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PREFACE

This handbook, Life Cycle Environments, is the fourth in a series on the
nature and effects of environmental phenomena. Environmental factors -
natutal and induced — are discussed individually in Parts Two and Three,
respectively. In this Part Four the real environment, to which materie! 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 (1) alert him
to the multiplicity of environmental effects that affect materiel in a given
Instance, and (2) provide him with sufficient information to identify (he
specific ertivironmental 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

¢. US Army Engineer Topographic Laboratories

d. US Army Natick Laboratories

o

. US Army Tank-Automotive Command
f. Atmospheric Sciences Laboratory, US Army Ele¢ctronics 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 reasons, The
US Army Materiel Command policy Is to release these Lingineering Design
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xvi

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:

8. 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 1

INTRODUCTION

This handbook presents information on the
environment to which Army wmateriel is
subjected during its life cycle. It is directed to
the materiel design engineer (1) to alert him
to the multiplicity of environmental effects
on materiel, and (2) to provide him with
sufficient information to identify specific
environmental etfects thut require more
extensive analysis, The emphasis in the
chapters that follow is on the totality of
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,
That the presentation is incomplete reflects
on the limited availability of information on
life vycle environments and on practical
limitations on the recovery of this informa-
tion from diverse sources,

This handbook is Part Four of the
Environmental Series of Engineering Design
Handbooks. Part One, Basic Environmental
Concepts, introduces the series, Parts Two
and Three provide extensive information on
environmental factors taken singly, and Part
Five provides u glossary. Although this series
is coordinated, each part muy be employed
separately. There is, therefore, a desirable
degree of overlap in the contents, although
the objective of each of the handhooks is
distinct from the others. For example, &
pervasive cnvironmental factor may be dis-
cussed for different purposes in a number of
chapters; ¢.g.. temperature is the subject of
one chapter in Part Two where it is treated as
a distinct factor and is treated in other
chapters in Parts Two and Three where its
inter; :;tiolis with other fuctors are brought
out.

1:1 ENVIRONMENT AND ENVIRONMEN-
TAL FACTORS

Environment s the totality of natural and
induced conditions occurring or encountered
at a given time or place including climatic,
edaphic, biotic, and topogruphic fuctors us
well as  the induced factors comprising
radiation of all types, mechanical stresses, and
airborne pollutunts. For this handbook series,
21 environmental factors are identified and
discussed. The natural environmental tuctors
are;

Terrain

Temperature

Humidity

Pressure

Solar Radiation

Rain

Solid Precipitation

Fog and Whiteout

Wind

Salt, Salt Fog, and Salt Water
Ozone

Macrobiologicul Organisms
Microbiological Organisms

The induced environmental fuctors are:

Atmospheric Pollutants
Sand and Dust

Vibration

Shock

Acceleration

Acoustics

Electromagnetic Radiation
Nuclear Radiation

For some purposes the term “environ-
ment” covers ull possible combinations of
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factors—it is a monolithic whole. By this
definition, any subdivision of the environ-
ment into segments is a violation of the
definition and is completely arbitrary, How-
ever, there are practical reasons for defining
specific environmerts or regions of the
environment characterized by the occurience
and severity of various combinations of
environmental factors. This permits logical
derivation of environmental concepts und
provides & means for discussing a complex,
multiparameter, muitivalue situation. Certain
combinations of environmental factors occur
with sufficient frequency to be useful in
categorizing environment without redefining
the occurrence and magnitude of environ-
mental factors euach timne. Finally, the use of a
broader definition is attractive because
categories of environment can be identified
(correlated) with specific events or stuges in
the life cycle of materiel,

The practice in this handbook series is to
allow identification of types of environments
or specific regions of the environment. It does
not, however, extend to the identification ot
an environment by one environmental factor:
.., terminology such as “‘the electromagnetic
radiation environment” is in contradiction to
the definition. The environment is the totality
of all factors at a given time or place and the
use of “tropical™ or “logistics’ se-ve only to
identify the time or place.

One useful way in which cenvironment s
classified is by climate-the occurrence of
particular combinations of natural environ-
mental factors and factor values in particular
geographic regions. Table (-1 demonstrates
the relationship among the various individual
environmental factors and the four major
climatic types: temperate, arctic, desert, and
tropical. It is importunt to note that a
classification system based on climate is not
related directly to effects on materiel,

The climatic environment in a particular
geographic location at a particular time is the
same for all materiel in that location
regardless of the status of the materiel, unless
it is modified by special meusures taken to
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protect the materiel. It turns out, however,
that the climatic environment experienced by
materiel in a given location at a given time
does, indeed, vary with status--not because
the climatic environment has changed, but
because the status of materiel is related to the
amount of protection provided the materiel.
As a result, it is possible to correlate 2xposure
to climatic factors with specific events or
phases in the life cycle of materiel, based on
the protective measures employed. A prime
example would Le the difference in materiel
exposure to ambient climatic factors resulting
from open storage versus dehumidified,
covered storage.

Three of the natural environmental fac-
tors.- terrain, macrobiological organisms, and
microbiological organisias--are not primarily
tunctions of climate, although the severity of
effects produced by the three factors is
influenced greatly by climatic factors, Gen-
erally, the severity of the effects of these
three factors must be assessed for each
climatic type independently.,

The induced environmentul factors are
mixed in their relationship to natural and
climatic factors—some are strongly related to
certain natural factors in their effects on
materiel and some are virtually independent
of all other environmental factors, natural or
induced. It is .nstructive to consider the
relative independence of the induced factors
separately.

Atmospheric  pollutants  interuct  with
humidity, rain. solar radiation, salt, sult fog,
salt water, and ozone (u pollutant itseli at
times) to accelerate corrosion und other
deteriorative processes, Induced sand and dust
are caused primarlly by vehicular movement,
Yet, if rain or even high humidity is present,
the likelihood of sand and dust being
generated by vehicle traverse is nearly zero.
Terrain also is reluted since, if sand and dust
are not present on the surface of the terrain
(hard rock surfaces), no reasonable amount of
vehicle traffic will induce sand and dust
problems.
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TABLE 11,
RELATIONSHIP OF ENVIRONMENTAL FACTORS TO CLIMATE
Factor Temperate Arctic Desert Tropical
Terrain ++4 4 ++4 ++
Low temperature + +4++ 0 0
High temperature + 0 ++4 ++
Low humidity 0 + 0
High humidity ++ + 0 ++4
Pressure 0 0 0 +
Solar radiation + ++ 44 ++
Rain ++ + + ++
Fog ++ ++ 0 0
Solid precipitation ++ ++ 0 0
Whiteout and ice fog 0 ++ 0 0
Salt, salt fog, salt water + + + ++
Wind + -+ + +
Ozone * * * v
Macrobiological organisms + 0 0 +
Microbiological organisms + 0 0 +++
Atmospheric pollutants * * * *
Sand & dust + 0 b +
Shock * * * *
Vibration * * * *
Acceleration * * * *
Acoustics * * * »
Electromagnetic radiation * * * *
Nuclear radiation " w * *

+++ Key factor
++ Important factor
+ Active factor
0 Unimportant or absent factor

* Little or no climatic relationship

Shock, vibration, and acceleration forces
are applied to most materiel, primarily during
transportation and handling. The shock and
vibration of materiel during surface transit is
related directly to the surface characteristics
of the terrain traversed, Some matericl such as

vehicles and weapons are subject to shock and
vibration during normal use. Acceleration is
rather unigue in that highly unusual circum-
stances are required beforc accelerations of
magnitude sufficient to have an effect on
materiel occur. The occurrence of significant
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acceleration magnitudes lies so far outside the
normal environment of military materiel
(with the possible exception of rockets and
projectiles) that it is rare. Because of the
infrequent occurrence of this factor in
significant magnitudes in the normal life cycle
of materiel, it will not be discussed further in
this volume.

The induced radiation factors are almost
independent of other envirorimental factors.
Electromagnetic radiation produces two cf-
fects on materiel: (1) RF heating whose
effects are additive to those produced by
temperature and solar radiation, and (2)
clectromagnetic interference, which is essen-
tially independent (except for terrain block-
ing effects) of other factors. It also should be
noted that electromagneatic interference ef-
fecis are rather specific affecting only
specialized types of materiel (primuily
electronic equipment and then mostly equip-
ment that radiates or receives electromagnetic
energy ). Acoustics is a similar factor. Noise, as
normally encountered, primarily affects per-
sonnel and can be neglected for most
discussions of materiel, although it can be
technically sigrificant in materiel design when
silence is necessary or useful for concealment
purposes, or when the noise frequency and
intensity is injurious to personnel.

Nuclear radiation is a very low probability
event, requiring nuclear war or an accidental
nuclear explosion. Should such a nuclear
event occur, however, the effects produced on
materiel nearby are o overwhclming that all
other cnvironmental factors pale into insignif-
icance,

In this volume certain specific environ-
mental factors will not be discussed. Those
omitted were selected by using two criteria:

(1) If a factor is virtually independent of
all other factors, it will not be discussed
because its effects already have been covered
fully in the single-factor discussions of Parts
Two and Three.

(2) If occurrence of a factor is considered

1-4

to be a low probability event in the materiel
life cycle, it is not discussed.

The factors thus exempted from discussion
herein are acceleration, acoustics, electro-
magnetic radiation, and nuclear radiation. A
number of other factors are discussed in little
detail because their interrelationships are
rather simple, so that the single-factor
discussions are adequate approximations to
their overall effects. In life cycle discussions
herein, primary emphasis s given to those
complexes of interrelated and simultaneously
occurring factors that produce signiticant
effects on materiel. The probability of
simultaneous occuirence of natural factors is
delineated clearly when these natural factors
are categorized by climate. Because of the
existence of this correlation, climatic types
form the foundation for discussion of natural
climatic factors in the life cycle environment.
Discussion of nonclimatic factors in life cycle
environments is integrated within this struc-
ture.

1-2 MATERIEL

Materiel is defined as all items necessary for
the equipment, maintenance, operation, and
support of military activities without distinc-
tion as to their application. While this
handbook Is concerned with all materiel, it
places emphasis on those classes of materiel
that (1) constitute more of a problem because
of (heir susceptibility to environmental
effects, (2) are critical to military activities, or
(3) are of high value. For example, little
emphasis is placed on fuel in the logistic
environment because of the few adverse
effects to consider but much emphasis is
placed on personnel equipment items and
vehicles in the operations environment be-
cause of the important effects of environment
on these items and because of their critical
roles.

The interaction of materiel with environ-
ment is characterized in a variety of ways.
One indication of the interaction level of
various classes of inateriel and some opera-
tions is given in Table 1-2. These data are
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TABLE 1-2,
INTERACTION OF ENVIRONMENT WITH MATERIEL AND OPERATIONS (Ref. 2)
Food | adica) Mreratt m'- Comstruc
et o ragm:m‘ ettt | wnttiom fats fenice b fpe | tlon
ing | wing
. 4
Envt ta) 1 ;! s : r g
nvirormenta) factor . - =
V0B el | L LR 1y[3
~ i - ‘ = e n ‘5 3 3
¥ i ih 1 (8 LI
JHelslaleleigler Rl (5] (¥ MEAEIHEHD
| NN ORI AN EH PR I olal:
i 02 Rl g B
; .-—Ei 2 !EE—- 5§ uﬂlu—u = | 8= ::3}3
Climate
)u'n and wpuifis) phenwebng, ? » IRLERRA IRARIALIRERARLAL 1
Shimmar i '..'\""'
foy [ LU TP VITI VT 2]
Cloud cover ahd bate HAtILAL LAKELALABL ]
Blowing sand and dust 1 L] 1 thifiphmn pRriaei el DY i1 ]2
Pracipl tation 1 W [ty p iy jejaqeivjapefe(alapa (Y[ [v]v]) ]2 | ] ]2
Moon and tter intemsity 1 1{1[e12 TP ey V]2
Tewparature cmaninm and range AUV ERRIRK JDEENINEEREDK [RCAWIRD
Humidity _— 1 HEEREERE _\___ HE K "F 1]
Wind direction and tluctuations \ 1 HRRIK [ 2| 2 plepvpyp v jijege 112
Satar radistion . 1 HEDER KR KL DEREERLEBK 2
Tvaporation rate o 1 LR T HRRKE ]
Atmospheric pressice 2 2 2 22 101 1| 2
_I_trntn
Landfsrme and fuatures 1 HEEK BOEEEESRG0GE
T avation R HEEBREEE HIG BEAEARREBSARAGED
Relief ? 1] H (Dl vl h by 2
Slope 2 22 e 2t 1 [ Vv tagep l2l2]t j2
Surface matarisly ¢ I DB [HIRRE 22 L1
Hydro! 2 2] 2 1 2 2l Y2 11 h 1 1
Vegetation
Yegetation cotor ? 1 il )}
Perenniale, ansuals 2 2] 2 ? [k} 210 |2 ? |22 2]
Trunk Late iz ? 22 af af 2| 21 2] 22 1y e e ] A
Shallow rooted-desp ruoted [ 1]V { \
Blants ond plant comunities 2 2 2 2] 2| 2] ejalel2f 2 212 I? 21212 |2 1
Animal 11fe \ 2 i F] 2 |2

Legand:  Envirormenta’ factor exerts pronounced (1), moderate (2}, or no notable (blank) infivance.

*Bated on conventui (subjective) of study tesm

subjective; l.e., they are based on the
consensus of a knowledgeable study team,

1-3 PHASES OF THE LIFE CYCLE

Life cycle as applied herein to materiel has
a somewhat difforent meaning from that
applied to systems. A system life cycle can be
divided into five phases: (1) concept formula-
tion, (2) contract definition, (3) development,
(4) production, and (5) operation (Ref. 1).
This is an inclusive definition encompassing
every step in the development of military

systems from concept to final operating unit.
This definition is not suitable for discussing
the life cycle environment of Army materiel.
Although information on the environment to
which materiel is exposed is important in the
materiel design and development process, the
actual life of a given item of materiel begins
when it is procured by the military. For most
manufactured items, the life of the materiel
begins with delivery from the supplier and
extends to the point of expenditure or
disposal. It is within this context that the
term ‘“life cycle" is employed in this
handbook. Life cycle refers to the totality oi
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events experienced by materiel from the point
of procurement until its final disposition.

Materiel procured by the Army is procured
for use, regardless of whether that use consists
of (1) a single occurrence in which the
materiel is expended or destroyed, or (2)
repetitive uses over a relatively long period of
time. Generally, Army materiel Is not
acquired at the geographic location at which
it is used, it is transported from the point of
procurement to the point of use. Most
matetiel is procured sometime prior to its use
and consequently must be stored unti!
needed.,

The materiel life cycle--extending from
procurement to expenditure or disposal—
consists of two phases: (1) the transportation
and storage necessary to give pluce and time
utility to materiel, and (2) operuational use of
the materiel. These two phases can be defined
as being the logistic and the operational
phases of the materiel life cycle. The
environment experienced by materiel in these
two phases of the life cycle are sufticiently
different to be uniquely characterized as the
logistic  environment und the operations
environment,

1-3.1 LOGISTIC PHASE

The Dictionary of Military and Assoctated
Terms defines logistics as the science of
planning and carrying out the movement and
maintenance of forces (Ref. 3). In its most
comprehensive  sense, it comprises those
aspects of military operations that deal with
design, development, procurement, storage,
movement, distribution, mulntenance, evacua-
tion, and disposition of materiel, In this
handbook, logistics has a4 narrower usage.
First, the design and development stages are
not included since the environments of these
activities do not affect procured materiel,
Second, maintenance, evacuation, and disposl-
tion of materiel are not included since the
environment in these portions of the logistic
cycle have little importance—if it is to be
reused, the materiel will first be refurbished.

1-6
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Within these constraints, the jogistic cycle
begins at the point of procurement and
extends until issue of materiel to operating
personael,

The logistic cycle as illustruted in Fig. 1-1
consists of procurement packaging trunsport,
storage, and issue. Within this cycle it is
apparent that handling is an important part of
the logistic environment because of its
repetitive nature und severe stresses (primarily
mechdnical shovk and vibration), In the
diagram, the storage-transport loop illustrates
the repetitive pattern of storage, handling,
and trunsport of materiel in the logistic cycle.
For example, materiel may be transported
from the point of procurement to a
warehouse within the continental United
States and stored for a period of time, It may
then be transported to an overseas base and
again stored for an additional period of time.
Finally, it may be transported to u lower
echelon and stored again, with issue to the
operating unit oceurring after a number of
such cycles,

1:3.2 OPERATIONS PHASE

The operutions environment is defined In
the Dictionary of Military and Assoclated
Terms us a composite of the conditions,
circumstances, and influences that affect the
employment of military forces and bear on
the decisions of the commander (Ref. 3). The
operational phase of' the muteriel life cycle is
defined in this handbook to meun those
conditions. circumstances, and influences that
affect materiel during the period of time from
issue to a user organization until expenditure
or disposul.

Once materiel has been issued to the using
unit, it is in the operational environment. Fig.
1-2 illustrates the myjor events that occur in
the operational cycle. Most materiel is not
used immediately upon issue but ruther must
await the proper circumstance before its use,
Materiel in the hands of the user, but not in
use, is in operational storage. After opera-
tional storage, materiel is transported to the
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Repatitive cycle for various
types of storage and various
geographic areas of storage

Issue (with or without packaging)

Figure 1-1. Logistic Cycle .

point of use and finally used for the purpose

for which it was designed. If materiel is
reusable or reparable after use, it may be
transported to a depot for repair and
servicing, after which it reenters the logistic
system for reuse. .These cycles, outlined in
Fig. 1-2, have some variation as indicaced by
the multiple loops. When equipment or
materiel has reached the point that mainte-
nance and repair are no longer profitable, the
materiel is transported for disposal. The cycle
outlined in Fig. 1-2 is applicable to major
maintenance only; much minor repair and
maintenance is done by the wuser. The

generalized description of the operational -

phase varies greatly among the different types
of matericl.

The operational use of materiel provides
the most important encounter with the

gnvironment. To this point in the life cycle,
emphasis is on maintaining the materiel in
something close to its original condition. In
operational use, materiel is not protected.. If
the materiel is expendable, it must function
while being used-ammunition, fuel, and
rations must perform their intended functions
regardless of climate or other environmental
factors, Nonexpendable materiel—vehicles,
shelters, weapons, tools, electronics, and
utilities—must continue to function, often
oith wide variations in environmental fuctor
value, Often, the maximum stress is caused by
an extreme environmental condition. For
example, typical extreme stresses on vehicles
are encountered in mud, snow, or rver
crossings; for shelters, extreme temperatures,
wind, and precipitation constitute extreme
operational stresses. The effects of the
operational environment often constitute the

' 1-7
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1-4 ENVIRONMENTAL EFFECTS IN THE
Igsue L'FE CYCLE
Huaving defined the logistic und operational
1 phuses of the materiel life cycle in the

preceding  paragraph, it is apparent that
storage and transport are important in both.
To illustrate relationships between transport
modes and environment, Table 1-3 presents a
comparison of the four mujor modes of

Operational storage

. | transport: truck, rail, ship, and air. In this

Transport table, the environmiental exposures that oceur

for open and closed transport ure described,

. .- l and the eavironmental factors that produce

¥ | the more slgnificant effects within  each
. : Use environmental exposure are listed.

. J Tuble 1-4 lists the relationships between

| typus  of storuge and the environment

experienced by materiel. Three representative
types of storage are used to illustrate the
range of environmental exposure which can

Trangport |re—sem——i

i oceur to materiel in storage. As ia Tuble 1-3 )
the environment Is described along with the b
[~——» Maintenance j———p» most significant environmental tuctors, :
) el Transport . Issue
f' L‘—H Digposal
\ Operational

Figure 1-2. Operational Cycle gtorage |
{Reusable Items)

major reason for materiel failure, thereby
determining the length of the operational
phase of the life cycle.

- ‘'ransport P

The operational cycle for expendable iteras
| is considerably less complex as shown in Fig.
4 1-3. In this case, materiel that is issued to the

using unit is placed in operational storage and Use

transported to the location where its use is ,‘
¢ required. OF course, for expendable items, Figure 1-3. Qperational Cycle .‘
y this use terminates the tife cycle of the item. (Expendable (tems)

1-8
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