bulk commodities such as coal and

capability for moving large tonnages of ctrgo ore, surface-effect vehicles (air-cushion vehi-
and large numbers of personnel over long cles) that can move over water and swampy
distances at higher speeds than can be terrain, and animal transport,
obtained with inland waterways or motor
transport. Of all the transport modes, rail &5.62 TRANSPORTATION POLICY
transport is least affected by adverse weather
but is less flexible than other modes because 5-5.2.1 General
of its dependence on a fixed roadbed.

The transportation environment experi-
Ocean surface transport is characterized enced by materiel differs, depending upon

by flexibility, low cost, high tonnages, and the mode of transportation, The variation in
wide availability. Limitations on ships may kind and severity of environmental factors
include the necessity of special handling among the various modes el transportation
procedures for some items of dangerous can be significant. As a result, whatever
cargo; restrictive hatch openings; a lack of affects the choice of transportation mode
adequate bracing, shoring, lashing, or special also affects the transportation environment
cargo tiedown equipment; a possibility that to which the materiel will be subjected. In
over-the-beach discharge may be required; many cases the environment experienced by
and other factors such as customs require- materiel in transport is influenced by
ments, port restrictions, and beach or port regulations designed to standardize shipping
clearance limitations, and transportation procedures. to formulate

military policy with respect to commercialInland waterway systems can also trans- transportation systems, and to ,afeguard

port great quantities of cargo and can move cran dprt ven t az d to safeguaro

heavy and outsized cargo not easily trans- and pr eventdhazardspt.

ported by other modes. Disadvantages of and personnel during transport.

inland waterway transport include slow
speed and, in the combat zone, vulnerability Since choice of the mode of transporta-
to weather and enemy action plus difficulty lion for military materiel Is determined by

in repairing damage to facilities such as national transportation policy and since the

docks and piers. transportation environment is affected in-
directly by the regulations and codes that

The advantages of airlift lie in its speed have jurisdiction over interstate commerce, it
and security of movement, straight-line is pertinent to consider thewe aspects of the
travel, and the avoidance of congested roads transportation system whenever attention is
and terrain obstacles. Factors affecting the focused on the transportation environment,
use of air transportation include weather In the paragraphs that follow, the agencies
conditions, the range and carrying capacity within the Un~ted States that prescribe
of aircraft, the availability of landing transportation policies are reviewed briefly,
facilities, the degPee of air superiority and illustrative examples of codes regulating
obtained by friendly forces, and cost. Of transportation are given. National transporta-
these factors, weather presents the most tion policy with respect to the military
unpredictable hazards in the use of air materiel and personnel within the, contin-
transport, ental United States is outlined, along with
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the military common user transportation tion of Explosives Act and its subsequent

agencies and their functions. Finally. a amendments, cover specific matters.

discussion of major environmental hazards
encountered during transportation is given.

Many manuals and regulations provide

1-5.2.2 Aopnes Preawibing Trmnpolrtahton guidance for shippers and transportation

Polbissf officers. For example, the principal military
one. AR 55-355, Military 7Taffic Manage-

Within the continental United States. ment Regtlations contains the .ieneral re-
military freight shipments normally are made quirements for the transportation of military

by commercial carriers in accordance with goods and implementation of ICC and other

the directives and policies of appropriate regulatory body directives (Ref. 26). Guid-
regulatory agencies-Federal. State, or local ance on many specific items is provided by
(Ref. 24). Departments and agencies of he Technical Manuals of the 9-39 series which
U S Government formulate and prescribe contain detailed procedures for loading and

interstate commerce regulations pertinent to storing of special weapons, and for shipping

the carriers under their respective jurisdic- containers in aircraft, trucks, railway cars,

tions, Such regulations are published in an, 1taval vessels.
permanent form In the Code of Federal
Regulations (CFR) (Ref. 25). Amendments The transportation procedures for nuclear
to the CFR are compiled and published weapons materiel in the Defense Atomic
annually as a pocket supplement to the basic Support Agency supply system are published
CFR. These regulations are mandatory for in TM 39-100-5 Nuclear Weapons Materiel
many commercial carriers (including carriers Shipping Guide (Ref. 27). The Atomic
of explosives and other dangerous articles) Enery Commission (AEC) prescribes rules
and are made applicable to military trans- and regulations governing the use, handling,
portation activities by Military Traffic Man- transportation, and storage of nuclear mate-

.nent Regulations AR 55-355, par. rial (radioactive materials that are fission-
-, )02 (Ref. 26). Intrastate regulations are able). The AEC policies and regulations
prescribed by State and local agencies. The applicable to transportation of classified
object of these multiple safeguards is the materials are contained in the AEC publica-
protection of life and property and the tions and in the Code of Federal Regula-
prevention of damage to the national tions. Pertinent CFR references include 10transportation system and facilities., If mili- CFR 0 Stadads for Proi'ectkm Against
tary necessity requires departure from estab- Radiation: 1 0 CFR 70. Special Nuclear
lished regulations, waivers may be obtained Material: and 10 CFR 71. Packaging of
as outlined In AR 55-355. Radioactive Material for Transport (Refs.

The authority of the Federal regulatory 28.29.30).

agencies is derived from laws such as the
Interstate Commerce Act, which gives the The commandant of the U S Coast Guard
Interstate Commerce Commiuion (IC(') ju- establishes and enforces regulations applying
riadiction over surface transportation by to safety, transportation, and storage of
motor, rail, and waterways within the explosives and other dangerous articles
continontal United States and the Civil (including radioactive materials) aboard all
Aeronautics Act, which regulates air trans- vessels, domestic or foreign (except public
portation by comumercial carriers. The Dan- vessels not engaged in commercial service)
gerous Cargo Act of 1940 authorizes U S operating into or from U S ports and on
Coast Guard regulation of movement of inland waterways. These regulations are
explosives and other dangerous article,, by embodied in 46 CFR 146.29-1 to
vessel. Other laws, such as the Transporta- 1.46.29-100 (Ref. 31).
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The transportation of' explosives and other complosition are inherently dneoso
dangerous articles including rdilouctivo mate- difficult to handle or transport (Ref. 24).
rials by aircraft in the United States is This broad terminology includevs acids and
regulated by the Federal Aviation Agency other corrosive liquids. munitions, coin-
under its Federal Aviation Regulations pressed gases, explosives, 1111111111able liqu~ids,
(FAR) published us 14 ('FR 103, Trants~mr- flamnmable solids, oxidizing materials, poison-
tatu),l of LDJngeriuJs A~rticles and illitgnieli:ce otis articles, nuclear weapon materials. radio-
Mlalvrialv (Ref. 32). active miaterials or waste, and other it*.-ms

requiring special atten tion in processing due
*The Interstate Commerce Commission is to transportability factors. It also includes

responsible under the provisions tit' the oversize and overweight articles,
Transportation of' Explosives Adt (IN~ USC:
M 31-835) tor regulating the safe transporta-I
tion within the United States ot explosives
and other dangerous 4rticles (Ref. 33). These
regulations are applicable to such shipments &-5.2.3 National Transportation Policy
moving by surfat:t' in interstute commerce by
commion surface carriers: rail freight. rail All areas of the continental United States
express. rail baggage, highway, or water. arc served by commercial transportation

systems from one or more of th-t modes,
The Association of American Railroads Generally, air and surface transportation

(AAR) u, n organlization of the commercial systems are a combination that can reach any
rail carriers of the Unlited States, is not a desired destination. Water transport, of
regulatory body per se hut exercises such course, is limited to areas adjacent to the
jurisdiction over its members. The AAR coasts and the canals, lakes, and rivers of
publishes rules governing the loading oft inland waterway networks. National trans-
various comninioitic% in opk-tn and closed cars. portation policy prescribes that commercial
Compliance with these rules IS reqetedC~CL for transportation services will be employed by
all Shippers oft' freight by member railroads- the military departments for the movement of
otherwise. freight cars will not he accepted personnel and materiel between points within
for movement, the United States when suich wi-vice is

available or readily obtainable and satisfuetor-
The American Trucking Association ily capable of' mieeting military requnirements.

(ATA ) is an organit.ation composed of' the Military-owned transportution Such its motor
principal motor transport :ommnon carriers vehicles, military air transport scrvice, or
wit hin the continental United States. Thev other military aircra ft may be used when the
AT~t iN not a regulattory agency, being urgency of' military necessity requires, flow-
somewhat Similar to the AAR in purpose. It ever, the Departmniit of D)efense traffic4
publishes tariff's containing WCC igiilations manageme'nt policy as outlined tin AR Si5-355
for the transportation ot' explosives and states that military-owned transportation will
other dangerous articles by motor carriers, not be employed in such a manner ats to affect
These tariff'% arc guides f'or all participating adversely the economic well-being of the
motor carriers and the shipperis who use commnercial transportation industry (Ret'. 26),
them. The ATA pullikhes it chart con taining. All modes of transportation masLIt iCCeiVe
by State, a table of' allowable highway loads equal consideration services. The mode
and a table of' vehicle height, length, and selected will be that which produces the
width limitations, lowest overulI cost consistent with~ military

requirem~ents, contingent upont the carrier's
TM 55-602, Alorv'enu,, of Special I-'r'ighi. ability to provide the desired transportation

dcl'ines the term. "special Freight shipmivent' service Imn a saf'e, adequate. and efficient
to include all commodities that by tlwir very manner.
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5-5.2.4 Military Common Uswr Transporta. nearly impassable, and terminal handling
ticn Agencies such as corner drops on a hard surface of

12-in. height for cargoes over 2.000 lb (Ref.
Single-s.ervice managers are designated for 34).

operation of modes of transportation com-
mon to the services (Rer. 2). These common For detailed information on shock and
modes are airlift, sea transportation. and vibration vffect: and fundamentals. the
continental U S surface transportotion. reader is referred to Chap. 4. "Vibiation".

and Chap. 6. "Shock", in Part Three.
The Military Traffic Management and Induced Environmental Ftactors. of thii

Terminal Service, operated by the Army, is Environmental Series of Engineering Design
the single-service manager for surface trans- Handbooks (Ref. 35).
iortation and the operation of ocean
terminals in the continental United States. 5-5.3 MOTOR TRANSPORT
The Military Airlift Command operated by
the Air Force is the single manager for airlift 545.3.1 Types of Motor Tra ipon Houtes
service. The wartime mission of the com-
mand is to provide air transport forces, Many of the problems associated with
specialized technical services, in-route sup- environment in the use of motor transporta-
port, and air routes to meet cinergency tion involve the type of roadway on which
requirements of the Department of Defense. the motor vehicle must operate. Routes arc
The Military Sea-Transportation Service classified accordin• to their ability to
operated by the Navy is a single-manager withstand the effects of weather (Ref. 36).
operating agency for sealift services. The Route type in any given delivery or
major portion of the passenger sealift transportation mission is determined by the
requirement is transported on Military Sea worst section of the route. Routes as
Transportation Service passenger vehicles. clas.ified by type ure:
The bulk of the cargo. however, is trans-
ported in commercial ships that are char- (I) Type X. All-weather route is any
tered by the Military Sea Transportation route that. with reasonable maintenance, is
Service. In addition. the Air Force Strike passable, throughout the year for traffic
Command has an organic strategic airlift densities never appreciably less than maxi-
capability that is used to provide assault mum capacity. The roads that form this
airlift, type of route normally have waterproof

surfaces and are affected only slightly by
5-5.2.5 Most Severe Environmental Factors precipitation or temperature fluctu•itons. At

During Transportation no time is the route closed to traffic by
weather effects other than temporary snow

The most severe environmental factors fir flood blockage.
encountered by packaged items during trans-
portation are shock and vibration. Because (2) Type Y. All-weather route (limited
of the severity of shocks and vibrations to trafTic due to weather) is arny route that
cargo induced by the hansportation environ- with reasonable maintenance can be kept
merit. the majority of military cargoes open in all weather but sometimes only at
require packaging or cushioning for shock traffic densities considerably less than maxi-
and vibration attenuation. O all the trans- mum capacity. The roads that form this
portation environments encountered involv type of route usually do not have water-
ing shock or vibration, the most extreme proof surfaces and are affected considerably
(with a possible exception of airdrop) are by precipitation or temperature fluctuations.
rail impacts that occur during switching. Traffic may be halted completely for short
highway transport on unpaved roads th:,t are periods, Heavy, unrestricted use during
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adverse weather muy cause complete collapse the unsprung mass on the tires, the natural
of the surface. frequency of the spring system, and the

natural frequencies of the body structure.
(3) Type Z. Fair-weather route is any The vibration amplitudes are dependent

road or route that quickly becomes impass- upon the road condition and the speed of
able in adverse weather and cannot be kept travel. Intermittent road shocks of high
open by maintenance short of major con- magnitude can occur, with resultant extreme
struction. This category of route is afiected body displacements. These Lage displace-
so seriously by weather that traffic may be ments may result in a severe shock environ-
brought to a halt for long periods. ment for unlashed cargo as it bounces about

the truck floor. Vibrations caused by the
Other obstructions and restrictions that truck engine and transmission system are

occur on various routes include weight and relatively insignificant in the cargo area. The
lane limitations on bridges; overhead ob- predominant natural frequencies of various
structions such as bridges, tunnels, under- military transport vehicles, as measured in
passes, overhead wires. and overhanging the cargo space, are given in Table 5-18.
bulldinlp; reduction in width of route as a Table 5-19 shows the cargo acceleration in a

result of bridges, tunnels, craters, lanes 2-1/4-ton truck, M104 Trailer combination
through mined areas, and projecting build- over various types of terrain.
ings or rubble; pradicnts or slopes of 7
percent or greater: curves whose radius of The vertical motions of truck beds are
curvature are less than 100 ft; and ferries essentially transient vibrations. Their charac-
and fordb,. ter is intermediate between periodic vibra-

tions and high intensity shock; e.g., between
"5-5.3.2 Advantaus of Motor Trmnspottation the low level vibration on railcars-generally

not included in the rail environment at
Transportation by motor truck enables all -and the shock of the switching impact

the shipment in most instances to take place of railcars. The transient vibrations are due
directly from point to point with little or no to the condition of the road surface which
interchange of freight beiween carriers. It may contain all sorts of irregularities. Of
not only results in fast and convenient course, impact loads as a result of accident
service, but also reduces the possibility of or collision cannot be considered a part of
loss or damage resulting from repeated the normal ground transportation environ-
loading and unloading. The motor truck, ment and are not included herein.
moving as an independent unit and therefore
not being subject to the rigors of coupling Fnr both unit vehicles and tractor-traitlr
and hooking as are rail cars, permit less cot ihinations. vertical translations (bounce)
costly expenditures for loading and unload- and pitch are dominant motions. The natural
ing, packing. dunnage, and bracing. The fact frequencies are of the order of 3.5 and 4.5
that trucks are not luaded as heavily as rail Hz. respectively, for typical highway vehicles
cars also contributes to the existence otf less loaded to the gross weight limits. The effect
stringent and less costly packing require- of the suspension under normal operating
ments. Motor freight is rapid for a compara- conditions is to damp cargo bed motions to
bly short distance because of the directness about 10 percent of the amplitude experi-
of route and the avoidance of lengthy and enced at the wheel-terrain interface. Acceler-
tedious terminal delays. ations mcasured on a highway trailer axle

assembly were 1.5 and 3.0 G for average and
5-6.3.3 Shock and VibrItion Enviroemunt extreme conditions, respectively, while the

corresponding readings on the trailer frame
Vibration frequencies in motor trucks are were 0.1 and 0.3 G (Ref. 6). The dominant

dependent upon the natural frequency of frequency of motion on the trailer frame is
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TABLE 5-19.CARGO ACCELERATION IN TRUCK.TRAILER COMBINATION (Ref. 1)

Maximum acceleration, G
Operation over

Longitudinal Lateral Vertical Vector total

Sandy beach 2.5 1.0 4.5 5.3
Ungraded road (30 mph) 0.5 1.0 1.5 1.9
Graded road (30 mph) 1.0 0.25 1.0 1.4

In the range of 2 to 4 Hz, reflecting the exposure to these environmental factor.
Influence of the suspension, while the axle occurs, Motor transport probably allows
motion measured 14 to 15 Hz due to the more exposure to environmental extremes
forcing effect of the vehicle-to-road contact, due to climatic conditions than do other
These values are sufficiently low and uni- forms of transport such as rail, air, and ship
form in frequency so as not to constitute because open shipment (without any cover-
any long-term, cumulative hazard to contain- Ing or protection from the elements other
erized materiel, than that provided by the packing or

packaging of the materiel) Is more likely to
Off-road and rough highway conditions occur on trucks than with other transporta-

produce motions at more severe levels than tion modes.
encountered in normal commercial highway
operations. Off-road operations cause an Corrosion is an example of an environ-
Increase in severity of motion by a factor of mental effect that takes place over an
2 to 3 for a diverse collection of vehicles extended period of time so that under
(Ref. 6). Experimental values of acceleration normal circumstances It is not considered an
measured on cargo platforms of trucks were important factor during transportation, Rela-
as high as 5 G In the low frequency region tive humidity, in the sense that It contrib-
of the spectrum. These values were obtained, utes to corrosion, is also not particularly
however, at excessive speeds at which significant In transportation. Precipitation in
damage would be expected for the particular the form of rain, ice, hail, and snow are of
driving surfaces of the test. little significance In transportation except

for open transport in which the materiel is
For a more detailed discussion of the exposed to the environment.

motor transport shock and vibration environ-
ment, the reader Is referred to Chap. 4, Transportation by open truck over an
"Vibration", and Chap. 6, "Shock", in Part unsurfaced road in dry areas is possibly the
Three, Induced Environmental Factors, In worst exposure to sand and dust that can be
this Environmental Series of Engineering experienced by materiel. The truck speed
Design Handbooks (Ref. 35). adds to the damaging effects of sand and

dust on exposed materiel.
5.5.3.4 Other Environmental FPators

Temperature is an important environ-
As mentioned in the preceding discussion, mental factor in transportation because of

many environmental factors are not con- the sensitivity of some materiel to extreme
sidered to be important during transport temperatures. Sensitive materiel Includes
because transportation requires much less certain ordnance items, electronic equip-
time than other activities during which ment, and perishable foodstuffs.
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A temperature profile for truck-trans- motor transport from Charleston, S.C., to
ported ordnance was determined for a Concord, Calif., ha. been reported (Ref. 38).
standard loaded ordnance truck traveling in The missiles consisted of TARTARS, TER-
areas sought out for their extreme hot and RIERS, and STANDARDS in MK-1 99 and
cold temperatures (Ref 37). The tempera- MK-372 shipping containers (Figl. 5-25).
ture profiles obtained as a result of this Environmental factors that were monitored
study probably represent the extrcmes of included shock and vibration, road condi-
temperature exposure for truck transports- tions, temperature, relative humidity, and
tion within the continental United States. pressure. The transport vehicle was a stan-
These measurements demonstrated that dard suspension semitrailer, pulled by an
truck-transported ordnance is not subjected over-the-road tractor. No movement of the
to the extreme temperatures of the sur- load was noticed throughout the 2,899-mi
roundingl environment. For example, during trip. The average speed includingi stops was
cold weather, the lowest outside air tempera- approximately 32 mph. Thc pavement varied
ture measured was -20 F; however, the from fair to very g~ood, but most sections
lowest ordnance temperature measured was rated as good. Large shocks-two exceeding
-3"F. In like manner, during hot weather, 15 G-were associated with stopping off the
the highest outside air temperature metasred paved roadway. These shocks were reduced
was 1280 F, but the highest ordnance by the shock-mitiglatingi systems built into
temperature was 11 I6F. the missle containers. The higlhest shock

level recorded for any missile was 7.6 G
which is believed to have resulted from

5.5.3.5 An Example of the Motor Transgort pitching of a missle cradle within the
Environment container. Ambient pressure rangled from

11.4 to 14.9 psI. The temperature rangled
An example of the motor transport from 37.4" to 60.3"F, and the relative

environment experienced by 18 ready-for- humidity varied from 11.1 to 15.9 p~ercent.
issue missiles in a cross-country trip by Although two of the 18 missiles failed

Figure 5.2•. Loaded Truck Ready to Lepart Naval Stat/on (NWSI,
Charleton, S.C. (Ref. 38)
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acceptance tests at the end of the trip, the motor ahicies loaded with high priority
failures were not associated with the trans- cargo has become possible, thus allowing
portation environment. As a result of this Immediate distribution of these critical
test, it was recommended that missiles/weap- supplies on landing.
ons packed in such contarnes be transported
over improved roads on trucks with standard An example of transportation combining
suspensions. Past practice had been to motor transport with air transport has been
transport such weapons only on vehicles reported for a TITAN missile (Ref. 40). In
with air-ride suspension, this study a test was made to determine the

vibration levels, shock levels, and pressure
u.6. CombineMtom of Trmport Involving effects on an operational TITAN I! missile

Motor Vehiesm during transport from the factory to the
launch complex and during silo emplace-

The transport of military supplies by men,. The missile was loaded on a C-133-B
motor vehicle can be combined with other aircraft and flown to its destination. At the
modes-rail, water, and air-to reduce the end of the flight, the missile was unloaded.
handling of cargo and thus the time en route convoyed to the launch complex, then
from origin to destination (Ref. 39). Exam- lowered into its silo by crane.
ples Include: During road travel the missile was trans-

(I) Pgy-back or trader on Mt car. This ported at speeds up to 35 mph. Curves were
is the term given to the combination of rail negotiated normally; dips and chuckholes
and motor transport. Semitrailers are loaded were not purposely traversed, but when
and sealed at point of origin, placed on rail encountered, recordings were immediately
cars, and moved forward as far as possible. annotated and the readings noted with a
They are then off-loaded, coupled with description of the events. Gravel roads were
suitable towing vehicles, and delivered to traveled at speeds up to IS mph. During this
their destinations over the highways. portion of road travel, no shocks in excess

of 2 G were imparted to the missile. During
(2) Rodl on/roll off This is the term the flight, no pressure differential was found

given to the combination of water and on the missile tankage. The peak accelera-
motor transport. Semitrailers are towed onto tion measured, including taxiing, takeoff,
specially constructed vessels at the port of and touchdown, was 2.82 G. The maximum
embarkation and transported to another overall sound pressure level obtained during
port. There they are coupled to tractors flight was 127 dB. During transport from
while still aboard ship and then are moved thp aircraft to the missile launch complex,
by highway to their destination. no shocks in excess of 1-1/2 G were

Imparted to the missile. During lowering of
(3) Lift-on/lift off. 7n this operation, the missile into the silo by crane, virtually

loaded semitrailers are moved to port, no shocks were obtained, all accelerations
uncoupled from their tractors and loaded being less than 1/2 G. The results of this
aboard ship. Upon arrivied at an overseas test indicated that a missile, while being
area, these trailers are off-ltded, coupled to transported from the manufacturing facility
tractors, and moved to destination by to an operational base. in a normal manner,
highway. sustains no damage.

(4) Air. Whii the increased employment M4 RAIL TRANSPORT

of air transport for both tactica and .u4.4.1 Advanam" of Rail Transport
strategic mobifit, of troops and supplies and
the concurrent development of aircraft of Rail transport represents the best mode of
gpeater capacity, the movement by air of overland tranrportation for very large items
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and for large quantity shipments. Rail A- ~aTONT, FLOAIBIIs no
shipments are particularly suitable for ship- SOUT MIAN wit". ONIO

mrnt of bulk commodities such as grain. AOITP
coal, and petroleum. Rail systems are 0go' I'~ CAM
affected little by climatic factors in contrast
to the sometimes severe effects of snow and
rain on motor transport. Disadvantages dc ^PULU

associated with rail transport include the J#
frequent necessity for using trucks to bring
materiel to and from the rail fine. This
entails additional handling which increases Ic o .' *. asoueo
both the cost and the likelihood of damage
during transit. Further, when full advantage
Is taken of the larger boxcar capacity for rail 0____ .....______

transport, thon stronger and more costly 4 5 ? a 9 t f I
packing techniques are required. When these UWC SPIED, mph
factors become significant. rail transport is
at a significant disadvantage. Rail transporta- t o27Efeie fCuhnngb
tion does decrease exposure to climatic Vao Typo2o DraeftAe Gov CuWRon/ 6)
elements compared with motor transportVr/vTxeoDutGe R 6
since most Items shipped by rail are in
closed boxcars.

types of draft gear on railcar& provide
5.542 Shook &W~ Vibration Environment different degrees of cushioning in such

switching impacts.
T"he most significant environmental factors

in rail transport are those resulting from Data on impact velocity Indicate that
motion. While motion is experienced by Impacts at a speed of 14 mph are present
railcars during travel. Impacts that occur (Ref. 6). In Fig. 5-26. the distribution of
during cwitching In yards are the major Impact velocities observed during switching
source of stress on cargoes. The various operations is shown. Fig. 5-27 shows the

effectiveness of cushioning by various types
of draft gear. It Is e~stimated that 90 percent

* of existing rail freight cars have either
* friction-type or rubber-type draft gear so

that, for impact speeds in the range of I12 to
I 14 mph. a railcar loaded to a gross weight mf

- ~300,000 lb would experience ~an acceleration
10 of 4 G.

I Vibrations in moving freight cars aim't
6 from track and wheel irregularities and occur
4 principally In the lateral and vertical direc-

I tions (Ref. I ). The excitation frequencies
I 3caused by rail joinits and wheel imbalance

1 4 a 111 11 vary from 0 to 13 Hz. The resonant
frequencies of railcar frames are in the range

IMPACT SPE~ED, mph of 50 to 65 Hz. Shock and transient
vibration during coupling and during starting

Figurv &-26. Impact Speed During Freight Car and stopping are generally the most damao-
S¶. "Itching Operations (Re~f ?) Ing phase& of rail shipment.

"Of6
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1 -- little significance during transport. Tempera-
1 - ture is the most important environmental

U 14 - - factor becauwe of the many maternl items

-
affected by extreme temperatures. recausellt jof the extreme temperature exposure raswsi-

0 -- - -- ble during rail transport-particularly where
S- -loaded boxcarb can remain immobile on

- - -sidinp for as much as several weeks- the
4 - - - -potential temperature exposure f materiel
I in boxcars under these circumstances is of

interest,

" h Temperature distributions in boxcars
impACT SPUED, mph while not in motion on sidings in a desert.

subtropical climate (Yuma, Ariz.) and in a

Figure &2a Maximum Lorqttudrial humid location (Cameron Station. Va.) have
AcoCWlItIOw of FIrot Car Dwung been recorded (Ref. 41) (Fig. 5-30). Inside

SwtChinr fRof f) tempetatures were sampled hourly. Outside
air mean temperatures were normal for both
locations so that representative conditions
prevailed. The highest cargo temperature was

Lonlitudinal accelerations of a freight car measured in the top center carton in the

body that can be expected for impact speeds boxcars, while the roof air was significantly
of I to 7 mph are shown in Fig, 5-28. The hotter. Table 5-20 presents a comparison of

method of bracing greatly affects the the hottest day temperattirci at Yuma and

maximum acceleration of stored cargo. Cameron Station. A pronounced effect of

Although a free-floating cargo is desirable, it location of measurement on the temperature

is not practical since it requires large space measured was evident: for example. a 45- to

for the movement of the load. Furthermore. 60-dc# F difference between the maximum
It doen not provide protection against several at different locations within the sam, car.
successive impacts in the same direction.
Controlled floating, in which movement is
controlled by means of snubbers that center 10
the load after each impact. is the most 0 Solid Controlled
practical. Fig. 5-29 shows comparative te- b blockes
suits for one such controlled-floating ar-
rangement and a blocked arrangement.

For a more detailed discussion of the rail
transport shock and vibration environment,
the reader is referred to Chap. 4. "Vlbra-
tion", and Chap. 6, "Shock" in Part Three.
Induced Enrinmmental Factors, of this 2
Environmental Series of Engineering Design
Handbooks (Ref, 35).

0 2 4 6 1 10

5..4.3 Other Environmental actiors CAR SPEED, mph

Figire 529. Acceleration of Solid.
Rail transport affords protection from blocked and Controlled.floating

most climatic elements so that they are of Carpon (Ref 1)
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(A) Facing North

Flure 5430 View of Yunw, Ariz., Freight Ca' Study Site
M~et 41)

and, indeed, within 7-1/2 ft in actual bacteria may accelerate with continued
distance. Fip. 5-31 and 5-32 present weekly storage. It is recommended that this product
means of temperature. windspeed, and solar be issued immediately while the bacterial
radiation, counts remain at their present level."

C-rations did not fare as well. Inspection
Subsistence in the cars was examined at revealed that some ration components were

the end of the test period, Effects on unfit for ssue. It is concluded that the
canned snap beans at the Yuma site were absolute maximum temperature given In
stated as, "Loss of vacuum and some Table 5-21 may h-. taken as realistic upper
chemical decomposition seems to have taken limits for boxcar temperatures, except in
place in this product in the desert heat. The such uniqtue environments as Death Valley.
product is sound. however, and is fit for Calif.. where temperature extremes may be
issue." In the same manner, cans of beans significantly higher.
sampled from the Cameron Station site
received the following evaluation: "The
product examined is commercially sterile. 5.5.5 SHIP TRANSPORT
Gas analysis and physical inspection of the
sample, compared with normal optimal 5-5.5.1 Advantag. of Ship Transport
growth rates and biochemical reactions ul'
organisms isolated, indicate that these orga- Whenever transport of materiel is required
nisms are metabolizing very slowly. A for long distances and where possible.
decrease in the vacuum of sample cans and transport by ship is most economical for
corresponding increase in carbon dioxide and large or bulky items. The only alternative to
bacterial counts reveal that deterioration by ship transportation for long overwater routes
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TABLE 6-20.
COMPARATIVE HOTTEST DAY TEMPERA7URES AT YUMA, ARIZ., AND CAMERON

STATION, VA. lRf. 40)

Temperature*, OFPosition - _____

Maximum Minimum Meant

Yuma, Ariz.,, 13 August

Roof air 149 86 117

Ambient air 110 82 96

Top center carton air 117 94 106

Top center carton food 112 97 104

Buried load foodO 98 97 98

Cameron Station, Va., 30 July

Roof air 139 76 108

Ambient air 100 70 85

Top center carton air 101 82

Top center carton food 91 85
Load center carton food 81 79 80

*Derived from hourly observations. Inter-hourly values may differ
slightly.

tDoerived from (Maximum + Minimum)/2,
#Derived from middle-layer outer-carton food temperatures at west

door and south end, both of which showed the same values.

is air transportation which is significantly transportation are (I) slowness. (2) the

more expensive. The great bulk of all sometimes seasonal character of the service,
materiel flow between continents separated and (3) the necessity for transfer of freight
by large bodies of water Is water surface (Ref. 42). During winter months, water
transportation, transportation is not possible in northern

regions due to freezing, and spring and
The great advantage of water transporta- summer operations are sometimes inter-

tion is low cost. In general, water rates tend rupted by floods or drought, Moreover If it
to be so low as to preclude rail, motor, and is necessary to transfer freight from rail to
air transport from competing for traffic the water c."rrier, handling costs and the
moving by water. The low cost of water possibility of damage are inctuased. The low
transportation results fiom the facts that (1) initial cost of water transportation may be
water carriers have no maintenance or offset by these additional cv•ts.

capital charge for use of Cie waterways, and
(2) the tractive effort required to move a Most materiel for overwi: mse is carried
given weight In floating equipment Is far less by ship. For example. in the Vi.tnam
than that required to move the same weight conflict roughly 98 percent of all iraieritl
on wheels. The disadvantages of water was transported by sea (Rel 43). T'h1is
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Igo 140

*. BOTTOM CARTON P000 TEMP.
1401 Igo O0SO CENTER CARTON FOOD TEMP

140- Ito mmma TOPCARTON AIR TEMPERATURE
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* FOR SUNSHINE HOURS ONLY)
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Figwwg &32. Week/V MWea of rTemperaturt, Ws'ndkce~d, and Solar Radiation,
Cnewwon station, Va. (R@( 41)

required transport of approximately 800.000 Environmental I'actors have little delete-

tons mo1 in an almost around-the'lock rious effect on materiel when stored in the
operation for a minimum distance of 6.000 hold of a ship but they can and do have
mi. As ant example, one aircraft carrier important effects during loading and unload-
required as high as 4.47Ai tons of munitions ing operations, Rain, snow. wind, high and

in one month compared to World War 11 low temperatures, salt air and malt fog, high
aircraft carriers which dropped 2,000 tons of relative humidity. icing, and blown sand and
bombs in the entire war -a startling higher dust can be present during loading and

expenditure of this materiel, unloading and can cautse damage to materiel
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TABLE 121.
ABSOLUTE MAXIMUM TEMPERATURES

REACHED IN BOXCARS (Ref. 40)

Temperature, OF

Yuma, Cameron Station, Difference
Ariz. Va.

Roof ai::r 150 145 5
Top center 119 101 18

carton air

Top center 113 91 22
carton food

if it is not properly packaged. The likelihood During this period, cooling of the landmass
that loading and unloading of ships will take of th' Asian continent produces a deep, high
place in unprotected areas is signiflcintiy pressure urea with air circulating clockwise
higher than for other forms of transport. around the continent. The winds drive across

thv full reach or the South China Sea.
In addition, the storage of materiel on causing waves to build up and pound the

open deck with little or no protection other coast of Vietiiam from the east and
than packing crates is not unusual. This type rjtheast.
of exposure can cause severe deterioa:'tio,
by uorros!un, accelerated by salt air and salt
water exposure. In addition to the sea, the warm, moist

air deposits layer after layer of clouds on
Another problem associated with water the coawit. Long periods of torrential rains

transport is the high probability of materiel produce deep mud everywhere, flood vast
dannae by rodents and insects. It has been areas. and change quiet streams hito tor-
demonstrated adequately that rodents and rents. From time to time. conditions are
insects are difficult to exclude from ships: worsened by the surges of cold fronts from
therefore, susceptible materiel must be the continental landmass down to the
packaged so as to prevent such damage if it latitude ot' Da Nung and sometimes farther.
is to survive ship transport without deterlo- In addition to producing heavy ruins, the
ration, pressure gradient tightens as the front

approaches and the winds intensify. Off-
The peculiar problems of water transport loading of cargo from the holds of merchant

and its interaction with environmental fac- ships to landing craft becomes very difficult
ton are illustrated by some experiences in and hazardous under these circumstances,
the Vietnam conflict (Ref, 43), The fall and and It is sometimes necessary to abandon
winter seasons are extremely difficult for such activities for as long as 5 days at a
supply operationis in Vietnam. This results time, Roads and staging areas tTe'ome a
from a combination of factors. foremost of morass, and the building and maintenance of
which is the weather. The northeast mon- roads and staging areas becmnLs a high
soon starts in October and lasts until April. priority item,
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TABLE 5.22.
PEAK SHIPBOARD ACCELERATION&

ENCOUNTERED IN NORTH ATLANTIC RUN
(Ref. 61

Acceleration,

Location G See state

Stern 1.0 10

Midship 0.37 8 and 9

Bow 1.5 8

Poor packvolng caused serious problems as Peak values of vertical accelerations "re
cartons dissolved in the heavy rains, making given in Table 5-22. It was found that perk
the loose contents difficult to handle or accelerations occur at sea state 8 as
rendering them useless. On the other hand, indicated in the table and not at the most
in the hot season, cans of asphalt burst severe sea conditions. On the other hand,
during handling. The necessity for removing the average accelerations continue to rise up
cargo from ships and transporting ii to pier to sea state 10. Another point of interest
areas in smaller, shallow draft ships caused apparent from the raw data is that high seas
additional difficulties, resulting in much loss in excess of sea state 6 are not rare.
and deterioration of materiel. Approximately 9 percent of the data

intervals represented sea states of 10 or
5-5.6.2 Shook and Vibration Environment greater.

Tfr" principal excitation forces for ship-
board vibrations are caused by interaction of Horizontal motions, including sway, roll
the structure of the ship with the lnow of (in proportion to the distance from the roll
imbalance or misalignment of the propulsion axis on which the observation is made), yaw,
system. The frequency range of these and hull bending in the horizontal plane,vibrtion isabou 5 t 25Hz, ith were also measured. The horizontal peak
vibrations is about 5 to 25 Hz, with accelerations in either direction for theattendant accelerations reaching a maximum forward location at the main deck were 0.16of about 1 G. During normal service, ship G for sway acceleration, 0.02 G for
cargoes do not experience shock loads of acceleration due to roll, 0.37 G for
any significant magnitude except during accelerationi due to yaw, and 0.55 G for
loading and unloading operations. Typical total horizontal acceleration.
data were obtained for a 523-ft container
ship during eight representative North Atlan-
tic crossings (Ref. 6). It is interesting to
note that extreme cargo motions are not For a more detailed discussion of the
associated necessarily with the worst sea water transport shock and vibration environ-
conditions because the speed of the ship is ment, the reader is referred to Chap. 4.
varied with sea conditi ns. An attempt is "Vibration", and Chap. 6, "Shock", in Part
also made to reduce water washing over the Three, Induced Environmental Factors, of
deck of container ships by avoiding head the Environmental Series of Engineering
seas and accepting high roll excursions. Design Handbooks (Ref. 35).
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M.5.5.3 Otr Environmmnthl Fuotors operations for operational units where con-
ventional aircraft landing fields are not

Water transport generally can be differen- available. Indeed, the prime advantage of the
tiated from rail, motor. and air transport by helicopter is its ability to land cargo even
the time required in transit. Water transpor- when an area large enough to land the
tation is very slow when compared with any helicopter is not avallable. In this case, cargo
of these other modes of transportation. As a can be winched down from the helicopter
result, those factors that require long periods while it is in a hovering mode. This kind of
of time to cause deterioration of materiel air transport finds wide application in the
can become effective during ship transport, tactical environment. Finally, another tech-
although they normally are not effective nique that has been employed for the
during transport by other means. In addi. landing of cargo in areas in which insuffi-
tion, exposure to nit air is significantly cient airfield capabilities exist is the airdrop
Weater because, In most cases, the ship and from low-flying cargo aircraft. A variety of
its cargo are in contact with a maritime techniques have been developed to permit
atmosphere of high humidity and high salt the accurate deUvery of cargo or materiel
content at all times. Items stored above deck from aircraft in flight to a point on the
are particularly susceptible to rapid corro- surface of the earth.sion as a result of exposure to swlt air and
salt water. The bulk transportation of grains Although the aircraft has some clear

and other food stuffs has resulted in many advantages, it also has some rather obvious
freighters becomina infested with insects and disadvantages as a transport mode. The
rodents, thereby increasing the possibility of requirement of a large landing field for
materiel deterioration from macrobiologlcal conventional cargo aircraft Is a significant
attack. For above-deck storage. exposure to limitation, Of perhaps more importance is
high ambient solar radiation, snow, ice, rain, the fact that air transport is more sensitive
changes in atmospheric pressure, sleet, hail, to climatic factors than are most other
wind, as well as the previously mentioned riodes of transportation. In addition, aircraft
salt spray and salt water is significant, For cover extremely long distances In a very
materiel stored below decks, exposure to short time and therefore are subjected, in
these elements is of much less importance. many caws. to a rapidly changing environ-

ment because of the wide variety of tile
"5.5.6 AIR TRANSPORT climatic environments that can be encoun-

tered in a single flight. Some of the common
5-5.6.1 Advmntagme sa Air Transport variables that affect the performance stan-

For any transportation need in which dards of aircraft are:

extreme speed is required and long distances (I) Range and payload
are involved, air transport is the obvious
choice. During conventional air transport. (2) Speed
cargo is carried within the futselage. however.
a number of aircraft carry external canisters. (3) Altitude
tanks, or other special containers fitted to
the wings and fuselage. FIg. 5-33 shows (4) Air density and temperature
various means of loading and unloading
three different types of' cargo aircraft. Air (5) Wind
transport also includes transport by gliders
towed by aircraft. Helicopters have become (6) Other environmental factors.
versatile transportation vehicles for small
cargoes over difficult terrain. Helicopters are Range. payload, speed, and [light altitude
employed in close support and resupply are primarily characteristic of individual
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Figure 5.33. Loadin• rand Unloading Modes of Cargo
Aircraft (Ref. 44)
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aircraft. The other items are natural environ- least 3 ml in controlled zones around

mental factors and are considered in turn: airfields and I mi outside controlled zones.
All other weather conditions require opera-

(I) Air density and temperature. These tion by IFR (instrument flight rules). VFR
factors determine the ability of an aircraft aircraft normally cannot be flown in IFR
to lift weight. The density of the airman, in weather. The availability of all-weather
turn, is affected by, and is inversely aircraft and qualified aviators does not
proportional to, temperature, humidity, and always guarantee the start of a mission: an
altitude above sea level. For example, the aviator may refuse to attempt a mission if
U-8F (Seminole), weighing 7,700 lb and extreme weather is anticipated. If air
operating from a point at sea level where the turbulence or other conditions are such that
temperature is 59"F. requires 2,200 ft from an aircraft cannot remain airborne, it is
the start of its takeoff run to clear a 50-ft foolhardy to attempt a mision. The high
obstacle (Ref. 36). The same aircraft operat- speed and long range of modern aircraft
ing at the same weight from an airport require adequate weather intelligence for the
5,000 ft above sea level where the tempera- entire route before the start of any mission.
ture is 95SF requires over 2,985 ft to clear a The weather to be encountered in route may
50-ft obstacle. The capability of a helicopter not be, and very frequently is not, apparent
with an externally slung load can be reduced at the airfield from which the flight
as much as 80 percent between sea level at originates.
OOF and 6,000 ft at 95*F.

I-L.t Shook and Vibration Environment
(2) Surface winds, These affect both

fixed-wing and rotary-wing aircraft. If uti- 5-5.6.2.1 General. Mobility requirements of
lized in conjunction with available runways. the modern Army have created a demand
a surface wind has a pronounced beneficial for resupply that can be obtained only
effect on the takeoff and landing characteris- through the use of aircraft. Due to the large
tics of an aircraft, since lift capability is quantities of supplies and equipment requir-
directly proportional to th; speed of air ing delivery by aircraft, it is no longer
passing over the lifting surfaces. practical to modify an item for air transport

or airdrop after the designed item has been
(3) Other envirpimental factors. The completed. The necessary field modifications

amount of oxygon available in the air and the loading problems inherent in that
decreases as altitud,.- increases. Flight above method create excessive man-hour require-
10,000 ft for an, extended period can be ments and serve to limit the mobility. It has
extremely dangerous unless personnel are become necessary, therefore, that air trans-
supplied with oxygen or unless the aircraft is port and airdrop knowledge be incorporated
pressurized so that the atmospl -re within in the basic design of materiel having an air
corresponds to a lower level. A minimum of transport or airdrop requirement,
1,000 ft should be allowed for clearing
obstacles: therefore, when the terrain alti- Materiel developed for air transport in Air
tude is Over 9,000 ft. only aircraft with Force aircraft must meet the limitations
oxygen should be programmed for flight. imposed by the characteristics of aircraft
Aircraft flight altitude is determined by the used in thes types of operations. Materiel

* characteristics of the aircraft and by air developed for air transport by Army aircraft
traffic considerations, must meet the requirements imposed by the

characteristics uf Army aircraft and helicop.
When flight is under visual flight rules ters as well as those impostd by Air Force

(VFR), the underside of cloud ceilings must aircraft. Materiel developed for airdrop must
be at least 1,000 ft above the terrain for the be designed to meet the requirements
entire route, and the visibility should be at imposed by the characteristics and capabil-
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gties of the airdrop system with which they two impact recorders were placed in a
will be used. These inulude size and weight wooden box having a total weight of 73 lb.
requirements and requirements for tiedown, Doth longitudinal and vertical shocks were
extraction, and suspension provisions. The recorded.
materiel must be able to withstand the
environments created during each phase of For air transport by Air Force cargo
airdrop and the sum of the environments planes, the following G loads are permitted
created by all phases. Materiel that is in the C-130 and C-144 airplanes: forward
airdropped to combat forces must be 8.0 G. side 1.5 G. vertical up 2.0 G. aft 1.5
capable of imhmediate effective employment. G, vertical down 4.5 G (Ret. 34). Larger

articles requiring transport in C-5 airplanes
5-5.6.2.2 Internal Air Transport. The impor- must withstand the following G-loads: for-
tant loadings during air transport are dynam- ward 3.0 G. side 1.5 G. vertical up 2.0 G.
ic loadings occurring during flight in rough aft 1.5 G, and vertical down 4.5 G. Materiel
air. These are differentiated from shock must be capable of surviving an acceleration
loadings in that they consist of fairly high of 3 G for a minimum of 3 a during flight
magnitude accelerations imposed for a pro- and taxiing when applied independently
longed period of time. These accelerations along each of the longitudinal and vertical
can be as high as 2 to 3 G during normal axes in each direction and 1.5 G for a
operation of transport aircraft. The most minimum of 3 s applied independently along
damaging conditions encountered during air the lateral axis In each direction. In
shipment are the shocks resulting from emergency landings, a minimum of 9 G In
handling operations, Fig. 5-34 shows the either direction applied independently along
maximum shocks recorded during a test each horizontal axis for a minimum of 3 a is
shipment by a major airline. For that test, the specified stress level.
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TABLE 5-3.
CARGO RESTRAINT FACTORS (CREW

PROTECTED BY AIRCRAFT STRUCTURES)
iRef. 32l MII

Fi xed-wing
Direction aircraft, Helicopters,

B 6

Forward 2.5 2.0

Aft 1.5 2.0

Vertical down 5.25 4.0
Vertical up 2.26 2.0

Side 1.5 1.5

For Amy aircraft, the cargo restraint tion" and Chap. 6, "Shock", in Part Three,
criteria for air transport that indicate Induced Envionmental Factors, of the
maximum accelerations are: Environmental Series of Engineering Design

Handbooks (Ref. 35).
(I) If personnel am protected by aircraft

structures and/or other barriers, restraint 5-5.6,2.3 External Air Transport and Air-
factors are as outlined in Table 5-23. landed Cbaro. External transport port of

materiel has become more Important with
(2) Where personnel are not protected by Increased deployment of helicopters. One

aircraft structures and/or other barriers, innovation accompanying this has been the
restraint factors are as given in Table 5-24. increase in "air-landed" external cargo. The

term "air-landed" is distinguished from
For more detailed discussion of the air "airdrop" In that the unloading of material

transport shock and vibration environment, occurs while the transporting aircraft is in a
the reader is referred to Chap. 4, "Vibra- landed or hovering position. Unloading of

TABLE 1145.
CARGO RESTRAINT FACTORS (CREW NOT
PROTECTED BY AIRCRAFT STRUCTURES)

(R1f. 22)

Fixed-wing
Direction aircraft, Helicopters,

G G

Forward 8.0 4.0

Aft 1.5 2.0

Vertical down 5.25 4.0
Vertical up 2.25 2.0

Side 1.5 1.5
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cargo or personnel In an airdrop operation capability of a helicopter or aircraft, and

occurs durng the actual flight of the when the load constitutes a system that
aircraft. External transport Is limited to the should not be separated.
use of racks on fixed-wing aircraft and the
use of suspended slings on helicopters. The One of the problems associated with
choice o' internal or external transport external carriage of supplies by a helicopter
depends on several factors (Ref. 46): is that a helicopter in flight generates and

stores a charge of static electricity. When the
(I) Light, bulky cargo always should be helicopter lands, this charge Is grounded.

loaded internally. While the helicopter is in flight, however,
this charge remains stored unieo a path Is

(2) Heavy cargo items should be loaded provided for It to the earth. A pround
externally. crewman can provide this path by contacting

the helicopter hook when it is positioned
(3) When it is essential that aircrft be in over a cargo hookup or release point.

the loading or unloading area for a minimum Although this charge cannot cause an
time, load should be carried externally. electrical burn, it can invoke a muscular

reaction that may, if the individual con-
(4) If the cargo could be damaged by cerned is on an unsure footing, result in

adverse weather during flight, Internal trans- injury from a fail. An individual shocked by
port is preferred. the electricity may also suffer delayed

discomfort from muscular cramps or spasms.
(5) For delivery of cargo In rugged areas To avoid the possibility of pound crew

where motor vehicles cannot function and being shocked by the static electricity, a
transport aircraft cannot land, the helicopter discharge probe is used ordinarily to ground
external lift is a practical mode to be used the cargo hook.
because of the hovering capabilities of the
helicopter. In the transport of materiel by helicopter,

an Inherent characteristic of the helicopter
(6) External transport is preferred only that must be considered Is the cyclic vertical

when the requirement is for rapid shuttle motion produced by periodic loading and
operations over short distances (less than 35 unloading of the helicopter blades (Ref. 47).
ml), when the takeoff point or landing point This is a low frequency motion and requires
is exposed to fire, or when precise place- special consideration. Vertical motion fluctu-
ment at the destination is desired. ations are a function of the number of

blades in the rotor and the rotor rotation
(7) inteiw,.! loading normally will be speed. As a rule the predominant frequency

preferred when long transport distances is given by the formula
indicate that greater enroute speed will
compensate for the increased loading and PP.
unloading time, when load can be driven z0
aboard under its own power, when the load
is of extremely light density and therefore where
will not maintain acceptable stability in W - natural frequency, Hz
external flMiht, or when It is desired to deny 8 = number of blades in the rotor,
the unemy information about the materiel dimensionless,
being transported. rpm - revolutions per minute of the

rotor.
(8) A combination of Internal and exter-

nal loading normally will be preferred when Any load containing a spring in the form of
it is necessary to utilize fully the lift a shock mount or padding must be checked
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for its natural frequency. Under no circum- of descent, and weight of the load to be
stances should the natural frequencies of the dropped.
system to be carried match the inherent
frequencies of the helicopter. The frequency Materiel that is capable or being air-
spectra to avoid for several helicopter types dropped by parachute with the use of
are as follows: standard impact energy disipators must be

able to survive a maximum impact speed of
28.5 ft s-1 which is based on airdrop system
performance at 5,000 ft altitude and 100*F.

CH-21 11.7-17.5 Nominal rates of descent of airdrop materiel

CH-34 11.3-17.3 at mea level on a standard day may vary

CH-37 13.7-17.9 between 22 end 25 ft r'.

CH-47 10.2-13.1 Airdrop techniques include platform air-
UH-I 9.8-11.3 drop, nonplatform airdrop, low altitude

airdrop, retro-rocket deceleration systems,
Spring-mounted loads with natural frequen- recovery parachutes, rotating decelerators,
cies lower than these should aio be avoided gliding parachutes of flexible wings. ground-
since lower frequencies will be excited as the slide airdrop, high altitude airdrop, and
helicopter rotor comes up to speed. paraglider delivery using helicopters. Because

of this variety of airdrop methods, It is not
Generally, acceleration measurements possible to detail here the full environments

made on helicopter primary structures lie that will be encountered for each type of
below the I-G level (Ref. 6). Rotary-wing airdrop. For further information on the
aircraft, of course, are equally subject to design of materiel for air transport and
lending impact as are fixed-wing types, and, airdrop, the reader is referred to AMCP
in many military operational situations, high 706-130, Desain for Air Transport and
intensity landing impacts may routinely be Airdrop of Materiel (Ref. 47).
encountered. An additional hazard in the
case of rotary-wing aircraft occurs when
cargo is carried in an external mode and Is
subjected to buffeting by air loads. 5-.6.13 Ott Environmentl Fawors

54-.6.2.4 Airdrop Transport. Airdrop in- The temperature profiles for air-trans-
volves air-to-ground delivery of supplies and ported materials, including the maximum
equipment by dropping them from aircraft and minimum materiel temperatures during
in flight. It is used either for mass assaults actual air transportation conditions, using
(where large numbers of personnel, supplies, normal routine flights of the Military Airlift
and equipment are airdropped into enemy- Command have been determined (Ref. 44).
held territory to establish a position) or for Various transport aircraft on flights between
resupply to forward bases (where such Items the United States and Europe were moni-
ta rations, ammunition, water, fuel, and tored during the winter season to emphasize
medical supplies are airdropped into terri- cold weather operations. After each aircraft
tory held by friendly forces in order to was loaded with cargo and ready for flight,
replenish dwindling stocks). Current airdrop thermocouple probes were installed at vari-
systems require parachutes for aerial delivery ous depths in the cargo to determine i.e
of materiel in operational condition for thermal profile of that cargo. The cargo
support of combat operations (Ref. 6). consisted of wooden crates. metal or card-
These parachutes are designed for deployT board boxes, and bulk-filled ucks tied down
ment speed. deployment altitude. dedrable to metal pallets. A total of 93 hr, 55 min of
stability characteristics during descent. rate flying time was logged.
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The moat severe outside temperatures virtue of increasing pressure on the top of

occurred at high altitudes. Fig. 5-35 shows the container.
the temperature profile for one such flight
in which the outside temperature remaioed Because of the rapidity of air transport
between -60" and -7SF. Note that the and the resulting sho:t time that materiel
aircraft cargo compartment floor itself never experiences the air transport environment,
reached a temperature lower than OCF and factors that require a tong time to produce
that the temperature of the cargo was deterioration are unimportant, Except for
slgnificantly higher. The temperature in the external transport, the materiel Is protected
C-141 is held at nominal room temperature from climatic factors such as snow, ice, rain,
under normal situations. Only In the case of wind, and sand and dust although air-
premure lon does the ability to maintain dropped materiel has survived impact, it is
temperature become compromised. However, exposed to the full terrestlal environment.
this is an infrequent happening, and the Once materiel has landed, however, it is no
regulation emergency procedure is to bring longer in the transport environment: it
the aircraft down to a lower altitude so that, usually is in the operational environment.
even in the event of pressure failure, the
cargo would not be subjected to the extreme .6.7 ANIMAL TRANUPORT
cold of high altitudes. For all of the flights
and aircraft employed, the minimum temper- Dogs. pack mules, and human bearers are
stun for air-carried cargo was in the used on occasion by the military for the
neighborhood of 20F. The inside tempera- purpose of carrying various types of cargo.
ture of the aluminum skin of the aircraft is Trained dogs may be used individually or in
indicated to be about 0QF minimum. In teams to transport cargo in arctic and
addition, it is concluded that the occurrence subarctic areas. They also see limited use In
of extenuating circumstances would not temperate zones to carry messages and small
cause any of the aircraft to surpass this packets of mail-usually in regions inaccesli-
temperature level enough of the time to be ble to other means of transport. The Eskimo
si5nificant. During this measurement series, dog or husky is used most commonly in
the lowest cargo temperature measured was arctic and subarctic regions, and the German
19*F, although a mirnimum true outside air shepherd usually is used in temperate zones.
temperature of -82?F was recorded, On packed snow with good traction, an

individual dog in a sled team has the
carlo-carrying capabilities given in Table

When materiel transport by air is contem- 5-25. On boft snow. load and speed must be
plated, two additional factors other than reduced 50 percent, As can be seen. speed
shock, vibration, and temperature should be depends on terrain, varying from almost 6
considered. First, packages may be stacked 5 mph in flat terrain to I mph 'n mountainous
to 6 ft high in cargo planes-to a maximum terrain. On hard surfaces with good traction,
aircraft floor load of 100 lb f0, Soond, an individual dog has the capabilities for
the atmospheric pressure decreases from carrying cargo packs. messages, and mail as
14.7 psi at sea level to 6.82 ps at 20,000 ft outlined in Table 5-26, The cargo pack
so that, for hermetically sealed components, weight must be reduced from 35 lb over flat
an 8-psi pressure differential would exist at terrain to 25 lb over mountainous terrain
this altitude. Rate of change in pressure will and the distance must be reduced by a
probably be slower during ascent than factor of approximately 2.
during descent. Where packs fitted with
rubber gaskets are considered, it is conceiv- For pack mules the average daily distance
able that a leak might occur during ascent as on rolling or flat terrain ib 24 mi while the
exterior pressure is reduced and that a seal average daily distance in mountainous terrain
might be reestablished during descent by is 12 mi. For human bearers, the average
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TAILI 525. covered and the cao loads are reduced
OVIfRINOW TRANSPORT CAPABILITY OF slgnificantly with increasing terrain steep-

DOG IN SLED TEAM (Rot. 51 new.

Terrain Load, Distance in hr, For the most part, however, animal
lb M. transport seldom is employed except for

Flat 50 6 advanced support within the context of the
His 3 operational environment. The environment

HM tin so I to which animal-transported materiel is

Mountanous 50 1 subjected is essentially that to which the

materiel will be subjected in its operational
or service environment except for the fact
that animal-transported materiel may be

male can carry 80 lb on level terrain at an protected by packaglin that may later be
average rate of 12 mi per day. The distances removed.

TABLE 50.
PACK-CARRYING CAPABIiLITIlE OF DOG ON HAND TERRAIN IRef. 25)

Load, lb Distance in hr, m!

Terrain Cargo pack mllgei or Cargo pack Messages Or
mail mail

Fiat 35 5% 2 15of
Hilly 30 dog'f 2 10

Mountainous 25 weight 1 5
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CHAPTER 6

STANDARDS AND SPECIFICATIONS

6-1 INTRODUCTION ization documents, and produces a profound
influence on the life cycle of military

"The effects of environmental factors on materiel.
Army materiel is a function of two general
factors: (1) the exposure to the environment
as determined by the existence and severity The life cycle of military materiel en-

of the environmental factors and the life compasses the various stages through which
cycle of materiel in the logistic and it passes from initial conception to disposal.
operational e-nvironments, and (2) the design These phases have been defined as concept

of the materiel and Its protective packaging formulation, contract definition, develop-

as determined by design engineers in con-
ormance with applicable standards and (Ref. 2). Standards and specifications are theS~principal medium through which the DOD

specifications. The second factor is the orsesthe medium t orog whc gtessoD
subject of this chapter. Standards and oversees the ofcia and orderly proarsdon
specifications provide the method by which through the life cycle phases. During the

accumulated knowledge and experience on concept and definition phases, materiel is

how to make equipment resistant to environ- usually defined and evaluated in terms of

mental effects is incorporated in materiel performance specificutioni that express re-
design. The nature of the materiel enterin8 quirements in the form of output, function.

the life cycle environment is thus deter- or operation. In the development phase, a
mined. The functions of standards and complete prototype suitable for operational

testing it. produced. During this phase, the
specifications are much broader than the item is listed in the Federal Supply Catalog
assurance of environmental protection; these for identification purposes. Such thinp us
are given in the qubparaip'aphs that foilow, quantitative requiremevts, probable opera-

tional environments, support requirements,
The Department of Defense (DOD) is etc., are determined. To make these deter-

responsible for the commitment of resources mination., additional performance and de-
to the defcnse posture of the United States. sign specifications that further define and
The DOD provides the impetus, manage- control the characteristics of the materiel are
ment, and funding for the production of required. This is accomplished through the
current needs and for the design, develop- mudium of standards, which enhance the
ment, production, and logistic support of design, limit cost, and reduce support
new weapon systems. The Defense Stan- requirements through interchangeability.
dardiz3tion Program (PSP). established pur-
suant to the CataJoging and Standardization For the production phase, the materiel to
Act (Ref. 1) and implemented by DOD be procured must be completely defined
Directive 4120.2-M (Ref. 2), is the principal through specifications that in turn fully
program utilized in the achievement of these exploit existing standards. Although specifl-
objectives. The DSP provides for the devel- cations are the basic procurement document,
opment, coordination, and mandatory use of reference standards are an integral part of
specifications, standards, and other standard- specification. Specifications and standards
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assure that the procured item will have the The DOD and the Federal Government
desired characteristics and capabilities and develop and publish many standards and
that the buyer, user, and seller are in specifications. Each, along with the relation-
agreement as to what these are. Specifics- ship among them, is well defined.
tions and standards control competition
during the production phase by restricting it "Standards function in procurement
to manageable questions such as price of through the medium of specifications.
delivery Items, by insuring that all competi- Thus, they are used to standardize one
ton are on an even basis at the start of or more features of an Item such as
negotiations, and by preventing an unscrupu- size, value, detail of configuration, etc.
leus bidder from producing an Inferior item. In equipment specifications, they are
The logistic and operational phases of the referenced to standardize on those
materiel life cycle-including distribution, design requirements which are essential
storage, handling, and maintenance as well as to interchangeability, compatibility, re-
use-are controlled through the medium of liability, and maintainability. They are
standards and specifications as well. prepared to provide the designer with

the descriptions and the data normally'
required for selection and application.

Standards and specifications can be differ- Standards disclose or describe the
entlated by the definitions given in the technical features of an Item in terms
Defense Standardization Manual (Ref. 2). of what it is and what It will do. In
Standards are dcfined as documents that contrast, the specification for the same
establish engineering and technical limita- Item describes it in terms of the
tions and applications for items, materials, requirements for procurement" (Ref.
processes, methods, dedsns, and engineering 2).
practices. Standardization documents include
specifications, standards, handbooks, quail- The DOD Standardization Program Inter-
flied product lists, drawings, codes, and such faces with other segments of society without
other engineering records as are or may be significant conflict and in many cases
used for comparable purposes. Specifications benefits all concerned. Indeed, standardize-
are defined as the documents, intended tion Is essential not only to the military but
primarily for use in procurement, that to the economic survival of any Industrial
clearly and accurately describe the essential society. Virtually all nations are engaged
technical requirements for items, materials, increasingly in national and international
or services, including the procedures by standardization activities. The DOD is also a
which it will be determined that the participant, i.e., a contributor and a bene-
requirements have been met. Specifications factor, to the national and international
for items and materials may also contain standardization activities.
preservation, packaging, packing, and mark-
ing requirements. In practice, especially in
the private sector, the relationship between Military specifications affect cost, Gener-
standards and specifications is confused. In ally, commercially available items can be
the private sector, the term "specification" procured at a lower price than like items
is seldom used, and many standards have designed to meet pertinent military stan-
titles that begin, "Standard Specification for dards and specifications. This is true because
S... " (Ref. 3). Specifications are essentially military specifications impose additional re-
purchase documents and, in the private quirements on the materiel that increase its
sector, are replaced by purchase agreements, production cost. Military specifications, al-
sales contracts, purchase orders, etc., that in though they raise costs, are necessary in
turn refer to standards end standard specifl- many cases involving military operations
cations. because of the unique requirements of the
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miLutary, e.g., the necessity to insure reliabil- produce catastrophic consequences.j) Ity of materiel in the field. Mostcomr

cially available materiel is designed to These types of weapon systems andoperate within a rather narrowly specified matrie ty of w ean stems and
environment. This environment usually is materiel with extremely severe and stringent

specifications have been built in the past,not severe with respect to climate, terrain, and it Is recognized that they will continue
or induced environmental factors. adI srcgie htte ilcniuoo be built In the future. However, since

each of these weapon systems or Items of
In orderafor mtriel to survive and materiel is considered as a special case,

remain operationally useful under severe standards and specifications as applied to
climates, terrain, and induced environments, these special cases will not be discussed
it is necessary to invoke special requirements herein. Rather, the standards and specifics-
in the design of materiel subject to these tions that are involved in the nonnal
extreme environunents. The way In which military processes of procarement of mate-
materiel characteristics are defined for the riel are considered to be those of interest in
manufacturer is by means of military a discussion of the impact of standards and
standards and specifications. The military specifications on the ability of materiel to
standards and specifications Inform the survive environmental effects during its life
manufacturer of the exact, required charac- cycle.
teristics of the materiel. For the purchaser
of materiel, military standards and specifica-
tions Ideally will Insure that materiel pro- Par. A6-2 contains a limited discussion of
cured under the specifications will function voluntary standards and specifications, Tho
in its assigned task under the conditions it general subjects of Federal standards and
will encounter in the field. It Is true that in specifications and military standardization
many applications military materiel Is used are discussed in pars. 6-3 and 6-4, respec-
in the same manner as its commercial tively. In par. 6-3 those standardization
counterpart, so that additional requirements documents pertinent to a discussion of the
on performance, maintainability, and en- effects of environment on materiel are
vironment are not required. In such cases, reviewed. The basic means whereby materiel
commercially available materiel may be used. is proved to meet environmental require-

ments durinm the procurement cycle is
On the other hand, it is not infrequent standardized environmental tests. Essentially,

that the military will require materiel with Items of materiel are subjected to a series of
unusually severe requirements. In this case environmental tests, and, if the materiel can
equipment specifications may take exception survive these tests and operate according to
to genekally 'accepted military specifications specifications, the materiel is acceptable and
and standards, particularly with respect to is considered to be capable of meeting the
sensitive components or systems. For exam- environmental extremes for which the mate-
pie, various Items of materiel have been riel was designed. If the materiel will not
procured by the military that have specifica- perform as specified following or during
tions significantly more stringent than the environmental tests, tV equipment will not
general military standards and specifications be accepted by the military untii the
used in procuring normal military materiel, manufacturer makes the necessary changes in
Generally, these special specifications are order to meet the specifications. In the final
written and enforced in order to protect analysis, therefore, the standardized environ-
sensitive components, to obtain extreme mental tests determine the capablity of
reliability under normal conditions, to ob- materiel to survive environmental exposure.
tain mrlabilty under abnormally severe Because of their importance, these stan-
ellvlro,-riem:: . t.r io assure reliability of very dardized environmental tests are discussed
se|,tiitsive mairil in which failure might separately in par. 6-6.

6-3



fI AMCP 7011

6.1.1 HI8"ORICAL PERIPECTIVE official recognition or the necesity and
value of buying in accordance with standards

At the beginning of the 20th century, and apecifications. In 1921, the Federal
railroads were standardizing track gages; the Specification Board, whose membership con-
American Society of Mechanical .ngineers sated of representatives from each Govern-
(ASME) had a standardization committee at meet department or agency and from
work and had standardized pipe and pipe industry was formed to compile or adopt
threads; and the American Society for and publish Government specifications for
Testing and Materials (ASTM) had been materials and supplies and to insure that
organized to promote knowledge of the these specifications were in accord with the
materials of engineering and the standardiza- best commerical practice, Also in 1921, the'

tion of specifications and testing methods. Federated American Engineerinl Societies
The National Bureau of Standards was organized a committee to see how much
established by an Act of Congress in 1901 waste could be eliminated by reducing
and has continued to be the focal point in needless vasieties of commodities. This
the Federal Government for determining committee stimulated another wave of vol.
basic measurements and standards. untary standardization which emphasized

such matters as dimensional standards, mate-
The American Standards Association rial specificatiotis, and testinl, drafting

(ABA) was founded in 1918 to serve as a practices, definitions, and symbols used in
clearinghouse for voluntary nationally coor- engineering.
dinated safety, engineering, and industrial
standards. (The ASA was renamed the Military standardization, born of necet
United States of America Standards Institute sity, also has a long history. In the early
in 1966, and subsequently the American 20th century, several military groups estab-
National Stsadards Institute in 1969.) The Ushed specifications for items peculiar to
American National Standards Institute their activities. These specifications were
(ANSI) is fth U.S. representative in the necessitated by a lack of standardization
International Organization for Standardiza- within industry. As Its standardization activi-
tion (ISO). The ANSI includes industrial ties increased, the military increasingly
firms, trade associations, technical societies, worked with the Federal Specifications
consumer organizations, and Federal Govern- Board, the American Standards Association,
ment agencies. the National Bureau of Standards, and with

engineering iocieties and trade associations.
There was a tremendous growth of the The military's Interest was twofold: (1) it

standardization movement in the early was concerned about the indiscriminately
1920's which gave rise to a multiplicity of' large range of specifications available for
standards of all types. Trade associations, procurement of supplies, and (2) it benefited
engineering societies, private firms, inter, from the results of many research and
national and Government groups were en- engineering problems being investigated and
gaged in drafting and recommending stan- solved by industry. Although the military
dards, resulting in a considerable duplication departments did not formally recognize
of effort, since many standards were de- industrial standards until the late 1940's,
signed to meet the particular needs of the they tacitly accepted the benefits resulting
respective groups. Recognition or this fact from them as exemplified by the frequently
led to the formation of national standards specified requirement: "Shall be made in
bodies. accordance with the best commercial prac-

tice". Early nonmilitary standards adopted
In 1910, the Government established the for use by the War Department include, for

Geir ral Supply Committee as a central example, the acceptance in 1917 of a Color
procurement activity. This was the first Card developed by the Textile Color Card
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Association of the United Statcs and a- 919 drawings, standardization handbooks, quail-

) specificatlon that wequired, in part, that fled products lists, and engineering records"
motor st"fvsr and contro;Jers conform to (Ref. 2),
the asndardization rules of the American
Institute of Electrical Engineers (AWE) and 61.2 SOURCES OF STANDARDS AND
to the regulatics of the National Electrlal WECIFICATIONS
Code for electrical wiring and apparatus.

There are numerous sources of standards
In 1937, the military services organized a and specifications in the United States, both

joint candardczation activity, known as the private and govemmental. A 1971 National
Working Comndttee, which becinse responmi- Bureau of Standards (NBS)' publication, for
bit for the prearastlon of specifications in example, indexes more than 19,000 Volun-
the aeronautical area. In 1941, the Signal tary engineering and related standards, specS-
Corps established a Standards Office to fications, test methods, and recommended
develop specifications for electronic parts practices published by some 350 technical
which, at that time, were critical to societies, professional organizations, and
expanding communications and to the devel- trade associations (Ref. 4). This index of
opment of radar. The Army-Navy Joint documents does not Inulude Federal and
Specification Council and Board, established military, food and drug, local government
in 1945, developed, on a limited scale, Joint. (State, county, and city), foreign, or com-
Army-Navy (JAN) specifications to support pany standards and specifications. Another
procurement. In 1947. the National Security NBS publication list& 486 U.S. organizations
Act created the Munitions Board which that consider standardization to be a mjor
established the Munitions Board Standards or Important part of their work (Ref. 5).
Agency. In 1951, the Secretary of Defense Another excellent directory of sources for
directed that all new standards and specifica- standards and specifications has been pre-
tion be issued In either the Federal or pared by Struglia (Ref. 6).
Militar series, and that all existing service
and departmental specifications be converted The Federal Government is a major
to the Federal or Military series. contributor to national standardization.

Governmental involvement with voluntary
In 1952, the Defense Cataloging and standards is a public service to manufac-

Standardlzation Act (Ref. I) created the turers, distributors, consumers, and others
Defense Supply Maagement Agency Interested in establishing requirements. These
(DSMA) as a separate taement of the standards and specifications are, In general,
Department of Defense. This Act required mandatory only for governmental purchas-
use "to the highest degree practicable" of Ing; however, they are Increaslngl, imposed
standardized items throughout the Depart. as requirements In the private sector in the
ment of Defense by developing and using public interest. The 1970 Occupational
single specifications; eliminating overlapping Safety and Health Act, for example, effec-
and duplicate specifications, and raducing tively ended the voluntary status of many
the number, sizes, and kinds of items that previously voluntary standards and specifics-
are generally similar. tions. In the discussions of governmental

sources of standards and specifications that
Department of Defense Directive 4120.3. follow, the voluntary status of many of

issued in February 1953, established "a these standards and specifications Is not
"sinle integrated Department of Defense clearly defined.
Standardization Program, controlled and
directed by the Office of the Secretary of Federal standards and specifications and
Defense which will include the effective military standards and specifications are,
management of specifications, standards, collectively, the largest single source of
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standards and specifications with approxi- International community as National Con-
mately 50,000 currently in effect. Two sensus Standards.
major indexes are the annual Index of
Federal Specifications and Standards (Ref, In recent years, congreulonal legislation
"7) and the annual Department of Defense has made many voluntary consensus stan-
Index of Specifications and Standards dards, developed in the private sectors,
(DODISS) (Ref. 8). These Federal Govern- mandatory in certain areas. In Implementing
ment standards and specifications, whenever the Occupational Safety and Health Act
appropriate, are mandatory only upon the (Public Law 91-596), for example, more
Federal Government; however, they are than 100 National Consensus Standards are
frequently adapted or adopted for voluntary cited. Other familiar areas include auto-
private use and some have been coordinated mobile tires, safety belts, radiation, and
by the American National Standards Inati- flammable fabrics. Also, certain Federal and
tute (ANSI) as voluntary consensus stan- military specifications that were developed
dards, e.g., MIL-STD-105 has become ANSI by Government agencies and mandatory
Number ZI.4-1971, Sampling Procedures only upon the Federal Government have
and Tables for Inspection by Attributes been reviewed and accepted a3 voluntary
(Ref. 9). National Consensus Standards.

6-2 VOLUNTARY STANDARDS AND 6.2.1 THE AMERICAN NATIONAL STAN.
SPECIPICATION8 DARDS INSTITUTE

An Industrialized society is vitally depen- The American National Standards Insti-
dent upon thousands of nationally recog- tute (ANSI)-a private, nonprofit federation
nized and accepted standards. Every segment of trade, technical, professional, labor, and
of society is dependent upon standards and consumer organizations, business, and
the benefits from them, The Government, In Government agencies-is the major clearing-
response to the general public welfare, house and coordlnating agency for voluntary
requires standards for sound procurement of standardization in the United States.
goods and services, for implementation of
legislated programs for health and safety, The Institute approves a standard when It
and for implementation of service programs, receives evidence that all national groups
including transportation, communication, concerned with the development of a
and national defense. As commerce and particular standard have been given an
cooperative efforts increasingly transcend opportunity to cooperate in its development
national boundaries (e.g., resource develop. and have reached substantial agreement on
ment and national defense), international its provisions. ANSI also represents the
rather than national standards are required. Interest of the United States in International

standardization work carried out by such
Voluntary standardization is an old and nontreaty organizations as the International

well-established tradition in the United Organization for Standardization (ISO), the
States. The professional and technical soci- International Electrotechnical Commission
sties and trade associations develop stan- (IEC), and the Pan American Standards
dards, and, when additional recognition or Commission (COPANT) (Ref, 10). Organiza-
acceptance is needed, coordinating institu- tion of ANSI is indicated in Fig. 6-1.
tions initiate procedures to gin a consensus
with consequent national stature for the ANSI's recognition as the National Stan-
standard. All segments of the society, dards Organization for the United States is
including the Federal Government. are free de facto recognition and not official. The
to use these standards. These voluntary United States is the only participant in the
standards may also be presented to the International Organization for Standardiza-
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tion and in other international standards purpose of thesn procedures Is to insure that
groups without an officially recognized and any documents given the designation Ameri-
sponsored member. ANSI's recognition as can National Standards is a consensus
the U S representative In these international standard that has received close examination
affairs has evolved without significant by a broad crom section of concerned and
governmental support or financing. It Is affected parties
significant, however, that legislation has
nmde many ANSI standards and specifica- At the present time, almost 5,000 Amen.
tiones mandatory for the U S industrial can National Standards are in use and many
community. Many governmental programs more are In development. Some typical
have specified adherence to certain American examples include such things as the cons-s.
National Standards- e.g., building codes and tency and performance of portland cement,
regulations, Information processing, flam- usfety requirements on elevators, data pro-
mable fabrics, radiation, and high-pressure ceasing practices, sizes and shapes of electri-
pa pipelines. cal plup and receptacles, and the sizes of

screw threads and bolts. A number of
ANSI does not develop the standards or American National Standards have been

specifications itself but utilizes the technical referenced for use as military specifications,
expertise of Its member bodies; I.e., the and many military specifications have been
organizations and companies that comprise approved as American National Standards.
the federation. ANSI has three methods for For example, techniques first devised to test
evolving standards. In each case interested the shock resistance of naval equipment
and affected parties among the public are were adapted for wider application and
given ample opportunity to comment on the published as an ANSI standard which
proposed document at various slaps of describes the design, construction, and oper-
development. In one method (the canvas asion of a las HI shock testing machine.
method) an interested group writes or
commissions the writing of a proprietary Approximately 200 representatives from
standard and submits it to a ballot by the Defense Department and the Coast
knowledgeable Individuals and organizations. Guard participate in the work of ANSI.
Thoe Individuals and organizations vote by DOD participants In ANSI work have
letter ballot on the standard. The ANSI experience In areas related to research,
Board of Standards Review examines the engineering, and development of Army.
completed standard and the results of the Navy, and Air Force weapon systems and
ballot. A second method (the committee equipment, including specialized research
method) employs a committee representing and engineering in fligt dynamics, elec-
the interest of substantially affected Sroups. tronics, ship engineering, underwater sound.
This committee is established through ANSI photography, medicine, construction and
with an interested organization designated as civil engineering, and many other scientific
secretariat. The committee then writes a and technical fields. Coast Guard personnel
standard which is voted on by the members have participated in work on merchant
of the committee and examined by ANSI marine technology and marine Inspection
Board of Standards Review. In a third standards.
method, organizations that use standard
development procedures meeting the ANSI 6.2.2 THE AMERICAN IfCIETY FOR
consensus principles may submit their stan- TESTING AND MATERIALS
dards directly to the Institute for considera-
tion and potential approval. If the docu- The American Society for Testing and
ments ar approved, they may be designated Materials (ASTM) which Is the world's
American National Standards after review by largest developer of voluntary consensus
the ANSI Board of Standards Review. The standards, was founded in 1898 "for the
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Promotion of Knowledge of the Materials of obtained by communicating directly with
•) Engineering and the Standardization of the source or by consulting a directory (e.g.,

Specifications and the Methods or Testing". Ref. 13). Table 6-1 is not complete;
It is an international, privately financed, complete indexes of sources of voluntary
nonprofit, technical, scientific, and educa- standards and specifications are available
tional society. Among its publications is the elsewhere (Rtrs. 4.6). The table includes
33 volume Book of ASTM Standarda which only sources that have contributed to
is published annually (Ref. 3) The 1972 ANSI's inventory of American National
edition comprises over 31,000 ,mes and Standards or have developed standards or
includes more than 4,500 standards and specifications that are related to military
tentative standards. Standards developed by material. Standardization documents devel-
ASTM may be specifications, methods of oped by sources followed by an asterisk, and
test, recommended practices, or definitions, those developed by ASTM and ANSI, can be
ASTM standards are known and respected readily adopted for use by the DOD.
aound the world.

6.44 THE NATIONAL BUREAU OF
ASTM has more than 109 main technical STANDARDE

committees covering the entire spectrum of
materila research and standards develop- The National Bureau of Standards (NBS)
ment. Theeu committees, staffed by some was established by an act of Congresl on 3

14,000 technical experts drawn from March 1901 and charged with the responsi-
ASTM's 22,000 active members, adhere to bility to cooperate with other Government
procedures and regulations designed to agencies and with the private sector in the
insum balanced representation among pro. establishment of standard practices incorpor-
ducers, consumers, the Government. and ated in codes and specifications. Today, in
other concerned interests, and to achieve addition to serving as the nation's central
impartiality by consensus in the develop- measurement laboratory, it Is a principal
ment of standards and specifications. (For focal point in the Federal Government for
ASTM purposes, a consensus is substantial aiuring maximum application of the physi-
agreement by concerned interests according cal and engineering sciences to the advance-
to the judgment of a duly appointed ment of technology in industry and com-
authority. It Implies more than a simple merce. To this end the Bureau conducts
majority, but It does not necessarily mean research and provides central national ser-
unanimity (Ref. II)). vices in four broad program areaa-(I) basic

measurements and standards, (2) materials
Although somewhat out of date, a 1964 measurements and standards, (3) technologi-

survey found that ASTM had produced cal measurements and standards, and (4)
3,253 of a total of 13,675 nationally used transfer of technologv The Bureau com-
standards. The next single largest contributor prises the Institut br Basic Standards, the
was the Society of Automotive Engineers Institute for Materials Research. the Institute
(SAE) with 2,129 (Ret. 12). for Applied Technology, the Center for

Radiation Research, the Center for Com-
"j..I OTHER NON-GOVERNMENT puter Sciences and Technology, and the

1iOURCES OF VOLUNTARY STAN- Office of Information Programs.
DARDI

6.2.4.1 Institute for BWe Stnndards
Other sources of national voluntary stan-

dards and specifications are given in Table The Institute for Basic Standards (I)
6-1. Addresses and telephone numbers of provides the central basis within the United
each source are also included. Additional States of a complete and consistent national
information about any source can be system of physical measurements, (2) coor-
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TAKLE 61.
OTHER NON*IOVERNMENT $OURCES OF VOLUNTARY STANDARd1 AND IPECIPICATIONS

1. Amrican Society of Civil Enginoers (ASCE)
United Engineering Cent,,r
345 East 47th St.
New York, N.Y. 10017
(212)752-6600
Founded In 1852, 62,000 members

2. American Society of Heating, Refrigerating and
Air Conditioning Enginaers, Inc. (ASHRAE)*

345 East 47th St.
New York, N.Y. 10017
(212)752-6800, ext. 360 or 361
Founded In 1894, 26,000 members

3. American Society of Mechanical Engineers (ASNE)*
345 East 47th St.
New York, N.Y. 10017
2 12)752-6800
ounded In 1880, 64,125 members

4. American Society of Safety Engineers
850 Busse Highway
Park Ridge, 1ll. 60068
(312)692-4121
Founded In 1911, 91,000 members

5. Amrican Society of Sanitary Engineering (ASSE)
228 Standard Si dg.
Cleveland, Ohio 44113
216)621-8520
ounded in 1906, 2,500 members

6. haerican Society of Traffic and Transportation, Inc.
22 West Madison St., Rm. 404
Chicago, 111. 60602
(31)63-3818
Founded in 1946, 2,100 members

7. American Water Works Association, Inc. (AUWA)
2 Park Avenue
New York, N.Y. 10016
(212)666-2040

8. American Welding Society (AWS)*
345 East 47th St.
New York, N.Y. 10017
(212)752-6800

See footnote at end of table.
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TABLE 041 1nmdsndml.) OTHER NON.OVIRNMENT BOURCES OF VOLUNTARY STANDARDS AND SPECIFICATIONS

9. Conveyor Equipment Manufacturer's Association (CEMA)
1000 Vermont Avenue, N.M., Suite 504
Washington, D.C. 20005
(202)628.4634

10. Edison Electric Institute (EEl)
750 Third Avenue
Now York, N.Y. 10017
(212)986-4100

11. Electronic Industries Association (EIA)*
2001 Eye St., N.W.
Washington, D.C. 20006
(202)659-2200

12. Federation of Societies for Paint Technology (FSPT)
121 South Broad St.
Philadelphia, Pa. 19107
(215)6545-1606

13. Iluminating Engineering Society (IES)
346 East 47th St.
New York, N.Y. 10017
(212)752-6800

14. Institute of Electrical and Electronics Engineers, Inc. (IEEE)
345 East 47th St.
New York, N.Y. 10017
(212)752-6800

15. Institute of Makers of Explosives (IME)
420 Lexington Avenue
New York, N.Y. 10017
(212)689-3237
*Standardization documents developed by these sources can be

readily adopted by the DOD.

dinates that system with measurements the Institute of Basic Standards is with the
systems of other nations, and (3) furnishes International System of Units. This system is
essential services leading to accurate and based upon six quantities--mass, length,
uniform physical measurements throughout time, temperature, electric current. and
the nation's scientific community, industry, luminous intensity. All other physical quan-
and commerce. The broad nature of this titles can be derived from these six.
responsibility requires work st many levels
of technical suohistication. however, the 6.2.4.2 Institute for Materiab Research
critical contributions in measurement usually
lie at the frontiers of science and engineer- The Institute for Materials Research con-
ing, Consequently, an important activity of ducts materials research leading to improved
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methods of measurements, standards, and the standard is representative of the views of
data on the properties of materials needed all concerned interests and seeks satisfactory
by industry, commerce, educational institu- adjustment of valid points of disagreement.
tions. and the Government. It develops, Industry customarily initiates ihe develop-
produces, and distributes standard reference ment of a standard, participate% in Its
materials, relates the physical and chemical development, provides technical counsel, and
properties of materials to their behavior and promotes the use of and support for the
their interaction with their environments, standard. When general industry agreement Is
and provides advisory and research services obtained on a standard and when there it no
to other Government agencies, substantive objection deemed valid by NDS.

approval of the Voluntary Product Standard
A.4M, ikituto for Applied Tachnolonp is announced and published by N3S. Al-

though the adoption and use of the standard
The Institute for Applied Technology (I) is completely voluntary, it may be used in

provides technical services to promote the conjunction with legal documents (e*.., as
use of available technology and to facilitate sales contracts, purchase orders, and building
technological Innovation in industry and codes) making compliance with the standard
Government, (2) cooperates with public and enforceable,
private organizations in the development or
technological standards and test methodolo- Department of Commerce procedures also
gles, and (3) provides advisory and research require that all Voluntary Product Standards
services for Federal, State, and local govern- be reviewed within 5 yr after issuance or last
ment agencies, revision. Standards will be revised or with-

drawn if obsolete, technically inadequate, noA significant standardization activity of. longer acceptable to or used by the industry,

the NDS Institute for Applied Technology Is or no t in the puluineet

the development of Voluntary Product

Standards, The Institute's Office of Enli-
nesring Standards works closely with scion. Revised procedures for the development
tific and trade associations and organiza- of Voluntary Product Standards were
lions, business firms. testing laboratories, printed In the Fedeml Regiuter. and copies
and other appropriate groups to develop are available from NBS (Ref. 14).
Voluntary Product Standards under pro-
cedures established by the Department of Voluntary Product Standards were pre-
Commerce. These standards may include viously called Simplified Practice Recom-
dimensional requirements for standard sizes mendations and Commercial Standards. As
and types of various products: technical these two types of standards increasingly
requirements. and methods of testing, gpad- overlapped, the term Voluntary Product
ins. and marking. The objective of a Standards was selected to identify future
Voluntary Product Standard is to establish standards developed through this program.
requirements that are in accordance with the As existing Simplified Practice Recommenda-
principal demands of an industry and at the tions and Commercial Standards are re-
same time are not contrary to the public viewed, they become Voluntary Product
interest. Standards (Refs. 5,1 5).

NIS provides editorial assistance in the In FY 69 the NBS, through Its Office or
preparation of Voluntary Product Standards, Engineering Standards. took a step toward
supplies assistance in review to enhance the improving communication among the na-
technical soundness of a standard, and tion's standards-writing groups by announc-
publishes the standard. In the role of an ing the availability of Information on
unbiased coordinator, NBS determines that engineering and related standards and specifl-
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cations. A Key-Word-In-Context Index was gress through routine kommercial and en-
compiled which lists 19,000 voluntary en- gineering interchanges. In 1922, for example,
ineering and related standards from 353 an estimated 90 percent of all ball bearings

national trade, professional, and technical were being manufactured to dimensions that
soiieties alphabetically by each key word in were standard internationally, and there was
their titles, and lists the sponsoring group international dcCord on the width and fnits
for each standard (Ref. 4). This index will of nut and bolt heads and on dimensions for
aid individuals In determining if standards wrench openings (Ref. 16).
exist in their areas of Interest and in locating
groups that could answer questions on The Allied Powers of World War I,
specifications and standards. A need for this frustrated and hampe' J by a lack of
type of information is evidenced by the standardization during the war effort, met in
5.600 inquiries reprding standards and New York In 1926 and formed the Inter-
standardization a.lvities received in FY 69. national Federation of National Standardit.-

ing Bodies (ISA), Thouth shurt lived, the
other standards activitief at NSS include ISA made several significant -oitributions to

the development of Federal standards for international standardization, e,g., the lA
automatic data processing equipment, the made the inch-millimeter conversion ratio a
operation of the National Standard Refer- world standard, adopted a system of pre-
ence Data System. publication of many ferred nuitabot, and standardized the loca-
standards-related documents, and participa- tlion of sound tracks on 16 mm film,
lion in many other standards activities.

6-2.5 OTHER GOVERNMENT STAN. 6.2.6.1 InternatIonal Organization for Stan.
DARDIZATION ACTIVITIES dawdimtion

The Ltnge Commanders Counsel, Inter- The most Important organization in inter-
range Instrumentation Group, is active in national standardization is the hizternational
standardization of systems, equipment, and Organizdtion for Standardization (ISO).
processes In fields related to missle test made up of the national standards bodies of'
range Instrumentation. Specific areas of 70 countries. ANSI represents U.S. interest
concern to this Sroup include electronic in this body and is a source for ISO
tracking systems, telemetry systems, time standards. The purpose of ISO Is to promote
generation and distribution systems, fre- international ageement on standurds in the
quency regulation, computers and related interest of trade expansion, increased pro-
data conversion and formattinb %juipment, ductivity, and improved quality and lower
and meteorological systems. prices of poods and services, When first

created, ISO's efforts were concentrated in
Other Goverzmient agencies involved in attempts to harmonize the national .4tan-

the development of standards and specifica- dards of its member countries, Recent years
tions that are likely tu be of less general have seen a dramatic increase in interest in
military interest arv tabulated in Table 6-2 international standardization and a growing
(Ref. 6). demand for international standards, The

factors that have accelerated this interest
6.26 INTERNATIONAL ITANDARDS Include the removal of many tariff barriers

to trade and the development of multina-
World War I and rapidly expanding world tional companies which find their commer-

trade followint the war gave impetus to cial activities hampered by cbnflictingit m-
international standardization efforts in the tVonal standards.
early 1920's. At that time private industry
made some significant standardization pro- Currently, there are approxirmately 2,000
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TABLE 6.2.
OTHER GOVERNMENT AGENCIES INVOLVED IN THE DEVELOPMENT

OF STANDARDS AND SPECIFICATIONS

Small Business Administration (SBA)

Navy Standardization Board (NSB)

Public Health Service (PHS)

Department of Agriculture
Federal Radiation Council (FRC)

Federal Housing Authority (FHA)
Bureau of Public Roads
National Research Council (NRC) of

the National Academy of Sciences
Atomic Energy Commission (AEC)
Federal Aviation Administration (FAA)

Office of the Federal Register

Food and Drug Administration (FDA)
Bureau of Mines (Navy)

Bureau of Ships (Navy)

Interstate Commerce Commission (ICC)

ISO Standards and recommendations plus ISO, which prepares international standards
another 2,000 in preparation. The work of (recommendations and reports) in the elec-
ISO is carried out by some 1,200 technical trical and electronic fields, The U S repre-
groups working through their ISO member sentatives to IEC are under the direction of
bodies. This work Is highly decentralized ANSI's International Standards Committee
with secretariats of the 1.200 technical (Refs. 18,19).
groups located In 28 countries. A central
secretariat, located in Geneva, is responsible 6.2.6.3 Pan American Standards Commisson
for the planning and coordination of ISO
activities (Ref. 17). Prior to January 1972, Another international organization of im-
ISO documents were published as Recom- portance to the United States is the Pan
mrendations to the ISO member bodies to American Standards Commission (COPANT).
use as the basis for a national standard. The Founded in 1961. COPANT comprises the
currently published ISO International Stan- national standards bodies of the United
dards are intended to be used as a substitute States (ANSI) and II Latin American
for the different national standards. (Sev. countries. COPANT is a coordinating organi-
enty-five percent apprcval of the member zation concerned with the implementation
bodies is required for qualification as an of ISO and IEC Recommendations and
International Standard.) Standards in the Western Hemiaphere (Ref.

19).
6.2.6.2 International Electroteehnicel Com-

mitee 6-2.6.4 American-British-Conadian Confarenw
of Unification of Engineering Standards

The International Electrotechnical Com-
mission (IEC) Is a parallel organization to The American-British-Canadian Conference
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on Unification of Engineering Standards dard. The standards list includes such items
(ABC) is a standardization organization of as spark plugs, telephone cables, radio sets,
much importance to the U.S. military. ABC trucks, aircraft, and ammunition. In the
is comprised of standards bodies of America, nonmateriel field, approximately 100 active
Britain, and Canada with leading Govern- procedures have been approved for stan-
nint representative% prticilpating in meet- dardization. Th.me procedures include such
ari. it was founded near the end of World diverse items as operation orders, techniques
War !1 to standardize basic engineering for minefield laying and recording, adjust-
standards of importance to military supplies ment of artillery fire, relief of combat
and industry. The ABC standardization troops, and military mapping.
program was initiated to resolve standardiza-
tion difficulties and thus enhance the ability A keystone of the ABC progrm is he
of the armies of the three countries to fight principle that information and opinion
together in any future war. Standardization among the armed forces can be exchanged
of materiel and nonmateriel Items has with a minimum of formal procedure.
progresed notably through this program Within the limits of national policies,
during the past two decades. Effoirt is information on the status or all development
directed toward the greatest possible econ- projects, current doctrine, and tactical con.
omy for armies of the governments con. cepts is made available. Consequently, a
cerned through the use of combined tech- ureat volume of information is moving
nological and scientific resources. Exchange continually among the armies on a variety of
of information among the ABC allies subjects. Standardization would be virtually
includes sharing of procedures governing impomible without this exchange. Differ-
tactical doctrine, orgnization, intelligence. ences over standardization or collaboration
operations, administration, logistics, research are referred to higher levels as early as
and development, and the design of weapom possible for mediation, In the Interests of
and equipment of common interest. The economy, each armed forrt has agreed that
broad aim of the ABC standardization it will make maximum use of existing
program is to minimize operational materiel, agencies and p;,xedures.
and technical o,.stacles to full cooperation
and collaboration among the American, The possibility of sharing the work of
British, and Canadian armed forces. None of research and development is under constant
the ABC armed forces is compelled legally ABC review. Collaboration in research is
to agpee to a standard or to join in directed toward solution of mutual problems
collaboration leading to a possible standard. by pooling knowiedge and combining talents
Once a member nation has approved a of each of the member nations in a spirit of
standard, however, it is obligated morally to mutual trust and cooperation.
conform unless released by agreement of the
other members or unless the standard item Is
rcplaced by a new development. 6.2.A6. North Atlantic Treaty Orgmnilulem

Insofar as manufacturing techniques per- The North Atlantic Treaty Organization
mit, ABC materiel and nomnaterlel items (NATO) also has a standardization program
wviii be identical. As a minimum, items of of importance to the U.S. military. The
equipment will have interchangeable parts NATO program generally has been confined
and assemblies. In the materiel field, over to areas of practical int,'ortance, such as the
100 ABC Army Standards are active and 40 octane rating of gasoline in NATO's pipeline.
more are In the process of completion. In tactical and operational terminology, and
addition, several hundred specific agreements road sip designation. One ol the most
have been reached that did not require significant achievements is the development
publication of a formal ABC Army Stan- of the 7.62 mm rifle cartridge for use in
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different weapons of NATO countries. It When a Federal standard or SpeclilcaUon
was adopted by NATO under the Mutual is published by GSA, it takes the place of all
Weapons Development Program (MWDP) antecedent specifications or standards for
(Ref. 20). the Sime material, product, or servce. When

applicable, its use is mandatory. A Federal
specification is used primarily in the pro-

6i2.46 MhesmI w curement of commercial Items of general
Other International standards organiz application by at least two Federal agencies,
thIncluder thentsian Standards Advisoy one of which has to be an agency other thantions include the Asian Standards Advisor the Department of Defense. For example, a

Committee (ASAC), the International Com- the Army an d by the

mission on Rules for the Approval of desk used by the Army and by thp
Electrical Equipment (CEE), the European Department of A41riculture would be pro-
Committee for Standardization (CEN), the cured using a Federal specification. DOD
European flectril Standards Coordinatinh policy prohibits the Issuance of a military
CoEumtene (CENEL), and the International document that duplicates a suitable Federal
pea Committee (C N) andithe International document, but rather provides for military

Special Committee in Radio Interference participation in the development and coot-
(CISPR). dination of Federal standards and specifica-

tions. When an item is peculiar to the
6, FEDERAL STANDARDS AND 8PECl- military, Its procurement and uses are

FICATIONS governed by military standards and specifics-
tions.

The Fedevl Propety and Administrative
Senicae Act of 1949 (Public Law 152, 81st When Initiating a standardization project.
Congress, 63 Stat. 377. as amended) estabi the GSA inludes a statement or the scope
lished the General Servicep Administration and objective of the project, a statement of
(GSA) to provide the Feditul Government the spectic reqprem t, asonsementthf
an economical and efficient system for the the specific requirement, reasons for the
procurement and supply of property and initiation of the project, a desired date of
services (Ref. 21). The GSA consists of six completion, and a list ofw aghencies and
operating services. Of these, the Federal sments of industry with which the docu-
Supply Service (FSS) is of particular interest ment is to be coordinated. Once an
because It is responsible for the Federal ssiglnment hu been made, the nignee Is
Standardization Program in compliance with responsible ror the development or the mew
the Fedwrai Property and Adminisatirlve standard or specification. it aiso must
Servicei Act. Thes standardization activities coordinate the document with interested
encompass standards and specifications for aencies or activities and with segments of
real and personal property, materials, sup- industry, convert interim Federal documents

plies, and equipment, as well as management to fully coordinated Federal documents, and

practices and procedures. Specifically, they amend or revise the document when the

include development and maintenance of need arises.

Federal standardization documents, Stan-
dardization of commodities procured by the The DOD relies completely upon the GSA
Government, coordination of governmental for the issuance of adequate standards and
standardization activities, development and specifications governing materiel for which
maintenance of the Federal Catalog System, GSA provides sole purchase support. Only
inspection and testing of supplies procured when justified by special requirements of a
under GSA contracts, and coordination of military mission does the DOD prepare or
participation by GSA technical personnel in coordinate a Federal standard or specifics-
activities of nationally recognized technical tion in which It has an interest, It also
societies and standardizing bodies. Informs GSA of any new or changing
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requirements for items under this policy and Feder" specifications wre of two types-
of any unsatisfactory supplies received, general and detailed. General specifications

When there is military interest In a Federal cover requirements common to different
specification or standard, it may be coordin- types, cldacs, grades, or styles of Items or
ated by the DOD in accordance with the services. This avoids repetition of common
Defense Standardization Manual (Ref. 2). requirements in each detailed item or

process specification and permits changes to
Ile procedure for developing Federal common requirements to be readily effected.
sthed rods urith e frdevelopitng ofederl A detailed specification may cover one or

standards within the Department of Defense mr ye fIeso evcss sntt
is the same as for military projects. more tpes of items or services so u not to
However, additional coordination Is required require preparation and reference of a
with other Federal agencies. The final draft general specification for the mommon re-of the specification, with appropriate com- quirements or, In contrast. may be incom-
ofmtetspecifedatiom, Federalth i appr encis, is plete without reference to a general specifl.meats received from Federal civil agencies, is cation. The style and format of a Federal
forwarded to GSA through the assignee cation Th stand f o ofta Fdr
activity for approval, reproduction, and issue specification is standardimed to contain six
(Ref. 16. sections whose titles are:

A close parallel exists between Federal I. Scope and Classification
and military standardization documents. A
document in either of the two series could 2. Applicable Documents
be entered into the other with only minor
changes, and documents in either series, if 3. Requirements
applicable, are mandatory upon all Federal
agencies, It is not intended that any 4. Quality Assurance Provisions
duplication eWist between the two series.
The similarity between the two series is S. Preparation for Delivery
reflected in the discussion of Federal
standardization documents that follows. The 6. Notes.
military series Is of more interest for the
purposes of this handbook, and information This style and format and the requirements
common to the two series is discussed in a for each section are essentially the same as
subsequent paragraph on military standards required for military specifications and are
and specifications. divoussed in par. 6-4.

It is essential to the GSA standardization An approved Federal specification is
program that Federal standards and specilf- identified by a three-plrt number deter-
cations reflect the best technical knowledge mdned and assigned by the GSA, The first
and experience of the Government and prt consists of one or more capital Gothic
industry, be responsive to technological letters-such a Q (which identifies coal end
advances, provide an efficient and economi- products) or QQ (which identifies metal), It
cal medium for flting the procurement is followed by a hyphen and a capital
needs of Federal agencies, and enhance the Gothic letter, which is the first letter in the
ability of manufacturers to fill Government name of the item specined. These are
orders from their normal commercial pro- followed by a second hyphen and an Arabic
duction. A GSA FedwWa Standadhatkon numeral assigned to departments by the
Handbook, which includes policies and GSA. Detailed instructions are included in
procedures to be followed in the preparation the Federal Stmndardlzation Handbook (Ref.
of specifications and standards, is available 22). Fig. 6.2 illustrates the identification
to all agencies (Ref. 22). system (Ref. 22).
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33-U-411C

January 3, 1973
SUPERSEDING
FED. SPEC 3-N-4l11b
September 10, 1964

FEDEAL SPECIFICATION

NITRtOGU, TECHNICAL

This specification was approved by the Comissioner, Federal Supply
Services, General Services Administration, for use of all Federal
Agencies.

1. SCOPI AND CLASSIFICATION

1.1 J&U. This specification covers gaseous and liquid nitrogen.

1.* 2 Clasifictio.g

1.2.1 Twes. grades, and clases. The nitrogen @hall be of the
following types, grades, and classes, as specified (see 6.2):

Type I - Oaeous.
Type - Liquid.
Grade A - 99.95 percent pure.
Grade I - 99.50 percent pure.
Grade C - 99.30 percent pure, moisture content not specified

(type I only).
Class I - Oil free.
Class 2 - Oil tolerant (Type I only) (see 6.3).

2. APPLICABLE DOCISKTS

2.1 Snecifications and standards. The following specifications and
standards of the issue In effect on date of invitation for bids or
request for proposal, form a part of this specification to the extent
specified herein:

Federal hapcificatton

U-C-901 - Cylinders, Compressed Gasn With Valve
or Plug and Capl ICC 3AA.

Federal Standard

rUD. STD. No. 123 - Marking for Domestic Shipment
(Civilian Agencies).

ISC 6830

Figure .2. Identification of Fedrel Specification
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) When a Federal specification or interim Defense to coordinate the cataloging and
Federal specification establishes qualification standardization activities or the GSA and the
examinations and tests, products may be DOD to avoid unnecessary duplication.
tested for compliance with requirements of Pursuant to the Cataloing and Standardiza-
the specification In advance of and Inde- lion Act, DOD Directive 4120.3 established
pendently of any specific procurement the Defense Standardization Program (DSP)
action. This process identifies qualified (Ref. 24).
products and provides for the establishment
of a Federal Qualified Products Usts (QPL) The principal objective of the DSP is to
The preparing activity responsible for a provide uniform definitions of the technical
specification is administratively responsible requirements for parts, equipment, and
for the qualification of applicable products systems in which the various elements of the
for a QPL and for the continued main- DOD have a common interest. The principal
tenance of the QPL. Fig. 6-3 illustrates the results of this program have been the
procedure for the development or a QPL development of nearly 40,000 specifications

and standards defining the technical require-
The limited scope of products covered by ments of the DOD. This series of technical

QPL's is illustrated by the fact that lea than documents largely has replaced the individ-
1 percent of more than 5,000 Federal and ual specifications and standards formerly
Interim Federal specifications incorporate used by each of the military departments
QPL's as part of their requiremeiovs. Further, and provides industry with a great body of
only 10 percent of the appro.ximately uniform technical requirements to be met by
40.000 entries in the DODISS contain military sppliers. They are revised as
qualification requirements (Ref. 23). necessary to reflect the most advanced

techniques and hardware.
Federal QPL's are paralleled by military

QPL's. which are discussed in per, 64. In addition to standards and specifications
the program includes the effective manage-

. MILITARY ITANDARDIZATION ment of drawings, handbooks, qualified
products lists. and engineering records. The

The C•radoglng and Standardization Act program covers the entire life cycle of
or 1952 requires the Secretary of Defense to military materiel from the generation of
"develop a single catalog system and related military operational requirements to the
program of standardizing supplies for the final disposal of Items and related technical
Department of Defense". Further. the Secre- documentation. The intent is to minimize
tary of Defense Is required to maintain the variety of items. processes, and practices
liaison wiih industry advisory groups to that are associated with design, development.
coordinate the development of the supply production, and logistic support. including
catalog and the standardization program enhancing the interchangeability, reliability,
with the best practices of industry: to obtain and maintainability of military parts, equip.
the fullest practicable coope stion and parti- ment, and systems when essential to the
cipation of industry In do% Ing the supply improvement of the operational readiness of
catalog and the standardization program: to the military services.
establish, publish, review, and revise, within
the Department of Defense, military specifl- Basic policies governing the Defense Stan-
cations, standards. and lists of qualified dardization Program require that maximum
products, and to resolve differences between use be made of available industry standards
the military departments, bureaus, and that are responsive to military requirements.
services with respect to them (Ref. 1). The In this way, duplication of effort in the
act also required the Administrator of development of needed standards between
General Services and the Secretary of industry and the DOD is avoided
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Genmral Uerviea Admi•istration qualifying Activit7 Ieaifeoturer
lfderal supply service

Autboritee Imulusion of nQ1I.

theatfim prospective
u bidders of •1Q1 tre-

quirmnmsta and solicits
submismion of products _

•E.~ lfatioa tomt Klies for test of
Ih tproduc or

test

ranges for teating -
VCo !stligt

ofresults

Bondds to GSA Go"7 of

notification sent o Itnto

Sl~t~assufacturor
Informtionl-m

er inctlud s saet ton re- ~mmIo to

'f prdct qualities,

producible copy of VQPL
er amendment and or-
rogeS for reproduction
And distribution

FAgWN 6-3 Flow ChMt for D"wlopmet of FerWW QWlffd hodwerr LIMs (Ref. 21)

The Defense Standardization Program is basis for their own standardization programs
the largest and most comprehensive stan- (Ref. 5)
dardization program in the world-govern-
mental or nongovernmental. The standards 6.4.1 A RECENT HIST"ORY OF MILl-

and specifications developed by the program TARY STANDARDIZATION
are widely used within industry. In fact,
many of Its standards and specifications The present DSP dates from the Caeulog-

constitute the standard to which industry bn and Siendwdlsztmn Act of 1952. and Its

builds for commercial purpomes. The pro- administrative history Is outlined in Fig. 6-4.

cedures of the program have been copied Pursuant to this act, the Defense Supply
widely by individual industrial firms and Management Agency (DSMA) was created as
industry standardizing orpnizations as the an element of the DOD. In 1953, the
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Dofewe supplyMngment 193 DOD

Agny(E Directive 4120.3

19g3 Dm abohlimbed, DI iwoodto OficeAssitant1954 DOD Directive

"J 0 _tsee. of Defetne upply i...t 
aw

and Logistic. (ILL)

I "" I•*" •°'
19S AnllM)- -
Armed Forces supply 1939 Director of Defame,

I pport Center (AnIC) Research and Ira61erin8
" ' " " '!(WRA) delegated c:ertasin

l e dD reepomintbilltieu

of (ASD(S&L)J

CA-ISC) ami (DD)•")

111 ASDC&L)
Dete=e Supply Agency
(DA) establiehed. M6IC

trEller ed to DIA

1961 ASD(Rebearch 4
Developme•t), ABD(CL),
DDIUI form the Tecb9ai1]
Data and tamndardization
Policy (TDIs) Council

196' ASD(I&)

"E • " adinstr DI 41'20.3 (Revised) I

z. oz)d1967 (M DOD DirectiveI

Office of TDS, and 4120.3 (Revised)
Directorate for Quality
and eliability Assurance
combined (Directorate for
TDSPIW) adminiuters DSP.

Fidwm 6.4 Adminirmt w / v istory ot the DSP
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director of DSMA issued DOD Directive requires the Secretary of Defense to main-
4120.3 (Ref. 24). Later in 19S3. a reorpni- tain a standardization program and to
zation of the DOO abolished the DSMA and coordinate the program with the GSA
created the Office of the Assistant Secretary Standardization Program. The DSP Is imple-
of Defense for Supply and Logistics [ASD mented by the Directorate or Technical
(S&L)J. This office became responsible for Data, Standardization Policy and Quality
the administration of the DSP. In 1958. Assurance: Office of the ASD(l&L) At this
administration of the DSP was delegated to oranization level, the Directorate prepares
the newly established Aimed Forces Supply and publishes DOD policies and procedures
Support Center (AFSSC) under the policy in consultation with the military depart-
direction of the ASD(SL). In 1959, the ments and the Defense Supply Agency
Director of Defense Research and Develop- (DSA) establishes browd standardization
meat (DDPAE) was given collateral responsi- goals, measures progrs, prepares reports to
bUilties for certain phases of the program. the Sec'etary of Defense and Congress.
The Assistant Secretary of' Defense, Installa- recommends to the Secretary of Defense
tions and Loaistics [ADXI&L)] was de* assignments of broad standardization respon-
nated in 1961 and am eud the responibill- sibilitius to the military departments and the
ties previously deleoated to ASD(S&L), DSA, and reconciles differences between
which -included responsibility for the DSP. military departments and the DSA.
The AFSSC. continued to administer the
program. Later in 1961, the AFSSC was At the headquarters level of each military
transferred to the newly established Defense department (Army, Navy, and Air Force),
Supply Agency (DSA). The D6SA's respond- the Departmental Standardization Office
bilities Included the administnxtion of the (DepSO) administers the program within
DSP. Also in 1961, the Technlcal Data and that military department, At the head-
Standardization Policy Council was estab- quarters level of the DSA. a similar
liashed within the DOD. Council membership organization administers the standardization
included the DDR&E and the ASD(ILMA activities of the Defense Supply Centers.
The ASD(Research and Development) was Each department level office monitors pro-
also a member. gress within its own department or agency

and implements policies and procedures,
In 1964, the Office of Technical Data and reconciles Interdepartmental differences, and

Standardization Policy (TDSP) was estab- participate% in the development of DOD
lashed and assumed responsibility for admin- policies and procedures.
istration of the DSP. The director of this
office reported directly to the ASD(I&L). In The DSA is directly responsible for
1968, the Office of TDSP was combined providing supplies and services used In
with the Directorate for Quality and Relia- common by the military services. The
bility Assurance to form the Directorate for objectives of DSA are (I) to provide
Technical Data. Standardization Policy, and effective logistic support to the operating
Quality Assurance. This Directorate con- forces of aU military serviv:es ;n war and
tinues to administer the DSP under the peace and to Federal civil agencies when
policy direction of the ASD(IAL) (Rres. requested; (2) to provide that support at the
24.25). lowest reasible cost to the taxpayer, and (3)

to provide contract administration services
6.4.2 DIFINSE STANDARDIZATION and support to the military departments,

PROGRAM ORGANIZATION other DOD components. NASA. and other
Government agencies upon request, DSA

The current organization of the DSP is procures. stores, and distributes an immense
illustrated in FiM. 6-5, As previously stated. variety or items commonly used by the
the Cbtalu&in wid Standardization Act Armed Forces and Federal civil agencies.
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USC Title 10, Chapter 145 (1952)

Secrtaryof ~e~eCoordination with

Qns allaitysan Logisr c s

I Directorate for T P al Data

IDepart...: stmdardiaation DeplO Depso OS
Of fice (DeplO), Army Nay A

Activity,* ParticipatingDens
Asigned Project Activities spl
F ~civilesby (Other Departsents)Cetr

Preparing Custodian Organisations Siiall
Activity and L to Army

(Technical Level) Rctviiew

Fipre &S. Org"MIM/o of WowseSadada to Aiverwr

including clothing. medical Items, repair agency, called the assignee. These assignee
parts for consutruction. electronic equipment, activities have been given DOD-wide respon-
food. and fuels. sibility to assure optimal standardization In

assigned F5C"s or areas In coordination with
For each Federal Supply Class (FSC. counterpart elements in other departments

DOD managerial responmiblity has been (referred to as participating activities), to
decentralized to an assigned department or assign projects to preparing activities basud
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on interest and technical capability, and to information is tabulated, but the dom.mnzts
monitor progress and report accomplish- are Hated in numerical order. The Depart-
ments. ment of the Navy, DOD Single Stock Point

for Standardization Documents, U.S. Navy
The preparing activity is responsible for iublications and Forms Center, Philadelphia,

the, preparation, issuance, and maintenance Pa 19120, is responsible for indextin these
of asagned standards and specifications st|a.ardization documents and is also a
covering individual items, parts, ystems, source for these documents.
commodities, and practices. It Is also
responsible for effecting coordination with A similar index is the Federal Supply
other military activities, civil agencies, and Classification Listing of DOD Standardiza-
industry. Preparing activities are normally tion documents. It contains all the listings of
the subordinate commands and activities in the DODISS arranged by FSC clauses. In
the Army, Navy, Air Force, and Defense addition to the Information in the DODISS,
Supply Centers. The Laboratories and Arsuen the FSC iAsting identifies review and user
al, of the Army are examples of engineering activities and lists Federal documents for
and development activities that are desia- which no DOD interest hu been registered.
nated as preparing activities. The FSC Usting can be advantageous in

The custodial activity is one of the identifying standardization documents appli-

technical elements of the Army, Navy, and cable to a given item. However, so many
Air Fol directed to eftec' departmental documents would have a MISC (miscella-
coordination, to eftelrpv documents and neous) classification (including many en-

studies submitted by preparing activities, and vironmenal test documents) that it Is not as

to submit coordinated department positions. helpful In locating documents as a key.

The review activity in an interested military word4n-context index such as Is available for

activity using (or planning to use) a voluntary standards (Ref. 4). A key-word-in-

document and sserting a justifiable require- context printing of the DODISS would be

ment to review the document in draft form, an extremely voluminous document.

The specific responsibilities of the ASD
(I&L), the DepSO, participating depart- A document related to the DODISz is the
ments, and the activities previously listed nre quarterly Status of Studrdiuotlon Aulect,
detailed in the Defense Standardization (SD4). Through thi% medium the military

Menual (Rtf. 4 and DSA DepSO's publicize the status or
standardization projects within the DOD.

".4a DOWN ehis pubUcation lists active projects and
projects completed since the preceding

The Department of Defense Index of report. Document projects (Military Specif.
SefeUkions and Standards (DODISS) is cations, Standards, etc,), engineering practice
published annually and kept current with or item reduction studies, and the type of

%upplemets once every 2 months. DODISS action (new standard, amendment, revision),
is composed of two parts, Issued separately, are Identified. Other standardization project

with data on unciassifled Federal, military, information listed in the 9D-4 document

and adopted industry Standards, Specifica. includes the preparing activity. initiation

tions, Handbooks, and related standardize- date, coordination date (if applicable), com-

tion documents. Part I, Alphabetical Listing pletion date, and a current status identiflca-

of Standurizalion Documents lists docu- tion symbol.

ments by titles. Additionally. it tabulates the
document number, FSC, control symbols, ".4 MILITARY 8P10CIPICATION8
preparing activities, custodians, and docu-
ment dates. In Part II, Numeric Lis.ins ,/ Military Specifications are developed for
Standwdlidtion Documents, the identical materials or services that are intrinsically
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military in character. Their use is mandatory covers all requirements for one or more) whenever applicable. If the material or types of items or services so as not to
services are required by more than one of requie preparation and reference to a
the DOD departments, the covering specifi- General Specification for the common re-
cations ar c dinated by the involved quirement.. A Detail Specification and
DOD departmek,,s. The coordinating activity referenced General Specification (which con-
(usually the preparing activity) Is responsible tains the requirements common to the
for coordinating specifications in accordance family of items) then constitute the total
with procedures established in the D/eense requirements (Ref. 26).
StandWiediuon Manual (Ref. 2).

Both General and Detail Specifications
A limited coordinated Military Specifics- may be further categorizi~d as performance

dion can be iamed by one of the military or designtsecfcations a performance

departments to cover items peculiar to the or dein specifications. A performance

needs of the department or to satisfy an

immediate procurement need. Once the form of output, function, or operation of a
Specification i. prepared and Isued, it is commodity; the details of design, fabrics-mandatory for use by all procuad ng activities tion, and internal workings are left to themandatof the issi departme rnt Th tisvdc en, manufacturer. It covers required per-
of the Idssun department. Ibis document, formance rather than optimum performance
like the interim Federal Specification, is
often the first formal document to describe and ordinarily Is employed when informa-

an item or service that is later und by other formencs specification, however, also may

activities. When coordinated by all military toe nmanu faeifiureion, h ofso may
departments, the limited coordinated Mil- contain design requirements A desg sped-tartm Sepification becomes t fully coordsn- fication describes the exact features of
ated Military Specification. deull to be used in the manufactu of a

product, including the physical features and

When the immediate procurement of an It includes details p'f material,

item with changed requirements does n composition, physical and chemkc 1 require-
allotie m e w t complete coordinatire of a ments, weight, size, and diron.iions. A
allow time to complete coordination of e design specification also is used when other
reviion to a coordinated Military opecvisct- than overall interchangeability is affected
tien, a "Used In Lieu of" revision to the and when it is necessary to specify the
existing specification may be issued, based details of design, such as the interchange-
upon the Justified requf-t of the requiring ability of minor component parts (so that
activity. A "Used in Lieu of" limited the components of one manufacturer's
coordination specification bean the same product will be Interchangeable with those
title as the coordinated Military Specifics- of another). The use of design specifications
tions on which it is based (Ref. 16). depends upon the extent to which the

military departments feel that they must
Military Specifications are classed broadly control the item in order to assure per-

as either general or detail specifications. A formance (Ref. 27).
General Specification coven requirements
common to two or more types, clams,
grades, or styles of products, services, or Within the gIven categories, specifications
materials which avoids repetition of common may pertain to a complete system, a product
requirements in related detail specifications such as subassemblies, or a basic raw
and permits changes to common require- material. They also may be s. 'saied as
ments to be readily affected. General process specifications or development specifl-
Specifications also may be used to cover cations. Complete descriptions of these
common requirements for weapon systems categories and instructions for their prepara-
and subsystems. A Detail Specification tion are readily available (Refs. 16.26).
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Documents associated with Specifications inglnding the DODISS (Ref. 8).
include Amendments, Notices, Supplements,
Qualified Products Usts1 and Specification A "Used in Lieu or" Specification is
Sheets which an described in the paragraph. identified with the ,ymbols that also idem.
that follow. tify the existing Specification. However. the

specification number Is prefixed with a
64A41 iMitflestio of MItury bi1sfleS "00", and the appropriate symbol deign@-

tbn tion of the preparing activity for the "Used
in Ueu or Specification and a revision

Military Specifications ar Identified by a indicator follow the specification number.
threeopart symbol: the capital Gothic letters The notation "Used in Ueu or' is displayed
MIL; followed by a hyphen and a single prominently in the space immediately pre-
Gothic letter (the first letter in the name of ceding the supersession information. A
the item); followed by a second hyphen and pramble follows the title, such as is shown
an Arabic numeral that is within a block of in Fig. 6-7.
numbers aligned to the DOD department
reeporsible for the Specification. The date The preceding examples apply to General
of apprtval for a Specification appears under Specifications. A Detail Specification Is
the Identification number located in the identified by the addition of a serial number
upper right corner of the front page. to the General Specification symbol (less

any revision number or suffix). The serial
When a Military Specification is revised, number follows a "lah mark and indicates

etah revision is Identified by adding a capital its position in the order of issue. For
Gothic letter to the symbol. The firm example, in MIL4I-/25, the 25 Indicates
revision Is identified by the letter A. and 24 previous issues. Revisions to Detail
subsequent revisions are identified by other Specifications are indicated by a capital
capital letters in alphabetical sequence (the Gothic letter following the number, as in
letters 1, 0, Q, and S are not used). These MIL-.-18/25A (Refs. 2.16).
procedues are illustrated in Fig 6.6. The
figure identifies a fully coordinated Military Number allocations to the DOD Depart-
Specification. The letter E included at the ments for assignment to Military Specifics-
end of the symbol identifies it as the fifth tiona are tabulated in Table 6.3.
revision of the original specification.
Approval data and the symbol and approval
date of the immediately preceding specifica- 644.2 Formg of Military speulfietion8
tion also are included.

The format of Military Specifications for
Limited coordination Military Specifics- most Items, processes, and materials has

tions are identified in the same manner as been standardized to contain six numbered
fully coordinated Military Specifications, sections as rollows:
except that the symbol designation of the
preparing activity is added as a suffix to the I. Scope
Arabic number (Air Force limited coordina-
tion specifications bear the suffix USAF in 2. Applicable Docunents
all cases and are not shown by Alf Force
activity) Additionally, a statement following 3. Requirements
the title of the specification identifies the
approving activity- e.g., MIL-T-5422 (AS) is 4. Quality Assurance Provisions
a limited coordination testing specification
approved by the Naval Air Systems Com- 5. Preparation for Delivery
mand, Department of the Navy. The suffix
symbols are tabulated in several references, 6. Notes.

6.26



j AMCP 706.11S

MIL-E- 5272C (ASG)
Superseding
MIL-1-00327 21(USA?)
5 Ju-te 1057
USED TN LIEU OF
MIL-E- ;272A
16 September 1952

MILITARY SPECIFICATION

ENVIROSUMENTAL TESTING, AERONAUTICAL AND ASSOCIATED
EQUPZIMUT, GENERAL SPECIFICATION FOR

This specification has been approved by the Department
of the Air Force and by the Navy Bureau of Aeronautics.

1. mci-l A
1.1 (Nme~ja.- This specification establishes generally applicable

procedures for testing aeronautical and associated equipment under simulated
and accelerated climatic~ and environmental conditions. Procedures prescribed
herein are to be utilixed In subje..ting equipment to simulated and acceletated
environmental conditions in order to Insure satisfactory operation and to reduce
deterioration when the equipment is operated or stored in any global locality.
In the case of any particular item of equipment, test procedures are to be followed
to the extent specified in the applicable equipment specification.

2. APPLICABLE DOCUMENTS

2.1 The following do~enmte, of the issue in effect on date of invitation
for bids, form a part of this specification:

SPECIFIkATI ON

Military

JAN-S-44 Shock-Testing-Mechenism for Electrical-
Indicating Instruments (2-1/2 and 3-1/2
Inch, Round, Flush-Mounting, Panel-Type)

MIL-S-901 Shockproof Equipment! Class HI (High Impact),
Shipboard Appitcation, Tests for

MIL-S-4456 Shock, Variable Duration, Method and Apparatus
for

MIL-G-5572 Gasoline, Aviation, Grades 80/87, 91/96,
100/130, 115/145

MIL-8-5705 Structural Criteria, Piloted Airplanes, Fuselage,
Booms, Engine Mount@ and Nacelles

Figure 6&6. Example of Front Page of a Fully Coordinated Military
Specification (Ref. 2)
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xamawle: MIL-G-001833A (SHIPS)
1 December 1951
USED IN LIEU O0
MIL-G-1833
27 December 1949

MILITARY SPECIFICATION
GUNS, LUBRICATING, PRESSURE, HAND-OPERATED

AND FITTINGS

This Limited Coordination Military specification has been prepared
by the Bureau of Ships, based upon currently available technical
information, but it %as not been approved for promulgation as a
revision of Military Speoiftcition MIL-G-1833. It is subject to
modification. However, pending its promulgation as a coordinated
military specification, it may be used in procurement.

Flgure 6-7. Example of a Limited Coordination Mili1ary Specification (Ref 2)

TABLE 6-3.
ALLOCATION OF NUMBERS FOR MILITARY

SPECIFICATIONS (Rof. 2)

Arny 10,000 through 14,999
40,000 through 40,699
43,000 through 53,999
656000 through 59,999
60,000 through 70,326
70,328 through 79,999

Navy 850 through 999
21 000 through 21.259
21:261 through 24,999
81,000 through 82,999

Air Force 4,000 through 4,999
8,788 through 8,999
9,501 through 9,999

25,000 through 27,000
38,000 through 38,999
83,000 through 83,999

USA 28,000 through 28,499
30,500 through 31,499
35 000 through 37,999
39,000 #hrough 39,499
40,600 through 42,999
54,000 through 54,999
80,000 through 80,999
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Additionally, appendixes and other conclud- suiting review comments are evaluated and
Ing material may be included as required. adopted to the maximum practicable extent.
Except for appendixes, if a section has no
pertinent information, the following state- In the interest of efficiency, the number
ment will appear below the section heading: of organizations and people participating and
"This section is not applicable to this the time required for review and other
specification". A description of the content, coordination activities are kept to a mini-
arrangem.;nt, paragraphing. etc., of each mum. The preparing activity processes stan-
section can also be found in Refs. 1, 26. dardization documents on behalf of all usns

and coordinates the document in the DOD
64.4.3 Desuopnsut aiW Coordination Pro- only with designated review activities. Other

adusm activities waive coordination and rely upon
the preparing activity and review activities to

Standardization document projects are serve and protect their interests unless the
assigned to preparing activities on the basis risk involved with overlooking an essential
of an activities interest. If no draft of the requirement is unacceptable.
standardization document is available (i.e., if
it is a new document), the preparing activity At the completion of the coordination
will develop a draft of the proposed cycle, the preparing activity will approve the
document from available data. The preparing document, date and number It, and arrange
activity Is responsible for editorial correct- for its reproduction and distribution as a
ness of the document and compliance with coordinated standardization document (Ref.
the provision of the Defense Standardizatlon 3).
Manual. The preparing activity may utilize
conferences, Federal standardization docu- 6-4.44 Military Qualifihd Produos Lists
ments, and information available from re-
lated industries, for example. Draft copies When a Military Specification is based on
are circulated to the assignee activity and all performance requirements and sets forth
custodial, reviewing, and user activities for qualification examinations, tests, and specific
comment. (If the project involves an existing criteria for the retention of a qualified
document, reviewing and user activities :ire status, a Qualified Products List (QPL) may
recorded in the FSC Listing of DOD be established listing products that satisfy
Standardization Documents.) Comments the requirements of the specification. The
from all reviewing activities are submitted to objective of establishhig a QPL is to provide
the custodians who prepare verifled dopart- a means of relieving quality confortnance
mental comments for submission to die inspection for long, complex, or extensive
preparing activity. Comments from the tests after each procurement action. QPL'&
reviewing activities are designated as either association with a specification is the
"essential" or "suggested". Essential com- responsibility of the specification-preparing
ments must be justified by the reviewing activity. The prepuring activity is responsible
activity and reconciled by the preparing for the Inclusion of qualification criteria in a
activity. Unresolved essential comments are specification (with DepSO approval) and for
referred to the assignee activity for reconcili- the subsequent qualification pro•cedures.
ation or referral to other command levels. Testing costs are borne by the supplier.

When a QPL is completed, it Is processed
Concurrent with the circulation of a and distributed in the same manner as the

proposed document within DOD, draft basic Specification. Maintenance of a QPL
'.opies are also circulated to a representative through revisions, amendments, waivers, and
cross section of the affected segments of cancellations remains the responsibility of
industry, to industry associations, and to the preparing activity. Specific procedures
national standardization organizations, Re- for developing QPL's are Included in Ref. 2.
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QPL's are identified by the symbol QPL Notices are intended to handle adininistra-
followed by the number of the associated tlive detail, such as cancellations, supero.-
Specification and a serial number to identify don data, changes in security claisifications,
the issue of the QPL; e.g., QPL-3125-1 and misted matters. These, too, are clearly
identifies the initial issue of a list associated Identified with the associated Specification,
with Military Specification MIL-P-3125. Fig. are numbered consecutively, and are writton
6.8 is an example of a QPL so a to supersede aD previous Notices (Ref.

2).
G.4A Otw ,eir m iaud Doimenu

A Supplement is a leaflet addition to a
Specification Sheets, Amendments, Specification isued to make special pto-

Notices, and Supplements are separately visions for limited application and iq clearly
Issued documents associated with Military Identified with the associated Sps.ciflcation
Specifications. A Specification Sheet is a (Ref. 2).
form of a Detail Specification that supple-
ments the associated General Specification. In addition, a Specification Change Notice
It contains the data and describes the (SCN) may be issued to correct a portion of
characteristics and performance requirements a Specification that does not justify a
needed for application of the covered items complete revision. An SCN furm is used as a
in assemblies and for their procurement. It cover sheet and letter of transmitta! for the
may cover a single item or a series of similar page changes associated with the SCN. SCN's
items which differ only in such respects as are not cumulative insofar as transmittal of
size, material, or parameter values. Specifics- previous changes is concerned, and changes
tiqn Sheets are prepared when a family of distributed with previous SCI's remain in
items differing in so-se detail requires effect unleo changed by a SC'N of later
individual coverage. The assoclated General issue. The summary of current changes Is a
Specification coven all requirements, tests, cumulative summary as of the date of
and characteristics that are common to all approval of the latest SCN (Ref.. 8.26)
items covered by the several Specification
Sheets. Each specification sheet is identified 6.4.4.6 MilIftary addlarA
by the heading "Military Specification
Sheet" and by the same title, symbol, and As with voluntary consensus standards
number as the associated General Specific&. and Federal Standards, it is intended that
tion (it is identified as a Detail Specification Military Standards be active, working records
(Ref. 2)). of the decisions and recommendations of the

best authorities on the subjects covered.
Amendments to Specifications are iuued Their primary use is to serve as tools for

to correct errors, to add ir delete words to designers and engineen. It is also Intended
Improve clarity, and to make minor changes that Military Standards prescribe a level of
In requirements. They are identified by the quality and reliability commensurate with
same heading, title, symbols, and numbers as the needs of the military and that they be
the Specification with which they 'are used with confidence In the development of
associated. The word "Amendment" fol- designs and inmanufacturing (Ref. 16).
lowed by a aerial number and the date of
approval appear with the symbol and 6-4.4.6.1 Book-form Miitwy Standards.
numbers in the upper right corner. It is Book-forni Military Standards are used for
further identifrli by a preamble which the comprehensive presentation of engineer-
follows the title. Amendments are cumula- ing mractlces, including test methods, pro-
tive; I.e., each successive Amendment is cedures, processes, codes, safety require-
written so as to completely supersede all ments, symbols, abbreviations, nomenclature,
pievious Amendments (Ref. 2). type designations, and characteristics for
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standard equipments, either dngly or In This symbol Is located in the upper right
families. They are also used to cover overall corner of the stef-cover. The approval date
characteristics of a family of end-Items or appears below this symbol, as illustrated In
major components. Unlike Specifications, the following example:
Standards are not procurement documents.
They become a procurement consideration Example: MIL-STD-2 10
through the medium of Specifications. Stan- I June 1953
dards insure that designers and manufactur-
ers apply standard engineering criteria and Revisions and superseuslons data are incor-
use standardized components whenever prac- porated in the symbol In the same manner
ticable. The use of applicable Mllitm7r as for a Military Specification. Revisions are
Standards is mandatory in the DOD. Identified by a capital k~ter Immediately

following the document symbol; e4g., MIL-
Military Standards are developed through STD-210A is the first revision or MIL-STD

Specifications. They may be fully coordi- alphabetical sequence. Superuesmlon data are
nated or limited coordination standards. included Immediately below the symbol and
During development, they are Identified as date, separated by a horizontal line. Fig. 6-9
Proposed Standards and may be modified illustrates a Military Standard self-cover
through the Issuance of revisions, notices, sheet.
and change nc- ices (Refs. 2.8). Military
Standards are not amended. Number allocations to the DOD Deport-

ments for assignment to book-form Military
A book-form Military Standard is identi- Standards are listed In Table 6-4.

fled by the heading "Military Standard" and
a three-part symbol composed of the letters noe content of a book-form Standard is
MIL-STD- followed by an Arabic numeral. governed by Its purpose and the specific

TABLE M
NUMBER ALLOCATIONS PON ASSIONMINT TO

BOOK-FORM MILITARY ITANDANDS (Net, 21

Department MIL-STD Numbers

Army 317 through 400
604 through 699
901 through 930

1,155 through 1,299
1,400 through 1,499

Navy 700 through 799
1,300 through 1 399

(Except 1,3215

Air Force 800 through 899

DSA 931 through 1,154
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ML.Tl2S20
14 ApriL 1969

MILITARY STANDARD

TEST METHODS FOR ELECTRON'% AND
ELECTRICAL COMPONENT PARTS

.1 S

Fisure 6-9. Self-cowr Sheet of a Millte, Standard
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requirements involved. Although there are standard part number and depict physical
numerous variations, a general outline of the and deudo features of Items. MS Standards
content follows (Ref. 2). may be limited or fully coordinated Stan-

dards and may be revised to reflect
A. Self-cover Specification changes. They are Identified by

the symbol MS followed by an Arabic
L. Promulgation sheet numeral. The numbers allocated to the DOD

departments for assignment to MS Standards
C. Foreword are tabulated in UTble 6-S. Fig. 6-10

illustrates the basic format of an MS
D. Contents Standard.

E. Text and illustrations 6.4.5 MILITARY HANDBOOKS

I, Scope MilUtary Standardization Handbooks are
used for the presentation of general informs-

2. Referenced documents tion, technical data. and reference material
that will enhance the DSP. They are

3. Definitions Identified by a self-cover sheet that ',,udes
the identifier MIL-HDBK- followea iv an

4. General requirements Arabic numeral and an approval date in the
upper right corner. The words "Military

S. Detail requirements Standardization Handbook", followed by a
title, are centered on the self-cover, and an

F. Notices FSC designation appears in the lower right
comer. Revision symbols, supersession data.

G. Custodian, preparing activities, other and other such data conform to the
interest designations instructions for military book-form stan-

dards. The text, style, and illustrations also
H. Appendixes conform to book-form standards (Ref 2).

1. Index 6.46,1 ADOPTION OF INDUSTRY STAN-
DARDIZATION DOCUMENTS

J. Analysis sheet (DD Form 1426)

It Is a policy of the DSP to adopt suitable
In addition to the heading and identifica- industry standardization documents for mill-

tion symbols, the self-cover sheet Includes tary use whenever a satisfactory industry
the title and the FSC designation. Since the document exists but no satisfactory military
use of Military Standards Is mandatory, it Is document exists. An industry document also
very important that the titles of Standards may be developed for DOD adoption if
be complete and precise. Otherwise, appli- industry is willing to update an existing
cable standards can be easily overlooked. A doc',ument or develop a new document in
clear, concise statement of scope Is also time to meet the needs of the military. If an
euential since it defines the extent of the industry document is to be developed or
technical contents of the Standard. adopted in lieu of preparing a military or

Federal series document, it is required, In
6-4.4.6.2 Sheet-form (MS) Standards. Sheet- part, that they fully satisfy the needs of the
form or MS Standards are issued to cover military and be available in sufficient
component parts-such as fasteners and quantity to satisfy DOD-generated demands.
electronic components-as distinguished from
equipments. They provide an identifying With respect to the development or
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MUMMR ALLOCATIOS FOR AMSNNi'T TO

UIT.FORM WS iUTARY STANOADIM
£lad. 3)

Departsmet NS numbers

Army 39200 through 3,210
10,000 through 13.999
35.000 through 48,910
619000 through 63,190
66,600 through 66,740
70,000 through 90400

500,000 through 59,999

Navy 3,100 through 3,199
3,211 through 3j510

14,000 through 19.699
90,294 through 90,528
91 621 through 91,676

Air Force 8.000 through 8,004
9,000 through 9,M

20,026 through 34•,9
100,000 through 499,999

DSA 49,000 through 60,000
63,200 through 66,699
66,741 through 69.999
90,530 through 909700
90,707 through 90,900
90.909 through 90,999
91,076 through 91,062
91,269 through 91,309
91,622 through 91 ,53
91,907 through 99,999

adoption of industry standardization docu- adopted for use within the DOD will be
mints for DOD use, an assigned activity is identified in the DODISS by an industry
responsible for selecting existing documents group symbol, number, title, date of the
having a potential for DOD use and DOD-adopted issue, and the military coordi-
establishing projects for obtaining the requi- noting activity within DOD. Each listed
site coordination of the document within industry document will be identified as
DOD, obtaining additional industry coordi- either coordinated or limited coordination in
nation, If required, and arranging for final the same form as that being used for
DOD approval and listing in the DODISS. If identifying Standards and Specifications as
an industry document is to be developed, an either coordinated or limited coordination.
assigned activity is responsible for assurins The military coordinating activity will en-
DOD participation. Each Industry document deavor through participation with industry
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gruPe to hav each adopted Industry 3. Industry standards and specifications;
document kept current and uitable for e.g., thou promulgated by nationally recog-
military use. nied muoclations, committee, and technical

societies having coordinated status etab-
An Industry doment adopted outright Is ished under DOD policies and procedures

the subject of an acceptance notice which,
with a copy of the document, is submitted 4. Limited coordination Military and in-
for indexing and Inclusion in the DODISS. It terim Federal Standards and Specifications
Is identified by the title, "Acceptance Issued by the Government command or
Notice", and in DODISS by the Industry- agency concerned
aslgned number. Fig. 6-11 Is an example or
an Acceptance Notice for a coordinated 5. Industry standards and specifications
industry document adopted by DOD. having limited coordination status estab.

Ohr industry documents amre adopted rot Baked by the Government command or

DOD use only in pet, Excerpts of Industry gncy concerned under DOD poicies and
documents may be included in military procedures
standardization documents under certain 6. Umited coordination Military and In-
circumstanme, or an industry document may tetm Federal Standards and Specifications
be referenced in a military or Federal tued er Gover ds or
document. Details of policies and procedures isaued by other Government commands or
to be followed are included In the DSP
ManUal/(Ref.-"). 7. Industry standards and specifications

Standardization documents of certain in- promulgated by nationally recognized Indus-
dustry groups have been cleared for adop- try associations, committees, and technical
tion by DOD in accordance with the societies that are not listed in the DODISSprocedures of the DIqP Manual. (Ref. 2). 8. Government Standards and Specifics-

Oions other than those of the Military and44.7 ORDER OP PRECEDENCE Federal series, and not listed In DODISS.
MIL-STD-143, which lives the order of eog., D-23 Specifications (Ref. 21).

precedence for the selection of standardiza-
tion Specifications, lists the order of pre-
cedence that follows for the selection of 6-5 ENVIRONMENTAL ITANDARDIZA.
Standards and Specifications within the TION DOCUMENTS
Federal Government, including the DOD.
The selection of a Standard or Specification Standards and spefications define the
of lower precedence is to be made only characteristics of virtually all military mate-
when the Standards and Specifications from del including their compatibility with the
groups above It do not provide items environment to be encountered during their
technically or economically suitable for the Ufe cycle. Of the life cycle phase&, the
application. The selection of a document operational or use phase is primary In that
within any one grouping oa Standards and all other phases exist for this phase alone. In
Specifications shall be a suitable Standard, if a broad sense, standards and specifications
any, over a suitable Specification (Ref. 28). applicable to every phase relate to the

operational environment. An operational
1. Coordinated Federal Standards and environment Is envisioned in the concept

Specifications formulation phase, for example, and materiel
and processes are specified in other phases

2. Coordinated Military Standards and with the operational environment in mind.
Specifications Environmental critcria usually are specified
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ASA 13.5-1966

UVo INSTEAD OF
NIL-ITD-GSSA
21 Key 1962

ACCEPTNCE NOTICE

The above IXdustry SUR"ndrdia0tion Document was adopted on

10 January 1367 and Is approved for use by the DoD. The Indicated

Industry groups have furnished the clearancse required by existing

reuulations. Copies of the doument wre stocked by DoD Single

Stock Point, U I Naval Publications ad Forms Center, Philadelphia,

Pennsylvania, for Issue to DoD activities only.

Title of Do-umantt Flovahart Symbols for

Information Processing

Date of specif•i Issue Adopted: I June 1966

Selessing Industry Groupt United States of America
Otandarde Institute

Custodians: Military Coordinating Activity

Army - IL Army - IL

Navy - IN

Air force - 26 Project Number 7440-0007

Raview Activity:

Navy - 3H

Ftupr 6 I f, Ampwoin Notie ko a Coordinated Indkstry Stniwdrntieton

Ocunwit Adoptod by DO0 (Ref. 2)
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in the contract definition pham, and en- experience, a U S Army Quartermaster
vironmental tests are conducted in both the Report was published in 1951 which pro-
development and production phases, The vided low-risk, surface level land and sea
environmental tests specified are to demon- extremes. This report served as the basis for
strute that the item will function as it is the original MIL-STD-210 which wa pub-
Oeslgned to function and under the condi- libhed and made mandatory for DOD use in
tions expected during its lifetime. June 1953. The A revision, published in

August 1957, includes limited upper air
Environmental criteria exist in most data. MIL-STD-21 0 is the basic document

equipment specifications. A complete equip- describing military environmental extremeL
ment specification comprises so many de- It is a unique document, unlike any others
tailed specifications that many include gen- to be discussed.
eral environmental standards and specifics-
tions by reference only. These general MIL-STDr210 ists the probable extreme
environmental documents are discussed in climatic conditions of the natural environ-
detail in this paurgmph. Environmental ment to which military equipment may be
standards and specifications have several exposed. Probable extremes are defined as
advantages over equipment standards and values determined by scientific judgment not
specifications that contain environmental to be surpassed in more than 10 percent of
criteria. It is extremely difficult to insure the days during the most extreme month (3
that the latest information is reflected hi days). This is a calculated risk policy
every applicable specification as compared to adopted in view of the increased cost and
a general environmental standardization doc- complexity of designing military equipment
ument. Furthermore, If individually pre- for the absolute extreme conditions that
pared, different environmental requirements might occur anywhere in the world, The
may be specified for otherwise identical environmental factors considered in this
equipment, significantly increasing costs. standard are thermal stress, humidity, precip-

itation, wind, penetration and abrasion, and

Environmental standardization documents atmospheric pressure. Seven spheres of
and environmental criteria in equipment operations are delineated as follows (Ref.
specifications are, in general, out of date and 31):
baned upon uncertain assumptions that are
documented poorly if documented at all. I. Operation, pround, worldwide

*. Considerable effort: are being invested in
updating environmental data and environ- 2. Operation. ground. arntic winter
mental standardization documents (Refs,
29.30). Table 6.6 indicates the types of 3. Operation, ground. moist tropics
environmental tests found in a varety of
Military Standards. 4. Operation, pround, hot desert

5. Operation, shipboard. worldwide
6-5.1 MIL.-TD21.tl CLIMATIC EX.

TRIMU POR MILITARY EQUIP- 6. Operation, airborne, worldwide
MINT

7. Worldwide short-term stosage and tran-
MIL-STD.210. Climatic Extremes Jor Milh- sit,

tery &Pulpment, evolved from the structural
and oerstional failure of combat and MIL-STD-210A currently is being revised.
support equipment during World War II A revision, the B revision, has been
because of exposure to envirootmental ex- undertaken in 1972-73 and. when published.
tremes (Ref. 31). In response to this will supersede revision A, This revision effort
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was brought about by a vastly improved Major changes are discussed in the pars-
climatological data base. maturing concepts graphs that follow,

in the application of climatic information in
dasign, and dissatisfaction with wording in Extremes for only the unmodified, natural
the current issue, environment are included in the B revision.

Revision A includes a set of extremes for
An introductory paragraph to revision A short-term storage and transit that is now

reads, in pat, as follows: "This standard considered unrealistic and that significantly
indicates the probable extreme climatic increases the difficulty and cost of equip-
conditions of the natural environmeist to ment desigi.
which military equipment may be exposed
and is intended to establish uniform limits Storage and transit extremes are too
not to be exceeded in normal design dependent upon physical properties of the
requirements." With this wording in the equipment and conditions of exposure to be
Introduction, the standard can be inter- specified quantitatively in any standard. It is
preted as a restriction for establishing design unrealistic to hope to specify the infinite
extremes not to be exceeded rather than a number of intermediate, induced conditions
requirement that these extremes be the goals that can occur in storage.
for military equipment, as was the original

purpose of the drafters of the first edition, Extremes are separated into three parts:
Preliminary drafts of the B revision indicate overland, maritime (over sea and coast). and
that the "purpose" will be reworded to read, upper air. Only one set of extremes for each
in part, as follows (Ref. 32): part will be presented as opposed to regional

breakdowns: e,&., arctic winter, hot desert,
"To establish mandatory require- etc. These extremes are representative of the

"ments to be usad as a basis for design severest geographic areas but not of unom-

of military matetiel which must with- aoun locations witheir those areasn Extreme

stand and operate in the world-wide Nalues for several environmental factors

climatic extremes of the natural en- deemed important in the design of some

vironment. These requirements are not equipments are not included because of a

necessartly testing criteria, but will lack of data. These are to be Included in

serve as a basis for testing. This subsequent revisions as needs arise and data

document does not apply in the design become available.

of materiel to be used only in specific Vie two types ol' mandatory extremes
locations. used in the B revision are operating and

withstanding, rather then operations and
"When these requirements are Im- short-term storage in transit as currently

practical for a specific item of materiel, used in the A version. Moreover. the risk
an exception or deviation must be policy is changed from extremes that ure
Identified and justified. This justifics- equaled or surpassed on 10 percent of the
tion will Include engineering studies days ($ days) tc I percent of the hours (7,4
showing savings involved in the accept- hr) in the most severe month for most of
ance of alternative, limiting extremes, the climatic elements (some exceptions have
and environmental studies showing the been recommended).
risk incurred by the acceptance of these
alternatives." Extremes that have a near zero chance of

being equaled or surpassed are to be
The proposed 3 revision contains other provided as design goals for equipment when

fundamental and noteworthy changes in operational failure due to an extreme
philosophy and content from th," A revision. environment would endanger life. Further-
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more, a set of less severe values with a subsequent to the publication of the B
greater likelihood of occurrence than tne revision of MIL-STD-810, and both MIL-E-
mandatory limits may be included in the B 5272 and MIL-T-5422 are inactive for new
revision to provide guidance in requesting designs that should use MIL-STD-810. MIL-
waivers. STD-810 includes 19 environmental test

methods applicable to most military materiel
Climatic extremes given individually In and recommends a test sequence to be

revision A frequently have becn used jointly followed for each category. Specific Items of
in equipment testing to provide so-called materiel referenced in the standard are all
accelerated or aggravated tests. This practice ground equipment for both sheltered and
frequently leads to conditions that involves unsheltered use; aircraft and missile support
many cycles of the simulated natural equipment for outdoor use, electrical, elec-
extremes, but imposed in much shorter time tronic, and communications equipment in
than would be encountered in nature. both sheltered and unsheltered environ-
Accelerated tests provide some indication of ments; and equipment installed in aircraft,
the long-term tolerance of a piece of helicopters, and air and ground launched
equipment; however, they do not include vehicles. Additionally, guidance in testing
highly controlled correlations determined in satellites and spact, vehicles is included. The
the laboratory. However, aggravated tests test method- Included in MIL-STD-810 are
utilizing extremes far beyond those occur- tabulated in Table 6-7 (Refs. 33,37).
ring in nature should be used only when the
results of the tests can be correlated to Rvision C of MIL+STD-810 is currently
degradation in the natural environment from in preparation which will significantly alter
past investigations for the specific class of its format and its technical procedures. The
items being tested (Ref. 32). present version will evolve into two separate

documents with revision C. MIL-STD-810
8-5.2 MIL-STD-SlO, ENVIRONMENTAL will be issued as an upgraded environmental

TEST METHODS test methods document, and a new standard
(proposed MIL-STD-81 I) will be issued as a

MIL-STD-810, Environmental Test Meth- test requirements document. This practice is
ods, establishes uniform environmental :est in common use; e.g., MIL-E-5400 is an
methods for determining the resistance of environmental requirements doL 'sent and
equipment to the effects of natural and MIi.T-5422 is a related envitronmental test-
induced environments peculiar to military ing document (Refs. 38,34). The environ-
operations (Ref. 33). It evolved from an mental requirements document will include a
obvious need to upgrade existing environ- description of the environmentar conditions
mental test pr•,cedures and criteria and to under which the equipment will be used,
e: tablich a single standard environmental test including the environmental extremes to be
document. encountered during its life cycle. The

requirements document will delineate be-
Numerous standardization documents tween operating and withstanding environ-

were reviewed during its preparation and ments and specify required environmental
three, in particular, are reflected in MIL- tests. The test methods document will
STD-810. These are MIL-r-5422F(AS), Test- include improved and upgraded test methods
ing, Environmental, Airborne, Electronic, that are more readily adaptable to specific
and Associated Equipment; MIL-E- equipment requirements, an objective parti-
5272C(ASG), Environmental Testing, Aero- ally achieved in revision B. Addltion:.lly,
nautkal and Associated Equipment, General detailed failure criteria that include failure
Specification for; and MIL-E-4970. Environ- mode descriptions and exact retest pro-
mental Testing, Ground Support Equipment cedures have been proposed for the MIL-
(Refs. 34-36). MIL-E-4970 was cancelled STD-81OC/811 d'ccuments.
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TABLE 6-7.

ENVIRONMENTAL TEST METHODS IN MIL.ETD.SIO

Test Method Environmental factor

500 Altitude
501 High temperature
502 Low temperature

503 Temperature-shock

504 Temperature-altitude
505 Sunshine

506 Rain
507 Humidity
508 Fungus

509 Salt fog

510 Dust

511 Explosive atmosphere

512 Leakage (Immersion)

513 Acceleration

514 Vibration

515 Acoustical noise

516 Shock

517 Space simulation
518 Temperature-humidity-altItude

519 Gunfire vibration, aircraft

A difficulty frequently encountered in however, to enhance future revision efforts
revising or consolidating environmental stan- (Ref. 30).
dardization documents is a lack of informa-
tion concerning the origin of requirements 6.5.3 MIL.STD-202, TEST METHODS FOR
and test limits. The MIL-STD-810 review El ECTRONIC AND ELECTRICAL
committee has recommended that the back- COMPONENT PAkTS
pround to all new requirements and test
methods be documented, referenced in the MIL-STD-202 "establishes uniform meth-
Standard, and kept on file by the commit- ods for testing electronic and electrical
tee. Thbis recommendation is not intended to component parts, including basic environ-
prevent the inclusion of new concepts that mental tests to determine resistance to
are 6ased on engineering judgment. In many deleterious effects of natural elements and
cases engineering judgment is the only basis conditions" (Ref. 39). It is a basic environ-
for including new concepts. The rationale mental standardization document compar-
for r 'ch inclusions should be dnc.umonted, able to MIL-STD-810; hnwever, it is spe..
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cifically applicable to component parts, was qualified through the testing procedures
whereas MIL-STD-810 is applicable to mate- in MIL-T-5422 and replacement parts will
riel, continue to be qualified by this document

until this materiel is replaced. The environ-
The test methods included in MIL-STD- mental tests specified in this Specification

202 are classified as environmental tests, are largely reflected and upgraded in MIL-
physical characteristics tests, and electrical STD-8 10 (Ref. 33).
characteristics tests. Many of the physical
characteristics tests are actually induced MIL-E-5272C(ASG), Eni'Ironmental, Test-
environmental tests and are tabulated alona ing, Aeronautical and Associated Equipment,
with the environmental tests in Table 6&8. General Specification For, is another limited

coordination specification (Ref. 35). It is
"6..4 OTHER ASSOCIATED DOCUMENTS Inactive for new design, but is still used in

the procurement of replacement parts for
MIL-T-5422F(AS), Testing, Environ- the maintenance of military materiel. For

mental, Airborne Electronic and Associated new designs, MIL-STD-8 10 must be used in
Equipment, is a limited coordination Mill- lieu of MIL-E-5272. Test methods compar-
tary Specification approved by the Naval Air able to those of MIL.-E-5272 are included in
Systems Command (Ref. 34). It contains MIL-STD-810 (Ref. 33).
procedures for the environmental testing of
the subject equipment. This test method MIL-PSTD-446, Environmental Require-
specification Is inactive for new designs and ments for Electronic Parts, "establishes
MIL-STD-810 should be used Instead. How- uniform levels of environment and condi-
ever, much materiel In the military inventory tions that electronic parts will be exposed to

TABLE 64.
ENVIRONMENTAL TEST ME1THODS IN MIL4TD-202

Test method En~vironmental factor

101 Salt spray (corrosion)
102 Temperature cycling
103 Humidity
104 Immersion
105 Barometric pressure (reduced)
106 Moisture resistance
107 Thermal shock
109 Explosion
110 Sand and dust
III F anmmabi Ility
112 Seal
201, 204, 214 Vibration
202, 205, 207, 213 Shock
212 Acceleration

6-4



A-MP 70.6110

in military service" (Ref. 40). It establishes and MIL-E-5272 are reflected largely in
environmental goals to be met in developing MIL-STD-810 and are inactive for new
parts to meet military needs. It does not designs.
include test methods but rather references
test methods from other documents. Table 6.11 tabulates environmental factors

for which standardized test procedures have
A particularly useful feature of MIL-STD- been prepared. Applicable standards and

446 is an appendix that provides guidance specifications are Included for each factor
for determining the environmental require- along with a brief statement of the test
ments levels of component parts that are conditions. A brief discussion of each of
compatible with the parts application in these standardized environmental tests fol-
military equipment. Seven categories of lows.
application are defined, and environmental
factors characteristic of each category are &.I ALTITUDE (LOW PRESSURE)
tabulated. Table II of that appendix ig
included herein as Table 6-9. Altitude or low pressure tests are con-

ducted to determine the deleterious effects
These and many other standardization of low pressure on unpremurized aerospace

documents that relate to the environment and ground equipment. Ground equipment
are categorized and tabulated in Table 6-10. may be exposed to inw pressure while being
The Criteria, Terminology, and Tedt Method air transported or whets operated at elevated
documents are limited in number, and their ground sites. Unpressurized aerospace equip-
tabulations in the table are reasonably ment is required to perform satisfactorily
complete. Equipment specifications that con- under al low pressure mission conditions.
tain environmental criteria are numerous, so Low pressure problems evolved as aircraft
that the tabulation of such specifications began flying at altitudes higher than a few
should be considered only as a sample, thousand feet above sea level. They vary In

severity from the mild problems encountered

0.6 STANDARDIZED ENVIRONMENTAL by aircraft flying in the atmosphere of the
TEST earth to the severe ones encountered by

space vehicles in the near-perfect vacuum of
Environmental tests am conducted to outer space (Ref. 33).

determine the effectv of the environment on
materiel. In keeping with the objectives of Low pressure test requirements for ground
the Defense Standardization Program (DSP), support in aerospace equipment are dis-
many environmental tests have been stan- cussed in MIL-E-5272. A temperature of
dardized in military and other standards and -54*C is specified, but various altitudes to
specifications. These standardized tests are 100,000 ft are given. MIL-T-5422 contains a
intended to reflect the natural and induced temperature-altitude, mission-nroflle-type
environments to which military materiel will test with a choice of temperatures ranging
be exposed. They are helpful at each of the from +260*C to -62 0 C and altitudes to
life cycle phases and are mandatory upon 80,000 ft. In neither of these specifications
the DOD departments. is any mention made of dewpoint control,

The low pressure test of MIL-STD-810
Although numerous equipment specific&- standardizes the wide spread of altitude and

tions include environmental criteria, there temperature requirements in existing equfp-
are relatively few environmental test stan- ment specifications and reconciles the differ-
dards and specifications. As the DSP contin- ences in MIL-E-S272 and MIL-T-5422.
ues to evolve, it is likely that many will be
cancelled in lieu of improved, more appli- With the advent of' space vehicles, no set
cable documents. For example, MIL-T-S422 limit short of a perfect vacuum can be
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TALIL 6-10.
ENVIRONMENTAL STANDARDIZATION DOCUMINTS (Ref. 30)

Category/Document Title

Environmental criteria

1. MIL-STD-210 Climatic Extremes for Military Equipment

Environmental termlnolocy

1. MIL-STD-1165 Glossary of Environmental Tems (Terrestrial)

Environmental test
methods

1. MIL-STD-810 Environmental Test Methods

2. MIL-STD-202 Test Methods for Electronic and Electrical
Component Parts

3. MIL-STD-446 Environmental Requirements for Electronic
Parts

4. MIL-T-5422 Testing, Environmental, Airceaft Electronic
and Associated Equipment (Inactive for
New Designs--use MIL-STD-O810)

5. MIL-E-5272 Environmental Testing, Aeronautical and
Associated Equipment, General Specification
for (Inactive for New Designs--use MIL-STD-810)

Equipment documents,
including environmental

criteria

1. MIL-T-8679 Test Requirements, Ground, Helicopter

2, MIL-T-7743 Testing, Store Suspension Equmient,
General Specification for

3. MIL-T-8207 Test Procedure for Aircraft Pressurized
Compartment

4. MIL-T-25920 Test, Ground and Flight, Aircraft Gas
Turbine Propulsion Systep Installation

5. MIL;STD-108 Definition of Basic Requirement for
Enclosure for Electric and Electronic
Equipment

6. MIL-T-5920 Test, Aircraft Armament Installations
and Accessories
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TAULE 8-10 (iontiflued).
ENVIRONMENTAL STANDARDIZATION DOCUMINTS (Rer. 20)

Category/Document Ti tle

7. MIL-T-21200 Test Equipment for Use with Electronic
and Fire Control Systems, General
Specification for

8. MIL-STD-331 Fuze and Fuze Components Environmental
and Performance Test for

9. MIL-STD-167 Mechanical Vibrations of Shipboard
Equipment

10. MIL-STD-258 Test and Inspection of Trucks, Forklift,
Self-side Loading, Gasoline

11. MIL-STD-259 Test end Inspection of Tractor, Wheeled,
Warehouse, Gasoline and Electric

12. MIL-STD-261 Test and Inspection of Crane Truck,
Warehouse, Gasoline, Pneumatic Rubber Tires

13. MIL-STD-262 Test and Inspection of Crane Truck,

Warehouse, ElectricL Solid Rubber Tires

14. MIL-STD-265 Test and Inspection of Truck, Fixed

15. MIL-STD-266 Test and Inspection of Truck, Fixed
Platform, Powered Electric Pneumatic
Rubber Tires

16. MIL-STO-267 Test and Inspection of Truck, Straddle-

carry, Gasoline, Pneumatic Rubber Tires

17. MIL-STD-268 Test and Inspection of Truck, Lift, Fork

18. MIL-STD-735 Test Methods and Test Equipment for
Thermometers used In Machinery and
Piping Systems

19. MIL-STD-788 Test Requirements for Replenishment-at-sea

20. MIL-STD-858 Testing Standard for Personnel Parachutes

21. MIL-STD-872 Test Requirements and Procedures For
Aircraft Emergency Ground and Ditch
Escape Provisions

22. MIL-STD-888 Testing Program for Emergency Escape
Capsule Recovery Systems

23. MIL-STD-448 Test Methods For Construction and Industrial
Machinery
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TABLE 1.10 (C0nlomd).
ENVIRONMINTAL STANDARDIZATION DOCUMENTSI Ref. 310)

Category/Document Title

24. FED-STD-191 Textile Test Methods

25. MIL-W-5522 Test Procedure for Aircraft Hydraulic
and Pneumatic Systems

26. MIL-T-6780 Test Procedure in Electrical
Installation Aircraft

27. MIL-T-152 Treatment, Moisture- and Fungus-
Resistant, of Communication,
Electronic, and Associated Electrical
Equipment

specified for installed equipment operation. 6.8.2 HIGH TEMPERATURE
In consideration of this fact. Method 500,
Procedure 2 of MIL-STD-8l0 simply states The high temperature test i, conducted to
that the chamber internal pressure shall be determine the resistance of aerospace and
reduced to the lowest pressure condition for ground equipment to elevated temperatures
which the test item is designed to operate that may be encountered during service life,
while maintaining the specified temperature. either in storage with or without protective

packaging or under service conditions. Many
Currently, the Standards and Specifics- types of equipment are affected by high

tions pertinent for low pressure or altitude temperature, but not all in the same way.
tests are MIL-STD-810, Methods 500 and The high temperature test is recommended
504; MIL-E-5272, Section 4.14; and MIL- for all classes of aerospace and ground
T-;422, Section 1.4. The temperature- equipment. In the absence of well-defined
altitude test of MIL-T-5422 has been system criteria rezqarding compartment tern-
incorporated into the temperature-altitude peratures, intended heat exchangers. ram air
test, Method 504, of MIL-STD-810. The available for cooling. etc., general test
requirement for conducting a corona or procedures can give only general guidance
electric arc survey with the test item and test levels for performing the avetage
operating as pressure is increased is unique test. Test Method 504 or MIL-STD-IO
to MIL-STD-810, This survey is not included recognizes the ever-increasing severity of
in MIL-E-5272 or MIL-T-5422. equipment operating temperatures. Five

equipment classes are identified in this
These standards and specifications, in standard, and tests are indicated that range

some instances, control both temperature from 550 to 260"C (131* to SOOF).
and pressure. Low pressure can be included
as part of any combined environmental tests; 8.6.3 LOW TEMPERATURE
however, since the purpose of these tests is
to attain the specified vacuum, other Low temperature testing is conducted to
environments are either ignored or uncon- determine the effects of low temperature on
trolled. aerospace and ground equipment. Low
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temperature is encountered from ground rubber) and test experience have Indicated
level to all altitudes. As a result of the low that 72 hr is usually a correct time duration
temperature testing experience pined in the (Ref. 32).
past, and based upon criteria established in
MILSTD-210, the foCowing conditions are The rapidly expanding use of cryogenic
established as standard, fluids has opened a whole new area of low

temperature operations. Cryogenic engineer-
(I) -62"C (-80F) for transportation and ing has developed as a specialized field of

storage knowledge. Items such i pumps, valves,
storage vessels, and connecting pipes are

(2) -540C (-650F) for worldwide opera- designed and used according to cryogenic
tions practiceu. These items are tested by installing

them in cryogenic systems. Test Method 517
",3) -40"C (-40*F) for operation in con- of MIL-STD-810 requires a test chamber

tinental United States wall temperature of -195*C (-3200 F). This
is the only current, general environmental test

(4) +20C (+35DF) for equipment operated procedure that requires use of cryogenic
in temperature controlled areas. temperatures.

The low temperature testing specified in A.4 TEMPERATURE SHOCK
MIL-STD-810 provides the lowest natural
temperature conditions that aerospace and The temperature shock test is conducted
ground equipment can be expected to to determine the effects on aerospace and
experience except for possible extreme ground equipment of sudden changes in
conditions in the Antarctic or operations temperature of the surrounding atmosphere.
involving cryogenic fluids. MIL-E-810 is Cracking or rupture of material dite to
basically a combination of MIL-E-4970, sudden dimensional changes-by expansion
which it supersedes, and MIL-E-5272C. It or contraction-are the principal difficulties
takes into consideration the lowest tempera- to be anticipated. This could occur in service
ture under which the test item is designed to to aerospace equipment during rapid altitude
operate. MIL-STD-810 requires the minimum changes and whenever ground equipment is
exposure of not less than 48 hr to a moved from heated storage buildings to low
temperature of -62'C (- 80*F). It is reasoned temperature or outdoor areas or vice versa.
that, for all practical purposes, most test An item of equipment may be exposed to
items would have reached stabilization after the heat of the desert and tropics on the
48 hr and that little could be gained by ground and to the low temperature of high
exposure for an additional 24 hr. However, altitude a few minutes later. It is possible,
experience has shown that some massive test for example, for an item of equipment to be
items actually do require up to 72 hr to subjected to a maximum ambient tempera-
reach a practical degree of stabilization. ture traverse of 125 des C (225 des F)
Also, congealing of oils and greases is a within a few minutes. This rapid change of
progressive action extending over hours or ambient temperature in an item of equip-
days. Differential contraction and other low ment, known as temperature shock, may
temperature effects cannot be complete until cause malfunctions.
stabilization at a low temperature is com-
plete. The exposure time of a low tempera- The temperature extiemes specified for
ture test must be sufficiently long to insure thermal shock tests are not intended to be
that the effects that will occur during in agreement with temperature extremes
operational use will also occur during the specified for high and low temperature tests.
test. Investigation of changes in organic The extremes specified lor thermal shock
materials (such as lubricants, plastic, and tests are intended to provide for a thermal
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traverse of 125 deg C within a few minutes temnerature of the equipment substantially
(Ref. 37). above the ambient temperature. The photo-

chemical effects of sunshine may cause
6-&.5 TEMPERATURE-ALTITUDE fading of colors, deterioration of paints.

(CYCLING) plastics, fabrics, and natural rubber.

The temperature-altitude test applies to The solar spectrum and energy distribu-
aerospace equipment and is conducted to tion within the spectrum have been iena-
determine the ability of such equipment to sured scientifically and accurately. It is
operate satisfactorily under simultaneously difficult, however, for state-of-the-art energy
applied varying conditions of low pressure, sources to match perfectly this spectrum and
high and low temperature, and high relative energy distribution. The present test simu-
humidity. The temperature-altitude test and lates the radiant heat effects of natural
low temperature solar energy test of MIL- sunshine.
STD-810 are the only tests in present
environmental test standards and specifica- In a sunshine test, the heat effect Is due
tions that attempt to accomplish a combined to radiation. It is directional and produces
or mission profile type test. The test temperature gradients through the test item.
combines over a specified time period, high The temperature will vary from a low, equal
humidity, temperature extremes, low pres- to ambient air temperature, to a high, many
sure, and equipment on off-duty cycles, degrees above ambient.
Only the absence of the temperature shock.
mechanical shock, vibration, acceleration. Although the sunshine test rarely is
and explosive atmosphere in environments performed in combination with other en-
prevents this procedure from being a total vironmental tests, the following relationships
mission profile test. can exist:

This test differs from the low pressure (I) Sunshine and fungus. Because of the
(altitude) tests discubsed in par. 6-6.1 by the resulting hest from solar radiation, this
addition of humidity as an environmental combination probably produces the same
factor. With the introduction of humidity, combined effects as high temperature and
the formation and melting of frost during fungus.
cycling from low to high temperatures is an
added factor. (2) Sunshine and sand and dust. It is

suspected that this combination will produce
6-6.6 SUNSHINE (SOLAR RADIATION) high temperatures.

The sunshine test is conducted to deter- (3) Sunshine and vibration, Under vibra-
mine the deleterious effects of radiant tion conditions, solar radiation deteriorates
energy on aerospace and ground equipment. plastics, elastomers, oils, etc,, at a higher
The sunshine test is applicable to any item rate. The sunshine tests are applicable to
of equipment that may be exposed to equipment that may be exposed to solar
sunshine during service at the surface of the radiation during service or unsheltered stor-
earth or in the lower atmosphere (below age at the surface of the earth or in the
100,000 ft). For the purposes of this test, lower atmosphere (Ref. 37).
only the terrestrial portion of the solar
spectrum is considered. The effects of solar 6-6.7 RAIN
radiant energy may be divided into two
general classifications-heat effects and The rain test is conducted to determine
photochemical effects. Heat effects on ex- the efficiency of protective covers or cases
posed equipment can raise the internal designed to protect equipment from the
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elements. Ibis test is applicable to all items corrode in a natural tropical environment.
of unsheltered ground equipment and may The same item also would probably corrode
apply in certain special cases to sheltered after repeated exposure to water condensa-
and vehicle-installed equipment. The simu- tion upon return of an aircraft from the
lated rain, as used in this test, is not wind cold regions of the atmosphere to a warm,
driven and, therefore, is unsatisfactory as a humid landing area. Experience has shown
rain-erosion test. Rain-erosion testing of that the h'midity test is one of the more

as radomes and nose cones difficult environmental tests for an item of
requires special test procedures. equipmcnt to pass (Ref. 37).

The rain test has not been impeded Humidity combined with high tempera-

through a lack of knowledge of the ture and sand and dust will also promote the
environment, effects, and measurements, but growth of fungus. Humidity i5 a requirement
rather in the lack of development of a of fungus and the salt fog test. Corrosion of
facility capable of simulating naturul rainfall, structural metallic parts resulti.,g from

A satisfactory facility has now been devel- humidity will accelerate failure when the
oped and Is described in MIL-C-881 1, test item is subjected to vibration and
Chamber, Rain Testing (Refs. 37,41). mechanical shock (Ref. 37).

Rain, as a source of moisture or humidity. 6-6.9 FUNGI
will promote the growth of fungus. In
general, rain as an environmental factor is The fungi test is conducted to determine
seldom considered as having a definite the resistance of equipment to fungi and to
relationship to the other environmental tests, determine if such equipment is affected

adversely by fungi. The test involves ex-
6-8.8 HUMIDITY posure of components, equipment, and

materials to fungi in an environment highly
The humidity test is conducted to deter- conducive to fungous growth.

mine the resistance of equipment, co,,g-
ponents, and systems to the effects of The fungi test procedures in current use
exposure to warm, humid atmospheres such are the result of both experiment and
as encountered in tropical areas. The descent experience, Fungi are living organisms whose
of aircraft from the cold, upper atmosphere growth rate can be accelerated only slightly
to the surface of the earth also causes and whose sensitivity to various environ-
moisture problems even in temperate cli- mental factors cannot be controlled directly.
mates. This places certain limits on test conditions

that cannot be changed arbitrarily. The
Present day standards and specifications temperature and relative humidity used for

for humidity tests have evolved through a the test provide optimal or near optimal
long history of comparison studies. These growth conditions for the fungi specified.
are accelerated environmental tests, accom- Experience has shown that the specified
plished by the continuous exposure of the length of time is necessary for valid test
test item to high relative humidity at results. In most cases the cost of continuing
elevated temperatures. These conditions a test for 28 days is low compared to the
impose a vapor pressure on the equipment cost of failure of the item in the operational
under test that constitutes the major force environment. After a period of time, the
behind moisture migration and penetration, action of moisture and bacteria may cause

conditions that will support fungous growth
It is reasonable to expect that a test item where it would not have occurred before.

that corrodes when subjected to one of The fungi test merely indicates that an item
these humidity tests would sooner or later can resist fungous growth for a time equal
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to the duration of this test. The test item ing linen, cotton, or wood flour as a filler.
may or may not remain free of fungous plastic films containing fungi-susceptible
growth for longer periods of time in actual plasticizers, and elastomers containing fungi-
service. However, some indication of fungous susceptible catalysts. plasticizers, or fillers
resistance is highly desirable for military (Refs. 33,37).
hardware.

6.6.10 SALT FOG
Although materials that support t nngous

growth are known and can be avoided in the The salt fog test is conducted to deter-
construction of equipment, the equipment mine the resistance of equipment to the
should still be subjected to a fungi test to effects of a sailt atmosphere. Damage to be
assure that no fungi-supporting material has expected from exposure to salt fog is
been inadvertently used. Subjection of primarily corrosion of metals, although in
equipment or systems to a fungi test also some instances salt deposits may result in
will help demonstrate the general suitability clogging or binding of moving parts. In order
of the test item for use in tropical areas. to accelerate this test and thereby reduce

testing time, the specified concentration of
Recent reports have indicated that bac- moisture and salt is greater than is found in

terial and fungous growth still occurs in fuel service. The test is applicable to any
tanks. Fungi testing of all parts and equipment exposed to salt fog in storage or
components used in fuel systems would help service conditions. Military operations have
solve this problem. revealed serious damage to metallic com-

ponents and equipment from salt fog.

Conspicuously missing from the present

fungi test criteria is a clear definition of The salt fog test is tile oldest of tile
what constitutes failure. This is not easy to environmental tests dating hack to 1914. It
determine because of the complicating cor- has a long history of development directed
rosive effects of high humidity, toward standardizing test conditions to

obtain better correlation among different
The fungi test can also be considered a laboratories conducting these tests. In addi-

humidity test for many items. However, the tion to being the oldest environmental test,
constant temperature and relative humidity it is probably the most controversial. The
conditions of the fungi test do not provide salt fog test currently in use reproduces the
the breathing of equipment which occurs natural forces of saline deterioration in kind
during a humidity test in which the if not in degree, anti the usefulness of the
temperature is cycled. Another difference test for evaluation of equipment is depen-
between the fungi test and the humidity test dent to u considerable degree upon the skill
is that tempeiatures of up to 160'F are used and knowledge of the evaluator.
in the humidity test compared to a
temperature of 86 0F used in the fungi test, The question of correlation of laboratory
It might be found that 28 days of low tests with natural environments is raised
altitude temperature cycles around 86*F constantly. The prospect of devising a
would provide corrosion as great as that unllorm laboratory procedure that would
produced during the 10 days of the present exactly simulate a complex variable such as
humidity test. worldwide natural marine atmosphere is

remote. An incalculable amount of time and
Typical materials that will support and are money already has been spent for this

damaged by fungi are cotton: wood: linen: purpose.
cellulose nitrate; regenerated cellulose:
leather; paper and cardboard, cork; hair and Experience has shown that a direct
felt; natural rubber; plastic materials contain- relationship seldom exists between resistance
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to salt spray corrosion and resistance to ExplosivL atmosphere tests have evolved
corrosion in other media. However, some from extensive research and experimenta-
idea of the relative service life and behavior tion. These results are reflected iri the
of different samples of the same or closely requirement for the use of aviation gasoline
related metals or of protective coating-base and the slowly varying altitudes, both above
metal combinations in marine and exposed and below the test altitude.
seacoast environments can be gained by
means of a salt spray test. It is especially The explosive atmosphere tests art: in-
helpful as a screening test for revealing tended primarily for use with flight vehicles.
inferior coatings. Ground equipment used in or near vehicles

also are tested in accoi i'nce with this
6-6.11 SAND AND DUST procedure. except that the specified altitude

survey need be conducted only to 10,000 ft
The sand and dust test is used during the (Ref. 37).

development, test, and evaluation of equip-
ment to ascertain its ability to resist the 6-6.13 IMMERSION (LEAKAGE)
effects of sharp-edged, fine sand and dust
particles which may penetrate into cracks, The immersion test determines the ability
crevices, bearings, and joints and cause a of an equipment to be immersed in fluid
variety of damage -fouling of moving parts, without leakage of the fluid into the
making relays inoperative, and acting as a enclosure. It is conducted tO determine the
nucleus for the collection of water vapor. It integrity of hermetic and gasket seals and is
is applicable to all mechanical. electrical, applicable to all equipment incorporating
electronic, electrochemical. and electro- such features.
mechanical devices for which exposure to
the effects of dry sand- anti dust-laden The validity of' any immersion or leakage
atmosphere is anticipated. Because of the test as an environmental test has been
abrasive character of sand and dust, items of questioned. It is argued that the ilmmersion
hardware having moving parts are partiCt- test must be made by fhe equipmlent
larly vulnerable, Aircraft engines are parti- manufacturer as a part of his production line
cularly vulnerable to sand and dust entering quality control and should be specified in
through unprotected air intakes (Rel. 37). detailed ,quipment specifications (Ret. 37).

68.6.12 EXPLOSIVE ATMOSPHERE 6-6.14 ACCELERATION

The explosive atmosphere test is con- The acceleration test determines structural
ducted to determine the ability of equip- SOUlldness and satisfactory performance of
ment to operate in the presence of an eqluiielcnt ini an environment of' steady-state
explosive atmosphere without creating an acceler-'tion other than gravity,
explosion or to contain an explosion occur-
ring inside the equipment. Equipments that The acceleration test contained in MIL-
are to operate in potentially explosive STD-810 lbr equipment encompasses the
atmospheres are operated in the presence of general requirements of preceding accelera-
the optimum fuel-air mixture that requires tion tests, e.g,. MIL-E-5272, such as test
the least amount of energy for iglnition. The time duration, minimum size of centrifuge,
igniting energy may be produced electrically, axes, and directions of mounting the test
thermally, or chemically, These items, there- item, Determination of test levels was based
fore, are tested by operating them in on the assumption that in most cases the
ignitable fuel-air mixtures in a test chamber thrust and thus the acceleration is one of
to Insure that the item will not ignite the the Initial parameters determined or speci-
optimum fuel-air mixtures. fied in the planning or development of a
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weapon ý;ystem or aerospace vehicle. These Applicable standards and specifications
determinations usually are reached long address themselves to vibration problems.
before the development of supporting hard- Vibrational characteristics of reciprocating
ware. Therefore, when the design factors are and jet engines differ significantly, for
specified for the supporting equipment, the example, as do the characteristics likely for
location and G-levels anticipated would be naval requirements and ground support
known. The multipliers given are based on equipment. The latest environmental test
actual data gained from past experiences, standard, MIL-STD-810, attempts to recon-
The envelopes given represent the approxi- cile the differences among earlier specifica-
mate severity of the upper quartile of data tions (Ref. 33). MIL-STD-810 also includes
considered and do not cover extreme or new criteria for ground- and air-launched
unusual environmental conditions. It is missiles and space vehicles which, prior to its
emphasized that these data are not dt-finitive publication, had not been considered.
or mandatory. The envelopes are presented
as suggested G-level estimates that are Certain newly developed vibration criteria
considered reasonable in the absence of are unique to MIL-STD-810. For example, a
known data. set of vibration test curves is offered which

varies in -',erity, depending upon the
Acceleration is clobely related to any location of the equipment within the

other environment that can change stress vehicle. Also included is a new requirement
levels or induce motion into the test item. that the test item demonstrate proper
Further, sustained acceleration usually" operation during vibration cycling and reso-
intensifies-or even accelerates-effects of nance dwell-ground-launched missiles ex-
other environments such as vibration, noise, cepted. Air-launched missiles are considered
and shock. Temperature gradients and ex- for the first time in the vibration test.
tremes also should be considered as a related During the first test phase, the missile is
environment. Any environment that can exposed to a vibration test such as that
affect the stress-resisting ability of the test imposed on the equipment located within
item-such as abrasion, salt fog, particle the aircraft. This is justified by the fact that
impacts, and sputtering-should not be the missile is attached directly to the aircraft
ignored. These related environments shou'd and is esscntially a piece of aircraft hardware
be considered seriously for inclusion is until it is launched.
applicable in any test involving sustained
acceleration. It is only through such a The vibration test curves of MIL-STD-810,
combined test that a true assessment can be intended for testing aircraft hardware. are
made of an equipment as related to its similar to the curves of previous specifica-
intended mission (Ref. 37). tions. The frequency range of applied

vibration is still 5 to 500 Hz for all test

6-6.15 VIBRATION curves except for equipment to be mounted
directly onto an aircraft engine. The 500-Hz

The vibration test is conducted to deter- frequency limit has been retained because
mine that the equipment is constructed to the vast majority of measured data recorded
withstand expected dynamic vibrational at various equipment locations throughout
stresses and that performance degradations modem aircraft have indicated insignificant
or malfunctions will not be produced by the amplitudes at higher frequencies. The test
simulated service vibration environment, curve required for engine-mounted hardware
Vibration effects are difficult to anticipate extends to 2,000 Hz because significant
because of the problem in analyzing attenua- amplitudes have been recorded on some new
tion or amplification of applied loads, higher thrust engines within this extended
Anything that can conceivably shake or jar frequency range. The test curves for equip-
loose is suspect. ment to be installed on helicopters were
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basically unchanged from earlier specifica- is mounted or can result in air-induced
tions (MIL-T-5422). Data recorded aboard vibration that impinges directly on the
recently developed helicopters did not indi- surface of the equipment
cate a need for change (Ref. 33).

Analysis of acoustic noise fields reveals
6410 ACOUSTICAL NOISE frequencies of at least 3.000 Hz and

greater. For bulky test loads, the generation
The acoustical noise test is conducted to of these high frequencies often exceeds the

determine the effects on equipment 4f simulation capability of vibration shakers.
sound fields that are characteristic of The energy developed at these high fre-
aircraft. missiles, and other such producers quencies can have destructive effects on
of high sound levels. In general, equipments small or miniaturized devices containing
located in areas where noise levels are 130 components with high, natural frequencies
dB overall or less will not require testing in and low internal damping. Examples of such
noise environments. The acoustic noise test microphonic devices are electron tube ele-
is not intended to be a substitute for the ments, piezoelectric crystals, semiconductor
conventional sinusoidal or random vibration devices, and miniaturized relay parts.
test when specified in equipment specifica-
tions. A reverberation-type test chamber is Acoustic tests can be especially valuable
required-one that is suitably formed and in the higher frequency regions; i.e., above
proportioned to produce as closely as 500 Hz. When the test item is mounted
possible a diffuse sound field, the sound directly to a shaker table. energy will be
energy density of which Is very nearly introduced only through the test item
uniform throughout the enclosure-along mounting lus. It cannot be assured that the
with acoustical generation, reproduction. and high frequency input at the mounting lugs
measuring equipment suitable to accomplish will be transmitted without attenuation to
these tests. small parts within the test item that may be

susceptible to high frequency excitation. A
American National Standard S.i., high frequency sound source. on the other

Acoustical Terminology (Including mechani- hand. may impress the vibration field
cal shock and vibration) includes a compre- directly on the part.
hensive list of standard terminology per-
tinent to acoustical noise tests (Ref. 42). Equipments with properties %h.t 4re

insensitive to acoustical noise are those
Equipments that arm- sensitive to vibration having small surface areas. high mass-to-

are usually sensitive to sound field exposure. volume ratios and high internal damping.
For this mason, a suitable vibration test is Examnpls are:
often a good indicator of acoustic sensitiv-
ity. However, it is possible that high (I) High density modules, particularly the
frequency resonances of some responding solid or encapsulated types
equipment elements may be overlooked
during the vibration test due to the high (2) Modules or packages with solid-state
frequency limitation of the shaker and elements mounted on small, constrained, or
vibration attenuation of the test jig in the damped printed-circuit boards or matrices
equipment under test. Further, vibration
isolators can be used to protect equipment (3) Large muses-such as valves. hydrau-
from vibration transmitted through the lic servo controls, and auxiliary power unit
vehicle structure to the various equipments. pumps
An intense sound field, such as that
gencrated by jet and rocket engines, can (4) Equipments surrounded by heavy
excite the structures on which an equipment metallic castings, particularly those that are
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potted or encased within the casting by capable of producing the specified shocks
attenuating media. have evolved. Some of these machines are

great improvements over those previously
Equipments with sensitive properties are specified in military specifications.

those normally classified as being micro-
phonic and those having large compliant Another important departure from p,.-
areas of exposure, low mass-to-area ratios, vious specifications is in the specification of
and low internal damping. Examples are: certain characteristics of the measuring

system, including frequency response. This is

(I) Equipment with high frequency reso- an important advance in specifying shock
nPnces, such as electron tubes, waveguides, tests because it recognizes the important role
klystrons, piezoelectric components, and that instrumentation plays in shaping the
relays attached to thin plate surfaces recorded pulse. These requirements are

meant to provide a maximum fidelity record
(2) Equipment? containing or consisting of the shock motion. This eliminates past

of exposed diaphragmatic elements such as practice of shaping the output signal to
pressure-sensitive transducers, valves, resemble a half-sine wave with a low pass or
switches, relays, and flat. spiral antenna bandpass fliter. Another important departure
units (Ref. 32). from previous specifications is the Intro-

duction of the high intensity 100-ms terminal
peak, sawtooth shock test.

64.17 SHOCK
"6.18 SPACE SIMULATION

The shock test is conducted to determine
that structural integrity and performance of Space simulation tests are intended for
equipment are satisfactory with respect to the evaluation of space vehicle components,
the mechanical shock environment expected space vehicle subsystems, and complete
in handling, transportation, and service use. space vehicles, including installed equipment.

These tests are conducted to determine
The service and transportation environ- whether space vehicles such as satellites,

ment consists of a great variety of mechani- spacecraft, space stations, and associated
cal shocks, many of which can be severe equipment can withstand the deleterious
enough to damage equipment. Rough handl- effects of very low pressure, low tempera-
ing shocks caused by production ii.!e tures, and solar radiation. One of the major
handling, tu-mnsportation handling, warehouse problems encountered in space simulation is
handling, and handling by service and to ,provide in one facility all of the
maintenance personnel are a serious prob- environments to be encountered by space
lem. Rough landing and crash landing vehicles from launch to landing. Some
impacts in aircraft provide two different environments of space, such as weightless-
conditions to be safeguarded against. Staging ness and micrometeoroid hits will be ex-
shocks caused by explosive separation in tremely difficult, if not impossible, to obtain
space vehicles provide a wide range of input in an earth-bound laboratory.
shocks plus many other types of shocks.
MIL-STD-810 includes three major dcpar- Test Method S17.1 of MIL-STD-810 is the
turas from previous military specifications. only military standard intended for general
The most important departure was the usage to contain a tert procedure for some
removal of requirements for use of specific of the space environments. It is intended
shock machines. Instead of specifying the only for general guidance and for a means of
machine, a waveform is specified. As a focusing attention on the problems that
result, a lazre variety of shock machines should be considered.
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"66.19 SUMMARY piished through actual flight testing and
exposure at outdoor sites or in all-weather,

The environmental tests Included in climatic facilities. The environmental tests
presentistanda ts t idiscussed in standards and specifications are

present standards and specifications do not treated, for the most part, as individual
comprise all of the required testing of a stresses. With the exception of the tempera-
complete system to the gamut of terrestrial turc-altitude test and the low pressure, solar
and space environments. Tests involving energy test, procedures as now organized do
weather-e.g., wind, snow, hail, sleet, and not intentionally combine two or more
ightning-are not included in such standards environmental factors for the purpose of
and specifications. Such tests are accom- determining mutually debilitating effects.
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