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PREFACE z

%ﬁ

This handbook, Basic Environmental Concepts, is the first in a series on F’

the nature and effects of the environmental raenomena. ‘5

Part One introduces the importance of the environment; i.e., its effects, &

the factors of the environment, the complex combinations of the environ- 3

ment that  occur, quantitative eaviroamental concepts, and the testing of 3

materiel and simutation of the environment. The categorization of materiel ;

as it exists and relates to environmental effects also is discussed. %

Part One introduces in a general and qualitative manner those factors that
are to be treated quantitatively in the succeeding volumes. The revision

augments the treatment of those factors and climates, which are 2
combination of the factors that were discussed only briefly in the original

handbook. The chapter on materiel categorization also is added by the
revision.

The majority of the handbook content was obtained from various
individual contributors, rcports, and other publications. Accordingly, it is
impractical to acknowiedge the assistance cf each individual or even each H
organization which has contributed materially to the preparation of this
volume. Appreciation is extended, however, in a general way io the
following US Army Materiel Command organizations and through them to
the individuals concerned: Frankford Arsenal, Waterways Experiment
Station, Anny Tank-Automotive Command, Cold Regions Research and E
Engineering Laboratories, Electronics Command, Harry Diamond Labora-
tories, Natick Laboratories, Picarinny Arsenal, and Test and Evaluation
Command.

SR S8 e At HLRSRHEAY 8 ek RIOUDE L S LAY 1,

ORI TY T

The original Part One was prepared by the Southwest Rescarch Institute;
the revision was prepared by the Research Triangle Institute, Research
Triangle Park, NC—for the Engineering Handbook Office of Duke University,
prime contractor to the US Aimy Materie! Command-—-under the general
direction of Dr. Robert M. Burger. Technical guidance and coordination
were provided by a committec under the direction of Mr. Richard C.
Navarin, Hq, US Army Materiel Command.
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The Engineering D2xign Handbooks fall into two basic categories, those
approved for r2lease and sale, and those classified for security reasons. The
US Army Materiel Command policy is to release these Engineering Design
Handbooks to other DOD actlivities and their contractors and other
Government agencies in accordance with current Army Regulation 70-31,
dated 9 Scptember 1966. It will be noted that the majority of these ;
Handbooks can be obtained from the National Technical Information K
Service (NTIS). Procedures for acquiring these Handbooks follow:

e

4

p
i
]
3
H
2
3
gﬁ

CERGATE S Ry ek, S 2




e = e yeibess oML et Pl Drysbe, St VSRR Su sl

. o~

AMCP 706-115

a. Activities within AM<T, DD agencies, and Government agencies other
than DOL having need for the Handbooks should direct their request on an
ofticizal ferm to:

Commander

{etterkenny Army Depot
ATTN: AMXLE-ATD
“hambersburg, PA 17261

b. Contra<icrs and universities must forward their requests to:
National Technical Information Service
Department of Commerce

Springfield, VA 22151

(Requests for classified documents must be sent, with appropriate *“Need to
Know” justification, to Letterkenny Army Depot.)
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Comments and suggestions on this Handbook are welcome and should be
addressed to:

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

MILT A

(DA Forms 2028, Recommended Changes to Publications ‘ai'&gigllaa{]r‘é Forms,

available through normal publications supply channels, may’ be used for
comments/suggestions.)
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CHAF =R 1

THE ENVIRONMENT FACED BY THE MILITARY

1-1 INTRODUCTION

This handbook—the first of the Erviron-
mental Series of Engineering Design Hand-
books~is zu introduction to the environment
faced by the military. Emphasis is on informa-
tion that relates to environmenta! ¢ifects on
materiel or materiel requirements. The ob-
jectives are to describe the characteristics of
the environment, to set forth the situations in
which such environmental conditions are en-
countered, and to identify the adverse effects
of the environment on materiel.

In this introductory part of the Environ-
mental Series of Engineering Design Hand-
books, the importance of the environment is
discussed and the 21 natural and induced
environmental factors ihat produce significant
effects on military materiel are identified and
individually described. In addition, the nature
of the real environment in which various
combinations of factors act in concert is
discussed. Quantitative concepts relative to
the environment, simulation of the environ-
ment and materiel testing, and materiel cate-
gorization are also included in this introduc-
tory part.

1-2 THE ENVIRONMENT DEFINED

Environment is defined in MIL-STD-1165
(Ref. 1) as “the totality of natural and
induced conditions occurring or encountered
at any one time and places An
alternative definition states that environment
is the complex of climatic, edaphic, biotic,
and topographic factors that describes a given
place.

The description of the environment is
tailored for particular considerations. Thus,

e ST o i,

one may view the environment as having (n +
4) parameters where the three spatial coordi-
nates and time comprise four of these para-
meters, plus n (n = 2] in this handbook series)
factors that comprise the climatic, edaphic,
oiotic, and topographic description. If, how-
ever, one i3 interested in a particular materiel
type, many of the environmental faciors are
of little importance and a more limited set
will comprise a sufficient description.

One environment at one location has differ-
ent factor values than that at another location
and, for a given jocation, the description of
the environment at a given time ic different
from that at another time. In different
environments, the environmental factors vary
in importance. For example, solid precipitants
comprise an important factor in Alaska, but
this factor is absent in the Panama Canal
Zone. In similar fashion, rain is an important
factor in the outdoor environment in the
temperate zone but is unimportant inside a
warchouse. The intericr of the warehouse,
however, is an important region of the envi-
ronment for military materiei. An attempt is
made in Chap. 2 to identify those environ-
mental factors that are important for specific
regions of the environment.

In addition to obtaining an accuraie defini-
tion of environment, it is important to under-
stand the meaning of terminology that in-
cluder the word “environmenta!” as an adjec-
tive. Thbus, environmental control implies
modifying the effects of certain environment-
al factors to reduce stresses on matceriel or
personnel. Environmental design criteria are
environmental factors repiesenting a given
degrec of stress severity with regard to equip-
ment, and environmental enginecring is that
branch of engineering concerned with the

1-1
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control of environmental factors and the
desigr of materiel to function adequately
under various environmental conditiuns. En-
vironmental protection is provided to people
or cquipment and evaluated performance will
be obtained under various environmental op-
erating conditicas.

1-3 ENVIRONMENTAL FACTORS

The components or descriptors of the
environment are termed “environmcntal fac-
tois”. Tuble 1-1 lists the 21 envirom.ental
factors that are discussed in the Environmen-
tal Series of Engineering Design Handbooks.
These factors are believed to provide a com-
plete description of the environment for the
use of design engineers. Additional factors
could have been included. or some of tne
factors that are included could have been
either subdivided into severa factors or com-
bined with other factors to provide a more
comprehensive factor. For example, terrain is
included as a factor but could have been
readily divided into hydrography, topog-
raphy, and soiis. Sand and dust could have
been combined with atmospheric pollutants;
vibration, shock, and acceleration could have
been made a single factor; and other modifica-
tions are equallv possible. Consideration of

environmental effects on materiel and mili-
tary operations resulted in the list given in
Table 1-1 as being deemed most appropriate.

Most environmental factors are neither
static nor universal. The occurrence or ab-
sence of environmental factors, or ranges of
factor characteristics normally arc used a5 a
basis for defining terrestrial regions such as
arctic, trepic, or temperate. The wet tropics,
for ecxample, are characterized by heavy rain-
fall, high atmospheric humidity levels, meder-
alely high ambient temperatures, abundant
vegetation, and a large population of both
micro- and macrobiological organisms. The
wet tropics, however, are void of sand or dust,
solid precipitants, and fog. In particuiar, ali of
the cnvironmental factors characterized as
induced factors are produced primarily by
man’s activities. In all cases, caution must be

1-2

employed in the assignment of specific
environmental factors to a given area, since
these may change radically with seasons of
the year or with climatic conditions. It is well
known that some region: of the earth pre-
viously covered with veg'gation are now
almost desert in character, ¥ rainfall pat-
terns are continuing to change, algg that man’s

activities scmetimes have large efie®ys on local
environmental factors. ®

1-4 CLASSIFICATION SYSTEMS

Classification of the different tvpes of
eavironment is useful since uniqu-, sets of
factors are associated with various places,
conditions, or functions. Fe. example, the
“operational environment” : nd the “logistics
environment’ are important ‘unctional classi-
fications that are empioyet to categorize
those environmental condit-ons associated
with military operations or v/ith the logistic
system. In similar fashion, one may use
“warehouse ernvironment™ t-; categorize en-
vironmental conditions found within ware-
houses; other examples are “laboratory envi-
ronment”, ‘“aircraft environment”, ‘“‘open-

storage environment’', or *“battiefield environ-
ment”.

Important classification systems ave associ-
ated with terrain and are employed in topo-
graphic mapping. Descriptors such as moun-
tains, plains, marshlands, and rivers have
definite and important meanings. A system
for more precise classification of topographic
features is described in Chap. 2, Part Two, as
are various classification systems for soils.

Probably the most important classification
systems are those associated with climate.
While a variety of climatic classification sys-
tems exist, the one defined in AR 70-38 is
applicable to Army materiel considerations
(Ref. 2). Eight climatic categories are grouped
into four types of climate as given in Table
1-2. The ranges of cnvironmental factors
associated with cach of these climatic cate-
gories is given in Table i-3; their geographic
extent is given in the map of Fig. 1-1 and
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A MAJOR ENVIRONMENTAL FACTORS i
E
f Type Class Factor §
: :
5 ;
k Natural Terrain* Topography /
§ Hydrology 1
3 Soils %
E Vegetation 7
E Climatic Temperature g
Humidity
3 Pressure :
X Solar radiation %
E Rain 7

Solid precipitants 3
Fog 3
: Wind 3
E Salt
Czone
;
F Biological Macrobiological organisms
é Microbiological organisms
&
E Induced Atrborne Sand and dust
E Pollutants
3 Mechanical Vibration
Shock
Acceleration
\ ergy Acoustics
Q\k Electromagnetic radiation
v Nuclear radiation
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TABLE 1-2
CLIMATIC CLASSIFICATION SYSTEM

Climatic type Climatic category
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1. Wet-warm 2
3 A. Hot-wet .........c.c.o.e.... $2. Het-hot 3
; 3. Humid-hot coastal desert ;
: B. HOt-dry .......coeoeeeeree.. 4. Hotedry
. 5. Intermediate hot-dry 3

C. Intermediate .........cce0.. {6. Intermediate cold

7. Cold
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TABLE 1-3

SUMMARY OF TEMPERATURE, SOLAR RADIATION, AND RELATIVE RUMIDITY
DIURNAL EXTREMES {Rdf. 2)

Operational conditions

Storage and transit conditions

Climatic
category Ambient air Solar ré?:i?:: Induced &ir ré?gggsg
temperature, radiation, humidit temperature, humidit
of Btu/ft2/hr umIeI Ly, °F umigtys
‘ percent percent
1 Nearly Nearly
Wet-warm constant Negligible 85 to 100 constant 95 to 100
75 80
et ot 78 to 95 0 to 360 74 to 100 90 to 160 10 to 85
3
Humid-hot N .
coastal 85 to 100 0 to 360 62 to 90 90 to 160 10 to 85
desert
4 . ~
Hot-cry 20 to 125 0 to 360 5 to <20 90 to 160 2 to 50
5
Inter-
mediate 70 to 110 C to 360 20 to 85 70 to 145 5 to 50
hot-dry
6
Inter- Tending Tending
mediate -5 to -25 Negligible toward -10 to -30 toward
cold saturation saturation
7 Tending Tending
-35 to -50 Negligible toward -35 to -50 toward
Cold saturation saturation
8 Tending Tending
Extrene -60 to -70 Negligible toward -60 to -70 toward
cold saturation saturation
1-6
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additional details concerning each climatic
category are given in AR 70-38.

Terminology such as shock and vibration
environment, temperature environment, or
nuclear radiation environment often is used in
the literature. This usage is misleading--shock
and vibration are important in some environ-

AMCP 706-115

ments and unimportant in others; the temper-
ature range of a given environment always can
be given special consideration; and a signifi-
cant level of radiation can be used to distin-
guish certain cnvironment: from others. To
avoid ambiguity, however, it is best not to
classify envirunments on the basis of single
environmental factors.
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CHAPTER 2

IMPCRTANCE OF EMVIRONMENT

2-1 INTRODUCTION

The importance of environment to materiel
may be categorized as follows:

(1} Environmental effects result in perfor-
mance deterioration, thereby creating a main-
tenance burden.

(2) Environmental effects shorten the use-
ful life of man, materiel itzms, thereby
affecting the procarement and logistic func-
tions.

(3) Environmental :.fects create a require-
ment for many specialized matericl items in
order to insure operational capabilfities.

(4) Environmental effects place demands
on mcteriel performance 2t =voatly increase
the costs of development and production of
ail materiel subject to Military Specifications.

(5 Environ—ental effects on materiel
sometimes have major impact on the success
or fajlure of military operations.

The impertance of environmeni is estab-
lished by the large magnitude of these mainte-
nance, procurement and logistic, operational,
and performance burdens. This chapter pro-
vides information on these environmentally
imposed burdens in order to substantiate the
pervasive importance of environment in all
materiel considerations. It also secks to iden-
tify those factors of most concern in the more
important regions of the environment.

In discussing the importance of enviton-

ment to smateriel, it is essential to recognize
that both effects of environmernt on materiel

et Lt SRR TI b pt 2 g o

e e gacrn : S L

and requirements for materici resulting from
environment are important; e.g., it is equally
as important {or the design engineer to know
that airborne sand can rapidly destioy a truck
engine as it is to know that operaticns in
regions vhere blowing sand is common re-
quire the placement of additional filters on
engine-air intakes. Solutions to problems as-
sociated with vehicular mobilitv on snow
cover may be better solved by use of special
vehicles than by design changes in convention-
al transport. Examples such as these are found
throughout the discussion of environmental
factors in subsequent parts of this Environ-
mental Series.

Material detericration assumes a vzriety of
forms, depending on the particular item of
materiel being considered. That sucl: deterio-
ration occurs is neither surprising nor without
benefits. In fact, manmade materials that are
not biodegradatse have generated consider-
ablc concern since, after their useful purpose
has been rcalized, they become problems in
the waste stream. Deterioration 1s just a form
of natural change that is more obvious in
those material forms that man has created.
Given sufficient time, nature would restore all
manmade materials to their natural forms.

Maintenance is the effort to counteract the
effects of materiel deterioration, whether the
deterioration is induced by environmental
factors or results from normal wear during
us¢. It takes the form of cleaning, parts
replacement, repainting, lubrication, perfor-
mance testing, and similar functions. Mainte-
nance required by environmental effects .s
costly and every cffort is made to design
matericl that is impervious to environmental
effects.
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In this discussion we are concerned with
those forces associated with environmental
factors that tend to degrade the useful func-
tion that man has built into materials and
structures.

2-2 PERFORMANCE DETERIORATION
AND REQUIREL MAINTENANCE

In crder to gain perspective on the impor-
tance of cnvironment, it is useful to examine
the spectrum of envirommnental effects that
result in materiel deterioration. In the para-
giaphs that follow, this is accomplished by
giving examples of deteriorative effects. The
list of examples is not exhaustive; additional
examples are given in subsequent parts of this
Environmental Series of Engineering Design
Handbooks. The examples given, however, are

sufficient to indicate the importance of such
effects.

2-2.1 EFFECTS ON SURFACE FINISHES

A majority of the materials used in struc-
tures, mechanisms, and devices are chosen for
useful functions, not necessarily for their
stability in the natural environment. For this
1eason a majority of these materials arc
{fumished with a surface protective coating of
some type. It may be a plating on metal,
paint, or a chemical treatment of the surface.
In the complete spsctrum of ¢nvironmental
factors, these surface finishes deteriorate with
time. Sometimes the deterioratior process is
more rapid than at other times. Experience of
the Army with the deterioration of surface
finishes covers many areas. It has been noted,
for example, that trucks received in specific
operational areas during World War 11 often
required painting upon arrival before being
put into service. This resulted from the severe
stress of the tropical environment on the then
available surface finishes.

Surface finishes may be dcteriorated by
temperature, humidity, solar radiation, rain,
solid precipitants, fog, wind. sait, ozone,
macrobiological organisms, microbiological
organisms (microbes), pollutants, and sand.

2-2
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Often, these factors act in synergism, or one
of them is supportive of the action of
another. Microbes, for example, are inactive
without sufficient humidity and a sufficiently
high temperature. Sand requires wind to
damage a surface. It has been noted that a
sandstorm can strip the paint from a vehicle
and thus expose the bare metal to corrosion.
Humidity, rain, solid peecipitants, and fog are
very similar in their effec:s, Often the specific
deteriorative factor cannot be identified, but
a combined effect of several factors with
unknown relative impacts is assumed. Too
often, surface deterioration results from dam-
age that compromises the protective coating
and allows corrosion. rot, or abrasion to start.

2-2.2 EROSION

Erosion is employed here to describe gross
removal of materiel from a structure. This
occurs. for example, when windblown sand
actually cuts away wood from telephone
poles, often reducing their diameter by 50
percent in less than 1 yr. Erosion is produced
by natural forces such as windblown sand,
water, or the action of wind by iwself. its
primary effects in military operations are the
erosicn of roadways and other topologicai
features by water, erosion of exposed surfaces
by blowing sand and dust, and the induced
crosion of sand. Another commonly obsexved
example of ercsion is that of pilings in
saltwater that are so weakened by molluscan
borers that the wood is carried away by the
wave action.

2-2.3 ROT AND DECAY

Rot and decay are nroducts of dete; iorative
processes associated primarily with microbes.
Common evidences +t such processes include
the sooiling of foodstuffs, loss of strength in
wood and other cellulosic materials, and the
weakening and disintegration of textile pro-
ducts. A large proportion of the consumables
used by socicty eventually dre subjected to
conditions wherein rot and decay are encour-
aged. The final result is the eventual mineral-
ization and disposal of the product.
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Rof and decay are useful processes con-
tribuiling much to the economy as well as to
the esthetics of modem life. The problem
with respect to military materiel is to recog-
nize thoses materials that are subject to this
environmenta! factor and to provide tech-
niques for avoiding deterioration during the
useful life of the materiel item. This is
accomplished with protective barriers, chemi-
cal treatment, dehumidification, and cold
slorage.

2-2.4 CORROSION

Corzosion is a form of deterioration that is
associated primarily with metals. It is an
extremely important form of deterioration
and is influenced by a variety of envircnment-
al factors. For example, a type of corrosion
closely associated with vibration and shock is
known as stress-corrosion, which is very im-
portant in vehicles as well as other meial
structures. It resuits from the combined effect
of strain on the metal and subsequent corro-
sion induced at the strain peint through
microscopic cracks. The rusty nail, however,
is the most common evidence of the corrosicn
processes that are most evident in areas where
atmospheric salt or poliutants support the
corrosion processes. Although the corrosion
of metals is one of the most costly and
prevalent material deterioration processes, it
can be avoided by adequate surface protec-
tion and good practices.

2-2,5 ELECTRICAL PROPERTIES

Environmental effects on electrical and
electronic components are related primarily
to temperature and humidity, aithough other
factors produce less important effects. Clas-
sifications of electrical failures include insula-
tion breakdown, nonconducting switch con-
tacts, changing resistance values, physically
broken components, and the change in param-
eters of active devices such as tubes and
transistors. Dirt and other atmcspheric con-
taminants contribute to problems with switch
contacts and the deterioration of insulation.
Heat, however, is e most important deterio-
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rative factor for electrical propertics, causing
reduced tube or transistor life, breal:down of
insulation, and other similar processes. Shock
and vibration, acting 1n synergism with tempe-
rature, result in most physical breakage. Ex-
amples of this include broken wires, cracked
insulators, and malfunctioning electromechan-
ical mechanisms.

Much effort is expended in the design of
electrical and electronic apparatus to provide
protecticn from environmental effects. This
includes provision for cooling and dehumidifi-
cation, shicck mounts, derating of compo-
nents, filtering of cooling air, and extensive
use of protective coatings.

2-3 REDUCTION IN USEFUL LIFE

A large quantity of military materiel is lost
tirough the effect of environmental factors
without ever being used because of the
conditions under which it is transportec and
stored. An even larger quantity of materiel
has a reduced useful life because of environ-
mental effects. This is most obvious in opera-
tional situations where materiel is more ex-
posed to environmental stresses. Rust. mil-
dew, and rot are common effects that cause
various items to be discarded. Rubber hoses
attacked by ozone, wood damaged by ter-
mites, pilings eroded by marine borers, tex-
tiles damaged by moths, aircraft antennas
corroded by salt, and vehicle brake linings
prematurcly worn by sand are other exam-
ples.

Many forms of attack by environmental
factors can be alleviated or obviated by
proper desigh and procurement. Much pro-
gress has been made in preventing the com-
mon forms of deterioration. The effects of
shock and vibration during off-the-road opera-
tion of vehicles, the peculiar problems of
oversno'w transport, the severe corrosion and
microbiological attack of the wet-tropics, and
the erosion of blowing sand and dust, how-
ever, are examples of environmental stresses
for which complete protection is too costly.
The military accepts, then, the resultant

2-3
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deterioration and pays the cost in reduced
veeful life of materiel until more cost-
effective protective measures are found.

Much environmental damage 1s triggered by
misuse and other types of damage. Corrosion
may start with a scratch in a painted surface;
rot may follow damaged packaging; erosion of
roads follows inadequate maintenance; and
termite damage may result from poor con-
struction practices. If the designer usss the
best materials and provides the known protec-
tive measures, and if tr> materiel is used
properly and carefully, then much of the
concern with environmental damage would be
unnecessary and the uscful life of Army
materiel would be little affected by the
enviromnent.

2-4 SPECIAL MATERIEL REQUIREMENTS

The identification of spescial materiel re-
quirements with environmental effects is not
necessarily clear. For example, the effect of
terrain on mobility may call for tracked
vehicles, but tracked vehicles are also required
to provide operational capabilities not other-
wisc. available. Is this a requirement imposed
by the environment or by operations? The
same ambiguity applies to such materiel re-
quirements as oversnow transport vehicles.
fog dissipation systems, warchouse dehumid-
ifiers, nuclear-radiation-hardenasd equipwicnt,
and amphibious vehicles. In cach case, an
operational requirement cxists for operating
in an environment that has adverse effects on
materiel. Without the operational require-
ment, special equipment would not be re-
quired; because of the :equircment, special
equipment must be ©rovided because of the
verious environmenal factors to be faced.

It is thus clear that, while the environment
imposes a need for much special equipment,
the provision of such equipment directly
determin.s the operational capability of the
Army. fne analysis of the costs and benefits
of svch requirencrts is beyond the scope of
thi handbook. The provision of such equip-
ment, hovaver, does constitute a major cle-
ment of co>. in materiel procurement.
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Examples of speciai materiel requirements,
in addition to those cited previously, include
raincoats, snowshoes. foghorns, pontoon
bridges, air conditioners, and cushioning ma-
terials for packing. This list could have in-
cluded a very large number of supply items.

2-5 MILITARY SPECIFICATION:

Aside from the costs asso - !o: - “hspecial
muteriel items but closcly <+ mainte-
nance costs and the limitations on useful life
of Army materiel arc the costs associated with
procurement of materiel to Military Specifica-
tions. including stringent environmenta! re-
quirements. The requirement that an item not
only survive undamaged but also operate
normally in a full range of c¢nvironmental
factors is sometimes very difficult to meet.
The testing to prove that the requirements
are met is an additional cost factor. That
these requitements are placed on large quanti-
ties of materie! iiems, the majority of which
are never exposed to environmental extremes,
is adequate testimony to the importance
placed on such requirements, The sometimes
large cost escalation associated with meeting
the environmental requirements in Miitary
Specifications is deemed fully justified by the
assurance of performance obtained for those
few items that are exposed to severe environ-
mental stresses. The added reliability achieved
under normal conditions of such materiel is a
honus.

2-6 SUCCESS OF OPERATIONS

Environnmental effects on materiel have a
large impact on military operations~at tiines
determining the success or failure of a mis-
sion. It is welf known. for example, that the
inoperability of German vehicles in the severe
Russian winter was a factor in the defeat of
the German Army in Russia during World War
I1. Even aircraft engines could not be started
in the extreme cold. Another example of
environment affecting large military opera-
tions is the delay of the Normandy landings

by adverse environmental conditions—the

storm in the Engli“h Channcl. However, a
majority of environmental cffects on opera-
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tions are found in the smaller day to day
operations, e.g., (Ref. 1)

* . ..meanwhile the tanks had charged
down the road to perform the second
part of the mission, but just short of this
goal, thev ran into a stretch of boggy
land that proved to be a veritable tank
trap. This area of wet grourd limited the
area of maneuverability to the road and
a stretch immediately south of the road.
In this unfavorable position, the tanks
were hit by 88’s with such deadly fire
that after losing nine vehicles the attack
was forced to withdraw.”

This example was obtained from the opera-
tional report of an infantry regiment in
Tunisia in 1943. The success or failure of
military operations is compcunded from a
muititude of such small events. Such events as
mud inhibiting mobility, inclement weather
preventing aircraft operations, personnel per-
formance being restricted by extreme coid,
and artillery fire being inhibited by poor
visibility can be vitally important tactical
effects. In some cases, the effects result from
a lack of capability of available materiel,
while in others they result from deterioration
of materiel performance or from unavail-
avility of suitable materiel.

There is insufficient information available
to document the direct effects of materiel
deter:oration on mission failure or success.
The falure of a piece of electronic equip-
ment, gun, tank, or other materiel item due to
cumulative deterioration resulting from en-
vironmental stresses is not documented as an

AMCP 706-115

environment effect. Often such data only
appear as a statistic describing the useful
lifetime of a particula: item. The total of such
effects, however, is one of the more impor-
tant environmental effects and, through its
cumulative impact on logistics, maintznance,
and operations, confributes importantly to
the probability of mission success.

2-7 FACTOR {MPORTANCE

The relative importance of the various
environmental factois varies with circum-
stances. If one considers that the matericl life
cycle consists of storage, transportation, and
operational use, then this variation may be
examinced. In the storuge environment, ma-
teriel is protected by both the warehouse and
its packaging from factors such as rain and
solar radiation. On he other hand, because of
the possible long duration of such storage,
slow-acting factors such as ozone and salt are
more important than would otherwise be
true. In transportation, the mechanical factors
are important but the slow-acting factors have
little or no effects. In operations, the pack-
aging that protects materiel is discarded. and
full exposure to the natural and induced
factors occurs. Noi only are more factors
active, but their severity is greater. Materiel
with an expected lengthy operational life
receives more exposure to the environmentai
factors and thus is susceptible to greater
effects.

The importaunce of environmental factors is
tabulated in Tabic 2-1 for the various regions
of the ¢nvironment.
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CHAPTER 3

NATURAL ENVIRONMENTAL FACTORS

31 INTRODUCTION

Thirteen natural environmental factors are
discussed at length in this series of handbooks
and also are described briefly in the following
naragraphs. These factors and the induced
environmental factors discussed in Chap. 4 are
associated with climatic categories in Chap. 5.
When the effects of factors are considered
individuajly as in this chapter and in Parts
Two and Three of the Environmental Series
of handbooks, the process is referred to as
single-factor analysis and offers the most
direct means for assessing environmental cf-
fects. SBuch analvsis is limited, however, in its
applicability since it docs not describe the
aciual circemstances encountered in the en-
vironment. Multifactor combinations are
discussed in Chap. 5 and, at length, in Part
Four, Life Cycle Environmznts, of the
Environmental Series of handbooks. Detailed
data on natural environmental factors are
presented in Part Two of this handbook series
which serves as the prime reference for all of
this chapter. The information in this chapter
is intended only to identify and introduce
each factor.

32 TERRAIN

By definition, terrain comprises the phys-
jical features of land and thus includes topo-
graphy--the geometric contours of the land-
scape; hydrography-the lakes, streams, and
other water bodics on the land: vegetation--
forest, grasslands, or thickets: and scils-the
composition and sirength propeities of the
underlying earth. In describing terrain, there-
fore, it is necessary te discuss each of thesc
major parts of the terrain separately since
each is a major ficld of knowledge and
activity.

~
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The topography of land normally is indi-
cated on maps by contour lines of equal
elevation above a reference level, i.e., sea
level. The spacings between contour lines thus
provide information on slope. Additional in-
formation is provided by indicating the land
areas that consist of mountains, plateau re-
gions, hilly areas, or plains. More quantitative
descriptions of topography are obtained by
classifications based on slope angles or ob-
stacle dimensions (Ref, 1).

Qualitatively, thc vegetation portion of
terrain is described as dense forrests, wooded
areas, thickets, underbrush, grasslands, marsh-
lands, or cultivated agricultural arcas. For
military purposes, where mobility is of major
concern, quantitative vegetation descriptors
include parameters such as stem diameter,
stem spacing, and recognition distance. Such
descriptions arc not concerned directly with
the type of vegetation present nor with the
coexistence of different types (Ref. 1).

Hydrologic descriptions of terrain are con-
cemed primarily with rivers because of their
varying nature although the presence of lakes
and marshlands is important. The presence
and course of rivers are indicated on maps.
Additional quantitstive information that is
employed for military purposes includes pa-
rameters such as diffcrential bank height, gap
side slopes, water depth, water width, and
water velocity, which would indicate the
fordability of a streamn. Quantitative informa-
tion is usually unavailable on scasonal vari-
ability in water flow parameters which are
sometimes the most important clement of
hydrography for military considerations. An
cxample of a hydrologically complex terrain
is shown in Fig. 3-1.
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Figure 3- 7 Coastal Plain in Arctic Showing Summer Surface Conditions
With Numerous Thaw Lakes and Stream Channels (Ref, 4)
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The compcsition and physical properties of
soils are very important to mobility and
construction considerations. This has led to
the evolution of a number of classification
systems based on soil type (e.g., clay, loam, or
sand), on the physical nature of the soils {e.g.,
rock content, plasticity, or grain size), or on
macroscopic mechanical properties (e.g., trac-
tive and bearing capabilities). One of the more
important of these classification systems is
known as the Urnified Soil Classification
System whick is widely employed by engi-
neers for construction purpcses {Ref. 2).

Information on terrain is available in a
variety of forms including tabulated engineer-
ing data and maps which display a variety of
terrain information in a wide range of detail
and of accuracy. Efforts are underway to
obtain a greater amount of usable information
in terrain descriptions. An example of this is
the generation of areal terrain-factor complex
maps which include classifications based upon
21 terrain parameters (Ref. 1). Another at-
tumpt to enhance the data base for terrain
uses power spectrum density curves to de-
scribe the roughness of terrain on a local level.
Terrain information is being expanded rapidly
by the increased use of a variety of remote
sensing techniques, both aircraft and sateliite
borne, which provide a very large amount of
terrain data (Ref. 3).

The effects of terrain .ary in their nature
and importance. Mobility is often the prime
element of success in military operations and
terrain deterraines land m.obility. It is not
surprising, therefore, to find much emphasis
on trafficability, off-road mobility, and river
crossing problems. In any theater of opera-
tions in which ground forces play a .najor
role, mobility will continue to be of major
importance, and this importance has many
effects both on materiel and on materie}
requiremants. Materiel is exposed to all modes
of transport across terrain; materiel require-
ments are determined by the naiure of the
terrain; and much special matensl is required
for achieving an effective ground mobility
(Ref. 5).
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Terrain has other effects of lesser impor-
tance on materiel. For exampie, all types of
construction arc affected by the terrain,
particularly soil strength properties. The ap-
proach to the consideration of such effects,
however, s simila- to that employed in
nonmilitary construction and, as a resuit, a
large body of information and techniques as
well as materiel is available and is used.
Another important effect of terrain relates to
conceaiment and visibility. For example,
mountains affect artillery effectiveness, pro-
vide concealment, and degrade detectability.
The same is true of many types of terrain
features and, because of these effects, new
materiel requirements are created to lessen
their impact.

3-3 TEMPERATURE

No environmental factor is more pervasive
than tempecrature. The temperature of the
earth as determined by its thermal energy
baiance is the prime determinant of human
existence. it also controls and determines the
nature of other environmental processes. All
natural environmental factors are affected by
temperature, and most induced environmental
factors are influenced greatly by temperature.
The measurement and study of temperature
processes liave received more attention than
almost any cther subject, and the ccensidera-
tion of environmental cffects on materiel has,
at times, consssted exclusively of temperature
studies.

The average temperature of the earth, of
course, is determined primarily by the
amount of solar radiation that impinges on
the earth. Variations in temperature in various
regions of the sarth thus depend to a large
extent on the variability of insolation levels,
aithough other factors play important roles.
Regional and local temperatures are subject to
various thermal energy controls and circula-
tion patterns involving ocean and air currents,
tertain features, and even the gross effects of
civilization. Thus, the descriptions of the
temprature of the environment involve de-
tails of these thermal energy controls.
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Temperature patterns in forests, soils, urban-
ized areas, mountains, and other regions of
the environment must be specified so that the
effects of temperature in such circumstances
can be defined. Much data have been assem-
bled on temperature phenomena, and both
gross and detailzd patterns are known. The
extremes of temperature, both high and low,
for tuese different regions and for the differ-
ent components of the environment are docu-
mented. An example of data is shown in Fig.
3-2 where the diurmal temperature cycies of
six locations are shown for a 1-yr span. These
stidies extend into those portions of the
environment in which the temperature is
controlled or affected by man’s activitics
(Ref.6).

The inernal temperatures of structures and
vehicles are equally important. These are
subject to control but are often uncontrolled,
being determined by combinations of natural
and i..duced processes.

The effects of temperature on materials is a
complex subject. All deteriorative processes
are affected by temperature. Usually, the
exiremes of temperature are most important.
Most material changes are accelerated by
increases in temperature and are slowed by
decreases in temperature. Any extreme of
temjesature or rapid change in temperature
has adverse effects on some materials.

34 HUMIDITY

Humidity closely follows temperature in
importance as an environmental factor. At-
mospheric water vapor is essential to life and
is a determinant of the importance of the
effects of a number of other environmental
factors.

The exchange processes between the var-
ious physical states of water arc weli known
so that the water vapor content of the
atmosphere can be correlated closely with
other environmental conditions. Terminology
such as vapor pressure, rclative humidity,
mixing ratio, absolute humidity, mole frac-
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tion, saturation, dewpoint, and latent heat is
employed to describe various properties or
processes involving atmospheric water vapor
(Ref. 8). With such descriptions, reasonably
valid descriptions can be obtained of the
geographic distribution of atmospheric water
vapor without actual measurement data. Prox-
imity to bodies of water, rainfall, snow cover,
atmospheric circulation patterns, and, above
all, temperature determine the wetness of the
air. The importance of temperature is indi-
cated by tl.2 obscrvation that a larger quan-
tity of water is found in the desert air of the
Southwestern United States than in the
winter air over Alaskan snow cover.

The variztion in the concentration of at-
mospheric water vapor closely follows that of
temperature. With increasing altitude, for
example, both the temperature and the water
vapor content of the air decrease. Diurnal
variations in water vapor content follow the
daily march of temperature. When the tem-
perature decreases to the extent that air
becomes saturated with water vapor. precipi-
tation is likely to occur. Because of their
imporiant effects on materiel, the conjunc-
tion of high temnperatures and high dewpoints
has received particuiar attention. Places where
high temperature air is almost saturated with
water vapor are limited to scacoasts bordering
on warm bodies of water (Ref. 2). An
example of a high, fiuctuating dewpoint cycle
and its associated very hot temperature cycle
is given in Fig. 3-3.

Porous materials and the surfaces of mate-
nmals maintain a moisture level that is in
equilibrium with the water vapor in the
surrounding air. This moisture level is deter-
mined, of course, by the temperatures of both
the air and matcrials. In normal diumal
variations of temperature, it is common for
material temperatures to be sufficiently below
air temperatures to induce frequent condensa-
tion of water onto surfaces.

It is important to note that, while the
presence of humidity—particularly when in
excess—is a deteriorating factor with respect

ey

TG T Y P P U U S e 3

a1 e WArAR WY e A AR AN,

VENTUA LIS RN PTGV PUL TT L T7 SO OR PO B LR LORTIIY T RT T LN R PRUPIVLIC WO TLe ST L M) NPT (g RN TS P LT R P gy Y FRNEY PR RE e A IO T AR R I N T S TSI A A D E TV

e E S gty 3t ey,

2ty

LY

PPN




AMCP 706-115
a0 JAN , FESB MAR, APR, MAY | JUN | JUL | AUG  SEP ; OCT | NOV | DEC
B 1 T
uw 30
L ]
2 z
' 4 :
3 ICE_ISLAND 7.3 i
- 10 ) ~2 BK°N, 85°W. 90 3
w
=4
%0 - - 50
u 1,
'lx . ‘3’
1. 0 ]
DAWSON, YUKON TER. o g{
. 64.°", 139. 5w, l N 0 ;
! 0 32 3
T
o 3
1w LY 1;71;
3
13
20 -30
; | wf AL g
g 70 fl 1 ni " ’ -50 3
3 i 4l ’l :
= 30—t b Uik I MET'ST Louls, MISSOURI - y) §
o "p”' lt\} Uk 4] 387N, 930FW. %
30 ‘1J'fl [In' I - . o %
' . 3
T A : x :
L e ;.
‘g
A d 4 JUTLRERI . © :
‘ PHOEN!X, ARIZONA .
133.°N, nH2.°w. ‘ﬁ, §
M 30
& 9
- .
W 70
= ‘| KEY WEST, FLORIDA
u 24.6'N, '81.8°W.
z 50
i 90 w
1 [ ]
o
BATAVIA, JAVA 0 a
6 2’s, 106.8°¢ . «
1 i i w o

Figure 3-2. Daily Diurnal Range of Standard Surface Temperature at Various Stations
for 1943 (Bstavia); 1953 (Key West, Phoenix, St. Louis, Ice Istand T-3);

and November-December 1952, January-October 1953 ’ A

(Dawson, Canada) (Ref. 7} . 3
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Temperatures and Dewpaint for Abadan, Iran
(Ref. 11)
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to many materials, in some cases low water
vapor content of the atmosphere constitutes
an equally deteriorating factor. Rations, cellu-
losic products, and textiles are affected di-
rectly by low water vapor content and the
static electricity that results from extreme
dryness can produce undesirable effects.

The primary effects of high humidity are to
promote corrosion and microbiclogical attack
on material. The most common form of
corrosion is the rust that appears on ferrous
metals, but other forms of chemical and
electrochemical corrosion are common. Hu-
midity affects in subtle ways the performance
of electrical and electronic equipment by
deterioration of the properties of compo-
nents. Microbiological deterioration as ev-
idenced by fungal attack, mildew, and rot
requires certain minimum levels of humidity
to be active. This is observed most commonly
in textiles stored in damp environments where
mildew growth rapidly ensues but is found
also vath corrugated packing materials, many
types of rations, wood products, and certain
types of corrosion. In almost all of these
instances, humidity is working in combination
with another environmental factor to create
the undesirable effect (Ref. 10).

3-5 PRESSURE

The cffects of pressure are not sufficiently
common to make it one ¢f the more impor-
tant environmental factors. Pressure variations
duc to meteorological processes range from
lows of about 880 mb to an upper extreme of
1,083 mb. The low pressures are associated
with the eyes of tropical storms while the
high pressures are associated with wintertime
continental high pressure systems (Ref. 12).

Pressure variations also are associated with
changes n altitude. As altitude increases, the
mass of the air above a given point decrcases
and, consequently, the pressure decreases. At
about 18,000 ft altitude, the atmospheric
pressure is reduced to about one-half of its sea
level value while at 53,000 ft the pressure is
about onc-tenth of the sea level value (Ref.
i3).
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The effects of pressure result primarily
from the rapid changes that occur with
moving storm systems or with the transport
or flight of material to high altitudes. Such
variations in pressure can cause the rupture of
seals, distort containers, or move objects. In
moving storm systems, pressure differcntials
may actually cause the explosion »f buildings
or the breakage of windows. Pressure changes
cause leakage of fluids from containers and
control systems, the condensation of trapped
water vapor, a.d equivalent effects. Other
effects of pressure include those phenomena
associated with the availability of a certain
amount of air. Combustion processes are less
efficient at lower pressures, the lubrication
capability of oils and greases decreases, elec-
trical breakdown occurs more frequently,
heat transfer is less efficient, and liquids
vaporize more readily. Thc heat-absorbing
capacity of air, for example, varies as shown
in Table 3-1. Design engineers should be alert
to these effects of pressure on materiel that
will or may be exposed to reduced pressures
of high altitude, either in shipment or in use,
as well as to the effects of rapid pressure
changes associated with storm systems.

3-6 SOLAR RADIATION

Although the radiation that impinges on
the earth from the sun is essential to life on
carth, it would be lethal to life without the
filtering effect cf the atmosphere. The Quan-
tity and specular distribution of solar radia-
tion that is absorbed at the surface of the
earth is dependent upon the motion and
orientation of the earth with respect to the
sun, atmospheric absorption processes, and
the nature of the surface on which solar
radiation impinges (Ref. 15). The effect of
atmospheric absorption is scen in the solar
irradiance curves of Fig. 3-4.

Diumnal and seasonal changes in insolation
arc dependent on the rotation of the earth
about its axis and its orcit about the sun.
These predictable changes vary only slightly
over longer time periods (Ref. 6).
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TABLE 31

HEAT-ABSORBING CAPACITY OF AIR (Rof. 14)

Percent heat-absorbing
capacity of given volume
of air to that at sea level

Altitude,
ft
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0 100
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40,000 25
60,000 10
80,000 3
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Stippled areas indicate absorption
by the atmospheric constituents.
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Figure 3-4. Spectral Dictribution of Solar Radiation {Ref, 14)
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Atmospheric processes contribute a large
amount of variability to the solar radiation at
the surface of the earth due to the changes in
atmospheric absorption and reflection proc-
esses as evidenced, for example, by cloud
cover. These changes are less predictable on
any but a short-term basis but do cccur iu
certain regular patterns.

At the surface of the earth, as little as 5
percent (fresh snow) to ax much as 95 percent
(coniferous forest) of the incident energy is
absorbed. The remainder is reflected. In most
cases the energy is absorbed in a thin layer on
the surface, but in the case of clear water, it
may penetrate for large distances below the
surface. The most significant part of this
absorbed energy is reradiated at a different
wavelength into the atmosphere and provides
the bulk of the atmospheric thermal energy.
The remainder of the absorbed energy serves
to heat the ocedns or soil and participates in
various forms of energy circulation or storage
beforz it uitimately is reradiated int¢ the
aimosphere (Ref. 6). Estimites of mean glob-
al energy-flow patterns are given in Fig. 3-5.

Since solar radiation incident on the sur-
face of the earth is highly dependent on
atmospheric conditions (primarily cloud cov-
er), intuitive concepts with regard to those
geographic regions receiving the maximum
solar radiation are somet;mes erroneous. Data
on solar radiation also are affected by the
period of time for which average solar radia-
tion is being reported. For example, the
maximum and the minimum average monthly
solar radiation levels are found in the Arctic
and Antarctic where, during the long winter
nights, the average monthly solar radiation is
zero and, during the summer with 24 hr of
solar radiation each day, the monthly averages
are the sargest observed on earth. On an
annual basis, however, the subiropics with
their long periods of clear skies receive more
solar radiation than elsewhere on earth. Nev-
ertheless, when considering the eifects of
solar radiation, one must be aware that 1 mo
of exposure in an arctic summer can exceed

exposure levels anywhere else on earth (Refs.
17,18).
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The effects of solar radiation on materiel
are often similar to those of high temperature
since solar radiation elevates the temperature
of many materials quite rapidly. Nonthermal
effects, however, are important. The high-
energy short-wavelength components of solar
radiation induce reactions in materials that
often detesiorate their functional properties.
Textiles, paper, plastics, rubber, and various
surface coatings are susceptible ¢o solar radia-
tion induced changes. A commonly observed
effect is that of bleaching of colors from
textiles through the action of suilight. This is
brought about through chemical changes in

the dyes induced by the ultraviolet portion of
the solar radiation.

Solar radiation is an environmental factor
for which special material requirements are
established that may be as costly as the
deteriorating effects that solar radiation has
on materials. Requirements for air condi-
tioning, shade, special clothing, sunglasses,
and other protection from the direct effects
ol solar radiation are important to the mate-
riel design engineer. But for all of thes:
adverse effects of solar radiation, its beneficial

effects, although not discussed here, are much
greater.

37 RAIN

Rain is a familiar natural environmental
factor but this familiarity does not result in
simplicity in the consideration of rain proper-
ties. The frequency with which rain falls and
tiie magnitude of its effects have led to the
definition and study of a variety of rain
properties that are derived in large part from

the effects of rain on materials and opera-
tions.

Properties of rain that are of intersst to

design engineers inciude the following (Ref.
19):

(1) Raindrop shape, size distribution, mass
velocity, and impact energy and pressure

(2) Liquid water content
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Figure 3-5. Estimated Mean Global Energy Flow ( Rer. 16)

3-11

a
£
2
3
:
4
3
)
»
E
3
4
g
3
3
%
i
?
i
3




FCELY A Sy X AR S ST S A R G A

4 cat SR RS o S ST

n—\a,.rr'nnﬂnwrﬂ“f*fm PRI Y g3

TR

WIS S KRR

po 0 L b S LT Nt AT

AMCP 706-115

(3) Rainfall intensity,

(4) Physical and chemical properties of
water in rain.

In addition to these properties of rain, the
nature of rainfall throughout the earth is of
interest, including characteristic intensity pat-
terns, durations, and variations in the listed
properties as they occur with geographical
positions. With respect to geography. the
heaviest rains are found in the tropical lati-
tudes, and belts of frequent rainfall are found
in the middle latitudes. Longitudinal varia-
tions in rainfall patterns are controlled z'most
completely by topography and prevailing
wind directions over large water bodies. Thus,
rainfall is more abundant at higher altitudes
and near seacoasts. Different types of rain are
derived from these topographic and meteoro-
logic dependencies; e.g., convective rair,
cyclonic rain, and orographic rain.

Data have been obtained on rainfall rates,
frequency of occurrence of rainfall, the hours
per year in which rain occurred, the fre-
quency of rainfall occurrence in days per
year, and other data bases for reporting
rainfall. Extremes of rainfall are also available
and are dependent upon the length of the
time period employed. Thus, a rainfall of
about 3.18 cm (1.25 in.) has been observed to
occur in 1 min; for a 20-min interval, the
record is a little over 20.3 cm (8 in.); for a
12-hr period, the record is 135 ¢m (52 in.);
for 1 day, the record is 188 cm (74 in.); and
for 1 yr, the highest recorded rainfali is 2,647
cm (1,042 in.) (Ref. 20). A graphical repre-
sentation of record rainfalls, based on other
data, is given in Fig. 3-6.

The cffects of rain fail into three cate-
gories; those that occur while the rain is in the
atmosphere, those occurring on impact, and
those occurring after deposition of the rain on
the surface of the earth. Rain while falling
deteriorates radio communications, limits ra-
dar effectiveness, limits aircraft operations
due to visibilitv restrictions, damages aircraft
in flight, affects weapon accuracies, degrades

312
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or negates optical surveillance, and decreases
the effectiveness of personnel in exposed
activities. The impact of rain on surfaces
causes erosion of surfaces, particularly ex-
posed earth, and also imposes very large
forces on structures. After deposition, rain
has the essential properties of water in its
deteriorative effects. Thus, it degrades the
strength of materials, promotes corrosion,
detericrates surface coatings, decreases off-
road inobility capabilities, causes destructive
flooding, directly destroys certain types of
exposed mater.:l, and can render electrical
and electronic apparatus inoperative. Some of
these effects of rainfall are common (i.e., the
erosive effects of rainfall on exposed earth)
while other effects are less well known (i.c.,
radar attenuation). All, however, have been
subjects of many investigations and much
data are available to aid the design engineer in
his efforts to avoid these advers- ffects of
rain on Army materiel.
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3-8 SOLID PRECIPITATION
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This environmental factor includes all
forms of ice that are derived from atmos-
pheric moisture. Although snow is the most
important of these precipitants, graupel, ice
pellets (sleet), ice crystals, hail, glaze, rime,
and hoe-frost also are included and are at
times important environmental factcrs. Be-
cause those regions of the earth that are
exposed to solid precipitants are also mili-
tarily important, the effects thereby have
been develoved for operating in snow-covered
regions. Emphasis on this aspect of solid
precipitants should not detract from the
devastating effects of solid precipitants in the
temperate zones. The disabling consequences
of major snowstorms, widespread glaze, or
intense hailstorms must not be overlooked,
although they are transient in natw.
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While both precipitant snow and deposited
snow as well as other solid precipitants are of
inierest in this discussion, the deposited ice
forms are more important because of their
fonger lasting effects. Snow in the atmosphere
is characterized by its density, crystalline
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structure, and its occurrence. Deposited snow,
Eecause of its diverse uses and effects, is
subject to more intensive analysis (Ref. 22).
Data are available on mechanical properties of
snow such as density, poiosity, permesabli.y,
hardness, grain size. elastic propertics. creep,
and sliding friction. The strength of age-
haidened snow is illustrated in Fig. 3-7.
Because snow is an excelient thermal insula-
tor, its thermal properties also have been
examined. Data are available on thermal
conductivity, thie latent heat of fusion, and
thermal e.vansion. Electrical properties of
snow are of interest with respect to electro-
magnetic propagation. This has led to ac-
cumulation of information on conductivity
and dielectric properties. In similar fashion
the optical reflectivity of snow is important
with respect to its electromagnetic properties
as well as its effect on the energy transfer and
visibility in the cold regions.

The other solid precipitants l:ave not been
studied as intensely as has snow, hui the
properties that are important with respect to
effects are documented. The important pro-
perties of hail, for example. are size, weight,
and falling velocity. The largest hailstones
reported in the United States, for example,
are 13.7 cm in diameter and have a mass of
alout 450 g. Only one hailstorm in 100,000
would be expected to have hailstones this
large, as indicated by extrapolation of the
probability data in Fig. 3-8. Glaze, rime, and
hoarfrost are forms of ice derived from
atmospheric moisture under different meteor-
ological circumstances, thus having distinct
characteristics. Hoarfrost is a light, feathery
deposit of ice consisting of interlocking ice
crystals; rime is a white, opaque, granular
deposit formed by rapid freezing of super-
cooled water drops as they impinge on a
surface; and glaze is a hard transparent coat-
ing of ice formed by the freezing of super-

rooled rain or drizzie. An example of rime is
shown in Fig. 3-9.

The annual snowfall in various regions of
the world is well documented and, in addition
to its latitudinal devendence, is affected by

topological features such as mountains and
water bodies. Annual accumulations in the
Northei« Hemisphere range from about 3.8
cm to «er 3 m but this is not necessarily
directly rclated to the thickness cf the snow
blanket on the ground. Metamorphi«. chariges,
thawingz and freezing cycles, and the nature of
the snowfall ali affect the accumiiated depth.
A seasonal snowfall of 60 to 75 v in the
extreme cold regions may produce a maxi-
mum snow cuver of 25 io 50 cm during the
month of maximum dcepth. In the cold
regions of tic Nuisthern Hemisphere, the
greatest accumulation of seasonal snow occurs
between 40 and 60 deg latitude. For construc-
tion purposes, snow accumulation is also
reported in terms of maximum expected snow
load on a horizontal surface. In those regions
of the e reme cold climate where little or no
summer melting occurs, the annual load accv-
mulates from year to year (Ref. 24).

While hailstorms occur in those regions of
the earth from the Equator to the 65th
parallel, hail occurs sufficiendy frequently in
certain regions to characterize them as hail
belts. These are in midlatitude continental
regions. In similar fashions, in other regions
the probability of occurrence of the other
solid precipitants is large compared to the
remainder of the globe (Ref. 25).

The effects of solid precipitants are listed:

(1) Transportation systems are slowed or
completely disrupted.

(2) Personnel movements are slowed or
stopped.

(3) Snow loading of exposed structures
can result in damage.

(4) Obscuration of the terrain makes navi-
gation and position 1ocation difficult.

(5) Camouflage is made difficult.

(6) Mechanical apparatus can be jammed
or otherwise rendered inoperative.
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Figure 3-7. Age-hardened Snow Produced by Sintering in an Undisturbed
Winter Snow Pack (Snow is about 30 in. deep) (Photo in late

Januzry at Goose Bay, Canada — provided by R. W. Gerdel)
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(7) The probability of personnel injuries
increasss.

(8) Electromugnetic propagation is affect-
ed by precipitating snow or by deposits on
antennas.

(9) Weapon performance may be degraded;
i.e.. contact fuzes can fail on a snow cover.

The damaging effects of hailstorms--
particularly from the larger hailstones--are
apparent. Effccts of the deposited forms of
ice—glaze, rime, and hoarfrost—are related
primarily to the weight that they imposc on
various materiel items. The most important
example of such damage is that occurring to
suspended wires associated with power distri-
bution or communication. Ice loadings on
vegetation at times create a hazard and
impede movements as a resuit of fallen limbs
and trees. It is not uncommon for a large tree

to be coated with 50 tons of ice in a glaze
storm (Ref. 26).

The largest costs resulting from solid pre-
cipitants are associated with snow removal,
oversnow transport, and control of drifting
snow. A varicty of snow removal equipment
has been specifically developed and applied to
road and airport clearance. Although much of
this equipment receives only periodic usage,
nevertheless it is required in order to maintain
operating capabilities. In similar fashion much
effort has been directed toward the develop-
ment of specialized equipment for oversnow
transport in the form of vehicles with tracks
or runners. Drifting snow often creates major
problems, thus stimulating continuing efforts
to control it through use of suitable barriers.

In studies directed towards acclimatization
of military operations to the snow-covered
environment, the Army extensively has inves-
tigated the use of snow as a construction
material, including not only snow pavements
for aircraft runways and roads but also the
use of snow to build structures. On¢ of the
more urique cxamples of snow construction
was created at Camp Century in Greenland
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where the utility of living and working quar-

ters built within the snow cover were demon-
strated.

3-9 FOG AND WHITEOUT

Fog and whiteo'it constitute an environ-
mental factor, thcir most important effect
being the reductio 1 of visibility. Other eftfects
of these phenom.na are almost identical to
those produced by high humidity or rain and
thus will not be discussed in this paragraph.

Fog is essentially a cloud whose base
touches the surface of the earth. It consists of
a visible aggregate of minute water droplets
suspended in thc atmosphere. Another form
of fog, icefog, is composed of suspended ice
particles. Whiteout is a weather condition
occurring in extreme cold climates over a
snow cover in which the combined effect of
the snow cover and fog is such that light is
completely diffused. In a whiteout po objeci
casts a shadow, the horizon is not discemible,

and light-colored objects are difficuit to see
(Ref. 27).

Some knowledge of fogs is derived fiom
their formative processes. Thus. there are
evaporation fogs, mixing fogs, and cooling
fogs. The latter category is subdivided into
radiation fogs, advection fogs, and upslope
fogs. The small water droplets in fog range in
size from 1 to 60 um, although in mosi cases
the largest diameter is closer to 20 um (Ref.
28). Ice crystals in icefngs fall within the same
range of diameters. The liquid water content
of fogs ranges between 0.01 and 1.0 g3, and

the droplet concentration ranges from about
10 to 600 cm™3.

The visibility or visibie range in a fog is one
of the prime methods for parameterizing the
fog and may range from essentially zero in a
thick fog to 1 km in a light fog. If the
visibility is greater. then the atmospheric
moisture is not called z fog (Ref. 8).

Since fogs result from atmospheric conden-
sation of water vapor on nuclei, the presence

PP N B it LA

e e e o

"‘ﬁ :a‘iﬁt

et w e AR b BEA A m e LA AR A0 nasi

PR ARCPTs S e e ROP S e S Ry BTN o B LRE N AT B,

ST AL ¥ et b b
‘u:«‘tvm‘n'nm-xw..awmf.w»«t,cr.zmwzn‘mb::'v;i.,a‘m.u 90 R AN S o b i e e
AT RIS XIS X WY a

%
»
4
i
;

3
P
E
-
3

:
3
¥

x

Fy




TS

AT T LN S v

ke,

Tt TR TR TSR o T AT LGy e

of small suspended particles or nuclei in the
atmosphere is conducive to fog formation,
and the nuclei constitute an important impu-
rity source in fog. Condensation nuclei result
from combustion processes, chemical reac-
tions in the atmosphere, and entrainment of
liquid and solid particles in che atmosphere by
wind action.

Large regions of the earth are free from
fog. Fog occurs most frequently along coastal
regions of large landmasses and frequently is
associated with ocean currents, both hot and
<old. Ice fog results primarily from injection
of water vapor into a cold atmosphere by
combustion or other processes associated with
man’s activities and, therefore, is observed
most frequently around habitation in thz
extreme cold regions (Ref. 29).

As mentioned, the primary effect of fog is
on visibility. Efforts to alleviate its effects
concentrate on more accurate prediction of
fog and the various fog dissipation techniques
that have been employed. A successful seed-
ing operation is shown in Fig. 3-10. While
land transportation systems are affected by
fog, the main effect is on air transport.

3-10 WIND

Wind is annther well-known and commonly
observed environmental factor. The extreme
winds ussociated with cyclones, thunder-
storms, tornadoes, and similar viclent meteor-
ological disturbances produce the primary
adverse effects. Lighter winds interact with
military materiel to some extent, such as to
enhance evaporation processes or to carry
suspended sand and dust, but *hese effects are
less important in themselves. Airborne sand
and dust, being an important induced environ-
mental factor, is discussed separately.

Since wind is a primary factor in meteor-
ology, a large body of information has been
compiled on it. The complexities of atmos-
pheric motion as produced by cnergy ex-
change processes and as affected by the earth
are well known. In discussing the distribution
of wind, it is convenient to treat scparaccly

AMCP 708-115

the surface l~yer closest to the earth—a
planetary boundary layer-and the free atmos-
phere in which the jet stream is found. The
horizontal distribution of wind is associated
with so-called glcbal wind systems and is ulso
well known. Localized phenomena such as sea
breezes, the urban heat island effect, and
mountain wind systems play important roles
in certain regions.

In most regions of the earth, the effects of
normal winds on materiel are unimportant. In
fact, the beneficial effects of wind in dis-
persing poliutants and in cooling the environ-
ment are very heipful. The adverse effects of
extrenie winds, however, are important and
include the fullowing:

(1) Damage to buildings, bridges, and
other structures.

(2) rlooding by wind-driven wate:-.

(3) Damage to power distribation and
comiunication systems.

(4) Damage to aircraft.

(5) Interference with ground-vehicle opera-
ticns.

(6) Injuries and damage by windblown
oojects.

(7) Damage to vegetation and werrain
(8) Restriction of visibility.

3-11 SALT, SALT FOG, AND SALT
WATER

The widespread presence of salt in the
environment and the acceleration cf corrosion
by salt are the reasons for focusing attention
on sait as an important environmental factor.
Salt, although relatively inactive chemically, is
a strong promoter of electrochemica! re-
actions in the presence of water. This pro-
perty of salt has led to its strong association
with corrosion and to the use of salt-spray,
salt-water immersion, and salt-fog testing as
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standard methods for dctermining corrosion
resistance of materials.

Salt is used generically to identify sodium,
chloride, sulfate, and magnesium ions such as
occur naturally and as are cntrained in the
atmosphere as particles, condensation nuclei,
salt fog, and saltwater droplets. In such
circumstances, the airbome salt is measured as
pounds of salt per cubic mile of 4ir and, in
particulate form, its size distribution is given
in terms of diameter or weight. Another
measurement parameter is saltfali, which is
the amount of atmospheric salt deposited on
land from the air, usually in units of pounds
per acre per year.

Almost ail airbome salt results from bub-
bles produced on the ocean surface or {from
the breaking of waves on the beach. This
results in entrainment of the salt in the
atmosphere. Salt is removed from the atmos-
phere by means of precipitation washout or
by dry fallout. In unusual circumstances, sea
salt particlies from the air impinge on struc-
tures such that encrustment occurs (Ref. 30).

Most atmospheric salt is found in the
vicinity of oceans or seas. Normal s2a winds
can carry from 10 to 100 Ib of salt per cubic
mile of air cnto the land. This may increase to
1,000 Ib in a storm. The amount of salt
entrained in the air depends markedly upon
the salinity and temperature of sca water in
the particular region.

Salt fallout may be as high as 400 1b acre™’
yr! in thc immediate coastal region but drops
off rapidly with distance from the seacoast.
However, farther inland the salt fallout
reaches a constant minimum value at about 2
Ib acre™! yr'!, which is characteristic of inland
continental areas (Ref. 31).

Almost all of the effects of salt are the
rezult of metal comrosion. Thus, even when
pain{ blistering is observed or when clectrical
or mechanical squipment is affected by salt,
the pnima cause of damage is corrosion. A
different but related mechanism occurs in sait

e A e e a i e T da N
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attack on concrete structures in which vulner-
able components of the cement are chemical-
ly converted, resulting in scaling and some-
times disintegration (Ref. 10).

3-12 OZONE

Ozone is a gas that occurs in the lower
atmosphere in varying, usually low, concen-
trations coming from both natural and man-
made sources. Since it is highly reactive and
can be harmful to both people and matericel,
its presence as an environmental factoy is a
concern to design enginecrs who are charged
with providing protection for both matericl
and personnel.

Ozone is classificd as a natural environ-
mental factor because the largest amount of
observed ozone originates in the stratosphere
and is transported to the surface of the earth
by atmospherc circulation. These natural
concentrations are unlikely to exceed 6
pphm. Ozone is produced in the stratosphere
by absorption of solar uitraviolet radiation by
oxygen molecules. In the troposphere. ozone
is produced b, photochemical reactions, usu-
ally involving pollutants. Ozone also can be
produced by photochemical reactions with
nat ral organic vapors and by electrical dis-
civ .es, ultraviolet radiation, and nuclear
radiation.

Only limited data are available on world-
wide ozone concentrations. These data are
insufficient to allow any general conclusions
other than that higher altitudes, pollution,
and active vertical airflow are conducive to
high oronc concentrations. The diurnal varia-

tion in ozone concentration is illustrated in
Fig. 3-11.

The effects of ozonc un materials are those
of a strong chemical oxidant. The most
abvious of these effects is that on rubber,
which is highly sensitive to ozone attack. This
degrudation of rubber is observed commonly
as ozone-cracking wherein a large number of
small cracks appear in the rubber, degrading
its strength and ultimately causing it to fail.
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Ozone attuck on an automobile tire is shown
in Fig. 3-12. Ozone also attacks cellulose,
such as is found in fabrics, and dyes, pro-
ducing rapid deteriforation in these materials
(Ref. 32).

Design engineers also must be aware of the
ozone-generating potential of some materiel.
Electrical and clectronic equipment in which
high voltages arc employed can serve as ozone
generators when high voltage discharges oc-
cur. The sweetish smell of ozone is not
uncommon in electronic equipment environ-
ments. Ultraviolet lamps used for germicidal
or other purposes also generate ozone and can
produce harmful amounts.

The health effects of ozone are important
since as little as 1 ppm produces readily
discernible effects, and exposure to 9 ppm
can produce severe illness.

3-13 MACROBIOLOGICAL ORGANISMS

Macrobiological organisms include all those
living things that individually can be seen with
the unaided eye. In the animal kingdom this
includes all of the insects, marine borers,
rodents, reptiles, mammals, and birds. It also
includes vegetation. That these types of living
organisms do affect Army materiel is obvious.
The effects range from materiel destruction
by rats and mice to destruction of buildings
by termites and damage to aircraft by birds.
Macrobiological organisms that are important
pests at military installations are listed in
Table 3-2. Each type has its individual habits
and produces individual effects. The more
important macrobiological organisms and
their cffects are described in the discussion
that follows.

The identification and brief discussion of
the various major types of macrobiological
organisms that affect military materiel and
operations do not exhaust the cataloging of
effects of this environmental factor. In a given
location at a given time, other organisms not
mentioned here may create important cffects.
In some rcgions of Africa, for example, it is
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possible that the large mammals may cause
problems or that the reptiles may have a
significant effect on military operations in
some iegions. Because such instances are
isolated products of particular circumstances
and because of the great diversity of macro-
biological organisms, it is neither possible nor
desirable to discuss all such possible effects.

(1) Termites are the most destructive of
the biological agents, damaging wood and
other cellulose-containing products. Once a
wooden building or other wooden product
becomes infested with termites, the damage
they cause may be extensive before it is
discovered. Fig. 3-13 shows an example. Of
the two primary types of termites, the subter-
ranean termites are found in both tropic and
temperate areas in large colonies. They fre-
quent warm, moist ground containing abun-
dant food. Nonsubteiranean termites do not
require a2 ground contact and are less com-
mon. They are found in warm coastal aress in
the tropics and subtropics. Termites infest
structural timbers, furniture, utility poles,
lumber, paper, cloth, fiber insulation panels,
and numerous other items (Ref. 35).

(2) Powder-post beetles comprise several
families of wood borers that honeycomb hard
woods and softwoods. Their namie is derived
from the excreted flourlike powder deposited
mainly in burrows formed by their larvae. At
least some species of *his insect can be found
in all parts of the world and cause consider-
able damage to wood products (Ref. 36).

(3) Clothes moths damage unprotected
animal fibers including wool, mohair, fur, hair
bristles, feathers, and down. Damage consists
of holes eaten into the materials, which often
make an article unsuitable for further use.
Clothes moths are distributed widely except
in the tropics and are found throughout the
United States. In order to flourish, they need
an ample supply of suitable food, a temper-
ature of about 27°C, and relative humidities
in the 60- to 80-percent range (Ref. 37).

e TR R AN TR R Y R R R TR R T R SR R T Y TR,

am

R T
et e AR AL 1 A e A B b 2D LR ars MR AT L) PP S T RDY S X

VLI prh Y KA 2 A £ DS ST A P AN AS 0 L0 s oY Eoa U s RS s TR L e ¥ e M AL et i S BT v 28 M T A el




- - " £ P Y VA YT T ”~
SR AP TN RN RNV TR SRR .
ey T GRS R T P AT AR LR UT AN TN ?
A N FRTT RA FTATLRPR ORI

LS RIS AT RIS AR IR SR T IR AN AR P T YRR TN EGaR M - S 8
YR R TE LMY L e &
FRRRT Y Aelits P, =4

i i st

PPt

>

¥

pocal

el

&

TRITHR TR

AT

RS s

R

Figure 3-12. Tire Showing Ozone Effect on Unprotected
Section Labeled “Control” (Ref. 34)
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TABLE 32 z
IMPORTANT PESTS AT MILITARY INSTALLATIONS (Ref. 36) %
Pest Common nam-, Scientific name é
Mosquitoes................. Anopheline mosquito............... Anopheles ]
Culicine moequito................. Aedes spp PP g
Culez spp x
Mansonia spp
Flies....................... Housefly......................... Musca domestica ?
Greenbottlefly.................... Lucilia spp 3
Bluebottlefly..................... Calliphora spp ;
Stable fly ordogfly................ Stomozys calcitrans 3
Deerfly.. ..... ...l Chryeops spp 3
Horsefly......................... Tabanus spp f
Latrinefly........................ Fannig spp b
Cluster ly........................ Pollenia rvdis :
Fruitflies. . ...................... Drosophila melanogaster §
Gnats and Other Diptera..... Sandfly.......................... Phelebotomus spp 3
Plunkie............cccvvevnrn ... Culicoides spp 3
Blackfly..............ccocvvnnes. Simulium spp 4
Eyegnat..............ccocuunun. Hippelates spp ;;;
Nonbiting midge. ................. Chironomus spp §
BedBugs................... Bedbug...............cviivnn... Cimez lectularivs 2
Cimex hemipterus 3
Lire...... ..., Budylouse..... ................. Pedicvlus humanus corporis 3
Headlouse....................... Pediculus humanuy humanus 3
Crablouse........................ Phthirvs pubis E
Fleas............. ........ Humanflea....................... Pulez irritans H
Dogflea....... ................... Ctenocephalides canis 3
Catfles.......................... Clenocephalides fzlis 2
Oriental rat fles. .................. Xenopsylla cheopie 4
Ticks. . .oovvve oo Rocky Mountain spotted fover tick :
orwood tick. ................... Dermacentor andersoni 3
American dog tick................. Dermacenior variabilis 3
Browndogtick................. . Rhipicephulvs sanguinevs 3
Relapsing fever tick............... Ornithodorus turicala 3
Pacific tick. .o......ooiiennennn. Izodes pacificus ) §
Rabbit tick....................... Haemaphysalis leporis-palustris i
Herms soft tick.................... Ornithodorus hermei §
Mites and Spiders. .......... Chigger. ........c.ccovveiinniann Trombicvlidae 3
ItchMite........................ Sarcoptes scabiei 3
Black widow apider................ Latrodectvs maclans 3
Food infesting mite................ Tyroglyphvs spp ‘%
Clovermite............. ........ Bryobta praetiosa 3
Chicken mite..................... Dermanyssvs gallinae A
Termites and Wood Borers. .. Subterranean termite.............. Reticulitermes spp §
Dry-wood termite. . ............... Kalotermes spp %
Old house borer. .................. Hylotrupes bajulus i
Flatoak borer. . .................. Smodicym cucujiformae 3
Tvory-marked beetle. . ............ Eburic quadrigeminala 2
Cyctus beetles. . .................. Lyctus spp %
Fumiture beetles.................. Anobium punctalum 3
Denth watch beetle................ Xeatobium rufovillosum 3
Wharfborer. ..................... Nacerda melanvra 4
Rotfungi......................... Merulius spp 3
Building poria fungi............... Poria incrassala 2
3-25 3
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TABLE 3-2 {continued). IMPORTANT PESTS AT MILITARY INSTALLATIONS (Ref. 36)

: Pest Common name Scientific name
3 Cockroaches................ German cockroach................. Blatiela germanica
. American cockrouwch. . ............. Periplaneta americana
. Oriental cockroach............ .... Blatta ortentalis
A Brown-banded roach............... Supella supellectilium
3 Brown cockroach.................. Periplaneia brunnea
9 Woodroach...................... LPurcoblatia spp
% Ants....oiii Argentineant..................... Iridomyrmex humilis
3 Red harvester ant................. Pogonomyrmex barbalus
3 Carpenterant......... .......... Camponolvs spp
s Odorous house ant................. Taptnoma sessile
3 Pharaohant......... ............ Monoriorivm pharaonis
3 Thiefant......................... Solenopsis molesiz
r Fireant.... ..................... Solenopsis saevissima
g Stinging Insects... .. ..... Yellow jackets. ................... Vespula spp
Polistes wasps . ... ............... Polistes spp
Stored-Product Insects....... Cadelle........................... Tenebroides mauritanicus
Black carpet beetle.......... ..... Allagenus picevs
Confused flour beetle. . ............ Tribolivm confusum
Red flour beetle................... Tribolium castaneum
Saw-toothed grain beetle........... Qryzaepnilus surinamensis
Indian meal moth. ... ............ Plodia “nterpunctella
Mediterranean flour moth.......... Ephestia kukniella
Casemaking clothes moth........... Tinca pellionella
Webbing clothes moth. ............ Tinecia biseelliella
£ Silverfish......................... Lepisma eaccharina
; Broadbean weevil .. ............... Bruchus rufimanys
: Peaweevil........................ Bruchus pisorum
4 Riceweevil....................... Sitophilus oryza
Larder beetle. .................... Dermestes lardarius
Hide heetle....................... Dermestes maculatvs
Red-legged ham beetle. ........... Necrobia rufipes
Cabinet beetle. ................... T rogoderma inclusum
Cheese skipper.................... Piophila cases
Powder-post beetle. . .............. Lyctus planicollis :
Carpet beetle. .................... Allagenus piceus ‘a
House cricket..................... Acheta domesiica 3
Firebrat......................... Thermobia domestica .
Book louse. ..............oooiuet Liposcelis divinatorius 3
Grainmite ....................... Acarus siro E
Spider beetles..................... Ptinus spp
Cigarette beetle. .................. Lasioderma serricorne
Pests of Turf and Grasses. ... Japanese beetle................... Popillia japonica
Green June beetle. . ............... Colinus nitida
Carolina grasshopper............... Digsosteria carolina
Differer:tial grasshopper............ Melanoplus differentialis
Red-legzed grasshopper........... . Melanoplus femur-rubrum
Long-winged grasshopper........... Dissosteira longipennis
Southern mole cricket.............. Scapteriscus acletus
Armyworm. ........coovvennnnnnns Pseudaletia unipuncla
Chinchbug....................... Blissus spp
Nematodes. ...............oovvtnn Heterodera spp
Rhodes grass scale.............. ... Anlonina graminis

3-26

EABABT L, R s ST OhE b & 5,



i~

PN B0 T

S RS Ly s

TR T Sk

# TR LT

TR T DA

T
18 Tt AU T Al A e T S

TR

PR

o

. et L T

£ B TN F VI A ey IS VENEETRNET .ﬁWé!&m%ﬁ?ﬁ‘WﬁaWﬁﬂ@%

*WWJ
y

AMCP 7068-115
TABLE 35-2 (continued). IMPORTANT PESTS AT MILITARY INSTALLATIONS (Ref, 36)
Pest Common name Scientific name
Insects Damaging Schrube,
Shade 7T ceee, and
Forested Areas. ........... Plantlouse....................... Aphis
Locustborer...................... egacy robiniae
Twigborer....................... Saperda spp
Twiggirdier. ..................... Oncideres spp
I;Jl':gnw bark beetle................... gmm spp o
(7o ++ VA hyridopteryz ephemeraeformis
Tent caterpillar. .................. Malacosoma spp.
San JoseScule. ................... Aqsvpidiotus perniciosvs
Euonymusscale................... Usaspie evonymi
Box wood leaf miner............... Nonarthropaipus buzs
Pineshoot moth..... ............. Rhyacionia buoliana
Thrips...........coovviviniinenn. Liothripe umbripennis
Plantbugs........................ (s 5pp
17 TR Kermes
shellscale.................. Lomdomplm ulmi
ealybugs....................... Paeudococcus spp
Redspider........................ Tetranychus tpp
Whitefly......................... Trialeurodes spp
Leafhopper. ..................... siphium epp
Nematodes....................... Xiphinema spp .
Kots, Mice, Field Rodents
and Predatory Animals. .... Norwayrmat...................... Rattus rorvegicus
Roofrat...........c.coivvinnnnn. Rattus ra..us rattue,
Ratius ratlus alezandrinus
Meadow mouse. .................. Microtva spp
Housemouse..................... Mus epp
Ground squirrel................... stellvs spp
White-footed mouse. .. ............ FPeromyascvs spp
Pinemouse....................... Pityms spp
Prairiedog........................ Cynomys spp
Pocket gopher .................... Geomus spp
Cratogeoriys spp
Thomomys spp
Westernmole..................... Scapanvs spp
Easternmole..................... Scag;:u spp
Bats..........oooiiiiiiiiiiii, Lastvrus spp
Skunks.................... ... Mephitis spp
Coyote.........coiviivnnninannnn, Canis latrans
\élootodchuch ...................... glarmola spp
tonrats. ..................... igmodon
Packrats......................... Neoloma .;:’iop
Kangaroorats.................... Dipodomys spp
Pocket mice...................... srognathus spp
Jackrabbit....................... Ve spp
3-27
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Figure 3-13. Termite Attack on Structural Lumber (Ref. 36)
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(4) Carpet beetles attack materials contain-
ing animal products including fur, silk, wood,
jeather, feathers, mect, and milk solids. The
larvae of these insects do the damage. They
arc comimon pests in dwellings, industrial
plants, and warehouses (Ref. 36).

(5) Silverfish and fire brats, orimitive in-
sects flourishing at high ambient temperatures
and relative humidities, travel a considerable
distance to find their food, carbohydrates and
protein. These insects are particularly destruc-
tive of paper products and often destroy
books. They also attack cotion and are fond
of linen and rayon, particularly those con-
taining siarch (Ref. 38).

(6) Ants are the most abundant of living
creatures and a variety of species exists. Ants
have a varied diet but are particularly fond of
most of the same foods that man eats. The
presence of ants on exposcd rations often
renders them unfit for human consumption.
Ants also create a heaith problem, and their
presence in opuildings and equipment often
causes difficulties. Argentine ants, found in
the Southern United States, will bitc people
and cause much discomfort. Harvester ants
have vicious stings and often cause indirect
damage to roads and airplane runways by
destroying soil-binding vegetation. Carpenter
ants invade wooden buidings and can ulti-
mately cause much destruction of the struc-
ture (Ref. 36).

(7} Marine vorers cause teomendous dam-
age throughout the world by atiacking the
timbers of unprotected piers (see Fig. 3-14)
and vessels in imimense numbers and nddiing
them to such an extent that they become
worthless in a surprisisgly short time. Some
watine structures have been destroved by
maring borers in lcss than | yr. Marice berers
consist of two distinct groups: the molhiscarn
and the crustzcean borers. The former, some-

times called shipwornz, are more destructive
(Ref. 39).
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(8} Rats, mice, and other members of the
redent family constitute an environmental
factor that, at times, has played an important
role in world history and military operations.
The major harmful effect of rodents has been
the transmission of disease, but large quanti-
ties of materiel have been destroyed by their
activities. The Ncrway or ground rat is the
most common roaent species, but black rats,
inice, and other rodents dominate in some
localitics. The importance of the rodents
results from their prodigious appetites and
their never-ending search for food to satisfy
these appetites. This search usually leads them
to inhabited areas and, when adequate foou
supplies are found, their population increases
rapidly. Evidences of rat and mouse infesta-
tion are droppings. runways, tracks. and
gnawings. Their populaticn is greatest in
eastern and southeastern Asia where they
originated, but they have spread throughout
the world from the tropics to the arctic
regions and no doubt have the widest distribu-
von of any mammal cxcept man. In their
efforts to obtain food, rats chew their way
through packing cases, plastic containers, and
other barriers, ruining stored materials in
addition to the food that they seek. Plague is
the bacterial (isease most commonly associ-
ated with ra ., but other diseases are carried
with equal facility. Diract attack on human
beings 1s fairly common (Ref. 36).

(9) Rirds are attractive and uscful contrib-
uters to the environment in which man lives,
but they carry discases and insects, create
hazards for aircraft, create dirt and noise
nuisances. contaminate food, deterinrate
equipment, and destroy crops. Militarily. their
most important sffect is probably their haz-
ard for aircraft. Airliners have crashed after
nussintg through fincks of sterlings, and the
pido? of a jet trainer was killed as a result cf a
collisicn with a snow goose. Each year a large
number of aircraft-bird mishaps are recorded
with much costly damage resulting. The solu-
tion to bird protiems has often been to
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remove the particular attraction that an area
has for the birds. Other more direct methods
of removing bird populations have been only
partially successful (Ref. 40).

(10) Vegetation is included in discussion
of both terrain and macsobiological orga-
nisms. With respect to teirain, vegetation is
considered as a physical feature of the Jand-
scape. inhibiting mebility and. at times, pro-
viding concealment or impeding visibility.
Vegetation, as a macro-organism, creates ef-
fects on materiel through its harboring of
microbiological organisms, its altering of me-
teorological conditions, its direct damage by
thorns and spines, its contribution to fire
hazards. and, at times, by its toxicity.

The distribution of the various classes of
vegetation over the earth is determined by
temperatures., soils. and rainfall. These factors
have created reasonably well-defined forests,
grasslands, tundra, and other regions charac-
terized by some specific type of vegetation
(Ref. 6).

3-14 MICROBIOLOGICAL ORGANISMS

Microbiological organisms (or microbes)
constitute a more important environmental
factor relative to material degradation than is
recognized by the average design enginecer.
The design cngineer may accept rot, decay,
corrosion, and other microbiological deterio-
ration processes without recognizing their
causes or adopting optimal preveantive mea-
surcs. The degradative mechanisms associated
with microbes are related closely to-often
indistinguishable trom-—similar mechanioms
discussed in other chapters of this handbook.
Humidity, temperature, salt, solar radiation,
and macrobiological organisms are factors
that influence, accompany. or contribute to
microbiological degradation processes (Ref.
10

Microbes include bacteria, fungi, and other
species. Bacteria are without chlorophy!l and
are present in soil. water, air, animals, and
plants. Bactenia can survive wide extren s in

ok B2 Bk kTR TR - e

the environment including boiling water, com-
plete desiccation, or & vacuum. Fungi are
plants without leaves, stems. or roots and
include such well-known species as mush-
rooms, yeast. and molds. Fungi reproduce
through generation of spores that are readily
disseminated in nature and are oresent in
virtually «ll cenvironments. The growth and
nourishment of microbes, since they are
universally present, depend upon the avail-
ability of moisture and food under suitable
environmental conditions rather than on the
confirmed presence of a species.

The products of living microbial, plant. or
animal cells do not accumulate on carth duc
to the ability of microbes to biodegrade and
mineralize ali components of living cells. The
fact that the biological productivity of the
oceans—about 30 billion metric tors per
year-- is biodegraded without any significant
accumulation gives some idea of the numbers
and biodegradative capacitics of microbes,
These organisms constitute an cstimated 50
percent of all of the living material on the
carth. Every gram of fertile soil contains
between 10% and 107 microbes (Ref. 41

The ubiquity of microbes and their me-
tabolic versatility suggest that few materials
are resistant to some form of attack or
alteration by micrebes. Examples of such
attack include damage to concrete, bricks,
electrical materials, glass, optical equipment,
photographic products, fats, oils, waxes,
minerals, metals, paints. petroleum fuels. oils.
greases, asphalt, plastics, rubber, resins, sew-
age sludge. wool, linen, cotton. synthetic
te ctiles, wood pulp, paper. and cork. The
general types of miicrobial damage to mate-
rials arc as follows (Refs. 42.43:

(1) Corrosion of metal surfaces. destruc-
tion of insulation on electrical wires, and
deterioration of some lubricants result from
microbial action.

(2) Microbes cat cellulosic materials and

decompose foodstulfs. Fungal growth on lum-
ber is shown in Fig. 3-15.

3-31

PEAP TN EER SNUP S PO SONCIPL Ry B, TORUELIC P SRVRg OO S S L 3

Shasre

N\
4
<
H
E}
3
H
¥
14
3
i
Z
5
Z
4
H
j
4
M
3
3
H
3




St el IR TR 20 LT R PT  TO R Y UL s 0 M TR
- s QT W T "”*'”‘“;?*7'w-,w:rrmwrt;w‘”,:»?W)l,“v'ﬁh"lﬁr‘!"&"iﬁfg?ﬂ?’l"a s T TN N SIS TR T AR IO SRS TATR ETTR 2
I T VST A s QA T T RN I e .
)

E
[

AMCP 706-115

SA

X

5 At duer A YA et BT H L S o S

%
e
o
X ,
v
i
e
4
3
-; A
‘ b
E <
: i
; 3
: 2
: J
‘ :
{ H
i
H
4
: ®
Ef |
3
: :
F .
3
L |
] :
N
< H
( H
i
H

XL

o

TE

™,

Gl A, AR

Figure 3-15. Fungous Attack on Lumber {Ref, 35)
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{3) Excretory preducts including organic
and inorganic acids produccd by microbes
corrode iron and attack many other materials.

(4) Mechanical mechanisms and pipes are
clogged by growth of bacterial colonies: a
specific example is the blocking of fuel lines

by hydrocarbon-utilizing microbes in fucel
tanks.

The destructive effects that microbes have
on materiel is the composite result of a great
number of environmental factors. Matericl
degradation is dependent on the accessibility
of the material to attack and on the environ-
mental and nutritional factors that ¢xist. The
prime factors necessary for microbes include:

(1) A compatible temperature. Various mi-
crobes grow and flourish in fairly narrow

temperature ranges although they survive ex-
tremes.

(2) Light. Light is nccessary for some
microbes to grow and flourish but ultraviolet
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light is lethal to all such microbes; however,
fungi do not require light.

(3) Oxygen. Oxygen is very necessary for
the growth of fungi, and most other microbes

grow better with oxygen, although it will kill
sonie species.

(4Y Water. If the moisture content of a
material is less than 10 percent and no

moisture is available from othcer sources, little
growth of microbes will oceur.

(5) Acceptable  acidity. Some microbes
grow over a relatively wide range of acidity,
although optimal levels of acidity or aikalinity
prevail for particular specics.

(6) Nurriticnal factors. Like all living or-
ganisms, microbes reguire copious supplies of
the basic building block elemients such as
carbon, hydrogen, oxygen, and others as well
as trace amounts of a varicty of other
chemicals in order to survive,
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CHAPTER 4

INDUCED ENVIRONMENTAL FACTORS

4-1 INTRODUCTION

Induced eavironmental factors include
those for which man'’s activities constitute the
major contribnation insofar as their effects on
materiel are conccrned. it is notable that the
importance of every one of the natural
environmental factors may be altecred by man
and, in fact, often is when protection is
provided. Thosc regions of the environment
within modern buildings are altnost com-
pletely controllea by man, for example. In
similar fashion, the induced environmental
factors are influenced and, at times, domi-
nated by ratural forces.

The environmental factors discussed in
Chap. 3, *“‘Natural Environmental Factors”,
include those of primarily natural origin. The
induced factors discussed in this chapter
complete the compilation of factors that are
required to describe the environment. They
are tabulated in Table 4-1.

Since these induced factors are derived
from man’s activities, they may be controlled
tc any extent deemed necessary and practical.
The following discussion is intended to pro-
vide a perspective on the induced factors.
Detailed information is provia=d in Part Three
of the Environmental Series oi Engincering
Design Handbooks. In addition, an attempt is
made to relate each factor to other environ-
mental factors with which it has a strong
interaction, to assess its importance, and to

ascertain arcas where the facior is of impor-
tance.

4-2 ATMOSPHERIC POLLUTANTS

Atmospheric pollutants are an jinduced
environmental factor that is receiving in-

creased attention because of the growth in
pollutant concentrations and because of their
adverse effects upon the overall quality of the
environment. These adverse effects are related
more closely to human heslth and environ-
mental quelity than to effects on materiel.
However, it is wcll documented that the
effects of air pollutants on materiel are of
considerable economic importance to the
civilian economy (Refs. 1,2). These effects are
more pronounced if materiel is in the prox-
imity of industrial activity or dense popula-
tion centers. Certair military operations are
also sources of air pollutants and the environ-
ment in the vicinity of such sources exhibits
those same chaiacteristics found in urban
areas.

The important pollutants are listed in Table

2 along with their approximate concentra-
tion ranges. The lowest concentrations are
found in regions remote from habitation
while the higher extremes are associated with
a high levei of human activity.

The atmospheric poliutants of most im-
portance include sulfur dioxide, carbon mon-
oxide, hydrocarbons, and particulates. Sulfur
pollutants, which are primarily derived from
the combustion of fossil fuels, are responsibie
for a significant fraction of air pollution
problems because of the chemical activity of
these compounds in the atmosphere. Carbon
I anoxide is more abundant and more widely
distributed than any other air pollutant and is
the most important effijuent from the internal
combustion engine. Hydrocarbon gases in the
atmospiiere are important because of their
high concentrations and because ihey are
precursors of photochemical oxidants that
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; TABLE 41

] CLASSIFICATION OF INDUCED ENVIRONMENTAL FACTORS

{ Contaminants

3 Air pollutants

3 Sand and dust

3 Mechanical factors

; Vibration

; Shock

¥ Acceleration

1 Radiated energy

: Acoustics

3 Electromagnetic radiation
Nuclear radiation
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TABLE 4-2

ATMOSPHERIC POLLUTANTS (Ref. 1)

Pollutant Typical concentration range

Sulfur dioxide 0.005- 2 ppm
Hydrogen sulfide 0.001- 0.0C3 ppm
Nitric oxide 0.01 - 0.4 ppm
Nitrogen dioxide 0.02 - 0.3 ppm
Carbon monoxide 0.1 -100 ppm
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;

3 Hydrocarbons 0.1 - 4C ppm ;
y Particulates 0 -200 pg m-2 :
;
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produce damaging effects. Atmospheric par-
ticulates are the most obvious of the atmo-
spheric pollutants and include both inert
particies with only a soiling effect and partic-
ulates with active chemical properties.

The effects of air pollutants on materials
are observed primarily on surfaces where they
may cause corrosion. discoloration, leaching,
and similar effects. Pollutants also contribute
to the deterioration of textiles, paper, dyes,
and rubber products. Often, the effects of
atinospberic pollutants are such as to acceler-
ate deterioration processes that are associated
with natura! environmental factors such as
solar radigtion, humidity, temperature, micro-
biologice. organisms, and ozone. Patterns of
deterioration have been associated with in-
creased coacentrations of pollutants in the
vicinity of specific sources and with specific
air pollution incidents. Several examnples of air
pollution damage to materials are shown in
Fig. 4-1.

4-3 SAND AND DUST

An airborne sand and dust environment is
associated most often with the hot-dry re-
gions of the earth but also occurs seasonally
in other regions. Naturally occurring sand and
dust storms are an important factor but, with
the increased mechanization of military oper-
atjons, these causc less of a problem than does
sand and dust associated with man’s activities.
Thus. the most important imipact of sand and
dust on materiel is as an induced environ-
mental factor rather thun as a natumally
occurring factor (Refs. 3.4).

The parameters of sand and dust environ-
ments of intercst to materiel designers include
the concentratior, particle size, size distribu-
tion. particic shape. and the composition and
hardness of the particles. The normal concen-
tration range of sand and dust particles is
from micrograms to milligrams per cubic foot
and the particle diamcters are on the order of
I to 150 pm. Larger size particles scttie
rapidly from the air while smaller diameter
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particles cotaprise a small percentage by
weight of the total dust in the atmosphere.
Shapes of sand and dust particles may vary
from irregular jagged shapes to weltrounded
smooth spheres. Silica comprises by far the
bulk of the constituents of dust although
smaller quantities of aluminum oxide and
other metallic oxides are present in varying
amounts depending upon the origin of the
airborne particles (Refs, 5,6).

The adverse effects of sand and dust
dep2nd considerably upon the nature of the
materiel they contact. When carried by the
wind, sand and dust will abrade metailic
surfaces, penetrate seals, and causc a variety
of damage to equipment. Ci.omically, sand
and dust particles may cause either acid or
alkaline reactions in the presence of moisiure,
thus producing corrosion. All such damage
can be classified as either abrasion, clogging
and blocking, or corrosion. Readily apparent
effects of sand and dust may be observed in
the erosion of telephone poles in desert areas,
the pitting of automobile windshields, the
pitting of the surfaces of electrical insulators,
and the soiiing of exposed materiel. For
example, it has been observed that helicopter
rotorblades with wooden icading edges are
severely worn after 20 min of hovering in
dust-laden air (Ref. 7). Gas turbine engines
have oeen destroyed by 15 hr of operation in
dusty areas (Ref. 8).

The importance of airborne sand and dust
as a detrimental, induced environmental fac-
tor varies considerably with circumstances.
Off-road operations in dry regions are most
damaging. Fig. 4-2 shows a typical vehicle-
created dust cloud on an unpaved road. In
urbanized areas, where the roads are paved,
airborne sand and dust are more of a nuisance
than a hazard for materiel. Materiel designers
therefore must be aleri to those circumstances
in which sand and dust will be an important
factor in the performance of materiel and
take such precautions as are necessary when
exposure would be expected to create prob-
lems.
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Figure 4-1. Material Attac' by Air Pollutants (Fhotograph:
courtesy of Environmental Protection Agency)
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(B) Electrical insulator

Figure 4-1 (continued). Material Attack by Air Pollutants (Photograph
courtesy of Environmental Protaction Agency)
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44 VIBRATION, SHOCK, AND ACCEL-
ERATION

Vibration, shock, and acceleration are in-
duced environmental factors that interact
with materiel through application of various
types of mechanical forces. These factors have
many similarities but are sufficiently unique
in their characteristics and effects to warrant
the separate consideration given them in Part
Three of this handbook series. Vibration is a
Guzsi-continuous oscillatory motion or force;
shock is a short duration impact type of force
or motion; and acceleration, while Jdefined as
the rate of change of velocity, is used to
describe those forces acting on materiel as 2
result of a changing velocity and slowly
varying with respect to time when compared
to vibration or shock. These three induced
environmental factors are described most of-
ten in terms of their motion parameters; i.c.,
the time dependencies of their velocity or
acceleration (Ref. 9).

Natural manifestations of vibration, shock,
and acceleration are sometimes important.
Earthquakes, glacial activity, rock slides, and
severe windstorms produce vibration and
shock. The wave motion of the ocean pro-
duces a common form of low frequency
vibsatory motion. Hailstorms constitute an-
other form of natural shock phenomena, and
the aimost constant force exerted by gravity
is the most prevalent form of acceleration.
However, these various natural mechanical
forces are relatively unimportant in their
effects on materie! when compared to similar
forces that result from man’s activities. Only
in the rarely occurring catastrophic natural
phenomenon is this situation reversed.

In considering the effects of vibration,
shock, and acceleration on materiel, exposure
may be categorized into two distinct cate-
gories, The first category is exposure to
sometimes severe vibration, shock, and accel-
eration forces during normal operational use
while the second category of exposure is that
incidental to normal application of the mate-
riel. In the first category, materiel usually is
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designed to survive the environmental stresses
adequately. This applies to materiel employed
in close proximity to guns, that used in the
severe environment of iracked vehicles, or
materiel that is a component of any vehicle.

The mechanical {orces associated with the
transportation and handling environment con-
stitute the greatest stress on materiel in
incidental exposure. All materiel, whether
designed to survive a severe vibration, shock,
or acceleration environment or not, must
survive the transportztion and handling en-
vironment. This envircnment produces the
most materiel damage that can be associated

with the mechanically induced environmental
factors.

Rational design and test of material and
equipment (o insure survival in transit require
that the salient shock and vibration condi-
tions be identified and expressed in suitable
engineering parameters. Where design require-
ments thus imposed are incompatible eco-
nomically or technically with end function,
protective packaging must bc employed to
bridge the differential between environment

severity and equipiment or imaterial strength
(Ref. 1C).

Subjectively, it would not appear :. .“icult
to identify specific sources of wi'- .uon,
shock, and acceleration in the enviro.ament;
however, the shock and vibration aspect of
transportation differs substantially from other
environmental factors in that loads encoun-
tered by equipment in transit are not prede-
termined uniquely but result from interaction
of the shipped item and the transportation
equipment. An additional consideration is
that, while shock and vibration may seem
significantly different phenomena, in practice
their scparation may be difficult and may
require arbitrary criteria for differentiation.
At other times, classification of the different
mec™anical stresses is accomplished readily.

Thus, when a truck traverses a generally
smooth road and strikes an isolated chuck-
hole, the truck and its contents are obviously
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subject to shock. The disturbance is transient,
and the free vibrations of the truck and its
cargo decay as the shock energy is dissipated.
An accidenta! drop of a container or package
onto 2n unyielding surface is a similarly
discontinuous phenomenon, inducing severe
transient vibration of the packaged item in
the absence of protective cushioning. Addi-
tional typical examples of shock in trans-
portation are the humping (forcible coupling)
of rail cars, airdropping, and hard landing of
aircraft. In-transit disturbances obviously sat-
isfying the “continuous™ criteria for vibration
are the pulsating forces transmitted to air-
frame and cargo by aircraft engines, both
turbojet (compressor and turbine) and recip-
rocating (crankshaft and propeller). Vibration
induced in a truck traveling a coarse gravel
road, while clearly continuous, would not be
periodically repetitive, however, since the
roadbed discontinuities generally would be of
unequal size and spacing. If the road had
deveioped a *“‘washboard” surface, a periodic
vibration may be introduced (Ref. 11).

Application of engineering disciplines to
design of shock- and vibration-resistant equip-
ment and packaging requires that the specific
hazards be rot only identified and classified
but also quantified. Extensive measurement
programs have accordingly been conducted
under Government and industry sponsorship

to quantify typical shock and vibration ex-
citation.

Transportation shocks most frequently are
described in the literature in terms of acceler-
ation versus time or a specific total velocity
change, while vibration conditions normaily
are reported in terms of motion amplitudes
(usually acceleration or displacement) versus
frequency, although mecasurement is made
against a time base, as in the case of shock.
Thus, an additional siep in data reduction
that is rarely perfornied for shock is routinely
performed for vibration. The unfortunate
inference is created that shock is intrinsically
“differcnt” and more simple. Actualiy, shock
transients may be cqually and aptly expressed
in terms of an acceleration versus frequency

4-10

spectrum, aithough the transposition is gen-
erally more tedious and requires more elab-
orate equipment for instrumecnatal analysis.

Expression of both shock and vibration in
terms of amplitude versus frequency spectra is
advantageous, p. imarily because of resonance
phenomena, a universal aspect of dynamic
structural response. Briefly, the resonance
phenomena are associated with an extremely
wide variation in structural response as a
function of the frequency of the forcing
function. At forcing frequencies, where iner-
tial and elastic forces cancel each other, the
structural response is exaggerated and its
damage susceptibility is high.

These aspects of shock excitation some-
times are combined in a single presentation
because shock transients can be defined in
terms of a continuous frequency spectrum,
and structural response is frequency related.
Shock transients thus are expressed in terms
of the maximum motion response of an
idealized resonator to the pulse as its fre-
quency of resonance is varied across the
frequency range of interest.

The wide variation in structural responsc to
dynamic forces as a function of frequency is
also reflected in the manner in which struc-
tures load the source of dynamic energy. The
“motional impedance” of the structure at the
point of loading similarly varies widely with
frequency. The common specification of
dynamic excitation in motional parameters
alone effectively implies that the “sources” of
the dynamic lcading have *infiaite” material
impedance; i.e., that their motion while im-
parting energy is totaily unaffected by the
loading structure itself. The limited validity of
this convention in many applications is recog-
nized increasingly in efforts to define shock
and vibration in terms of force parameters, or

to supplemeiit motjon data with motional
impedance measurenient.

A common form of shock phenomenon
associated with military operations 1s the
sheck wave that accompanies the detonation
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mitigation of such effects. All of these efforts,
however, only serve to reduce the incidents of
materiel failures attributed to vibration,
shock, or acccleration. These still constitute
major environmental stresses and warrant
continued emphasis by design engin=ers.

45 ACOUSTICS

Inclusion of acoustics 27 an important
induced environmental fa~cor resules from an
increasing awarcness of its importance to
matericl design ergneers. The acoustical as-
pects of the er.vironment are related clesely
to vibratior out, in this case, the concem is
only wit!t those vibratory sxcitations trans-

I PPt e s P TX o
s . -

and methods for hearing protection are avail-
able. The constantly changing magnitude and
spectrum of acoustical cnergy produced by
modern materiel warrants increased emphasis
on the acoustical factor in the environment
by design engineers.

46 ELECTROMAGNETIC RADIATION

Electromagnetic radiation. a form of ener-
gy present everywhere in the environment, is
an increasingty ‘mportant environmental fac-
tor. This energy is in the form of varying
electromagnetic fields propagating throughout
the environment. The frequency of these
variations-the complete set being referred to
as the electromagnetic spectrum ranges over
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E
: of either chemical or nuclear explosives. The mitted through the atmosphere. Acoustical 3
shock wave associa.ed with nuclear weapons energy can interact with materiet so as to E
¢ is most important, of course, because the cause deterioration; more importantly, acous- 3
3 magnitude of all of the shock parameters are tical energy-as noise—interferes with com- 3
y much greater than for other detonations. A munications and alsc constitutes a hazard to i
; shock or blast wave produces large transient personnel. The primary concerns of the design ‘
1 forces on materiel in its path. Analysis of engineer with respect to the acuustical factor i
A effects normally is accomplished by treating in the environment are to minimize the d
s materiel structures as rigid bodies in de- generation of noice or sound by materiel and :
% scribing the shock wave in terms of the peak to provide for the protection of personnel §
3 overpressure, the overpressure impulse, shock from the effects of noise (Ref. 14). i
4 velocity, its rise time, its decay characteristics, !
4 and its duration. All of these depend upon the The mast severe sources of acoustical ener- i
‘ particular type of detonation producing the gy are gunfire and other explosive detona-
3 shock wave. Most effects depend on the tions. Machinery of various types-particu- ;
3 magnitude of the peak overpressure. If this larly vehicular propuision equipment--also
exceeds 0.5 1b in "2, a majority of structures constitutes an important source of noise. The
; will suffer damage. sound pressure levels in the vicinity of a
: rocket test site are shown in Fig. 45. The
) Vibration, shock, and acccleration are very effects of noise and blast on personnel are
3 important induced environmental factors con- quantified in terms of temporary and per- i
: stituting one of the major threats to the manent threshold shifts in hearing ability. :
~ proper operation of materiel. Much effort has Measurements have indicated that such deteri-
* gone into designing materiel that will survive oration in hearing ability is common in
E these stresses and into protecting materiel personnel exposed i severe noise envire” :
y through packaging. In Fig. 4-3, the protection ments. Personnel ~xhibiting hearing umnpair-
offered by one type of packing coatainer is ment are less able to detect low level sounds
3 being subjected to 1 rougn ride on a trailer. In and are less efficient in their speech reception :
Fig. 4-4, the complexity of the equations of capabilities (Ref. 15}.
3 motion of a tracked vehicle are illustrated,
1 and the vehicle is shown undergoing a test to Data on noise exposure limits, speech
3 check the validity of the model. Improve- interference criteria, and workspace noise
3 ments in transportation vehicles and handling criteria are available for application to design,
3 procedures also are major contributions to the

2 A e alt




T T ST T AL T I (30 UTAPERE R TR VR AN T T POV YOS T A A LR e e e

s _
(21 43y ) 49]181f paqg-el4 e uo siaureluo) Burddiys Bunsay ©-p ainbi4

|
|

, |
w
m

e ;

, m

; S

y Z Wy e e e m

] LAt e SR SO R S

i N

i ,m




L S L L o e R e e T e e A R AR S e A AR ol e bt e ST At d

pMiy

ARLT
AMCP 706-115
g

FETRITITE

i

i3)

f.

TP e LTI e K, PSRRI IR L ATTIN

n Testing of Tracked Vehicle (Re

=)
d o
t d e
: R g p
,.-w 0 = o H
“_ S o : .
: N o] m
g S & w
: ¥ 2
%)
- < =
o F S .m _\
: ©. 5 ,
,Q . m w
; w . |
; ~
N ¢
¢ : 8 W
e F -mo
k'
@
| £
¢ d
N
9

A S S ey ol At B S, S Tt urs e kB e 2 02 £ PR A e, Ll A3




v
'
)

A

R FER S e A S R NI A A T A AR T A A - 1 S8 ), Ya i £ iy
M PN ’ Y

-

:
,

o Vohe om

G

T

]

3
i

AMCP 706-115

S E R IR PTG R T TR I R W S I 9 Sl F T VSRS, N R e -y j
TIRERY d TP T Al 3T AT WA I T T T VAN S TS WTTY T T B AT e TR T O el TR A AN TT OGP ATARTRRT A IR M T By T S (TOR T et P . ‘

(91 *43y) 40104 19yI0Y 3bIET
40 1531 213€IS BULING SNOIUCT [3AIT 34NSSAld PUNCS G-y 34Nbl

7,

SHY3THO MaN
0JIX3W 40 4N9 a

NIVELYVYHILNOG
DV

.

1730617S

140d47INO 7
I, .~

S

sniooind Ko

414

oo .

k78 FY <k V) IR TNy

P Lt Syl o




g

(X-toa

RN AEUNIOE R0 w05 425 & A% s s Y 2t

TTIFSTR Y

EaICb I gar L s,

TANnEITT N RTE DA LT R T AT AT (e m e e oy
“’ CY R T vis RIS i B R R A o T T L W R AT YR T

25 orders of magnitude (Ref. 17). The ampli-
tude of these radiations and their char-
acteristics vary considerably within this fre-
quency ranie.

The most prevalent form of natural electro-
magnetic radiation is that associated with
Lightning (Ref. 18). It is estimated that
lightning strikes the earth about "0 times
each second, each stroke releasing 1a.. ~urits
of electromagnetic energy which encirc): the
globe. Most of this energy is concent-ated at
the low frequency end of the electr smagnetic
spectrum with the maximum power level
being concentrated at about 3 kHz. Addi-
tional natural electromagnetic energy reaches
the earth from the sun znd is found at the
very high frequency rezion of the spectrum.
The importance of solar energy is sufficient to
warrant considera’ion as a separate natural
environmenta!l {7 ctor.

Although natural clectroinagnetic energy
dominzie-, all other sources in the vicinity of a
lightnirg stroke, manmade electromagnetic
enerpy is of far greater importance when solar
enc¢gy is excluded. This rzsults not only from
». low probability of being in the immediate
vicinity of a lightning discharge but also to
the complex and sophisticated use to which
man is putting electromagnetic radiation. In
Figs. 46 and 4-7, clectromagnetic radiation
sources of the modern Army are showa.
Artificial eiectromagnetic radiators inchide
power distribution systems, a multitudsz of
uses in communications, and specialized de-
tection and analytical applications. The devel-
opment of lasers has introduced arnother
intense source of electromagnetic radiation
and, in military aoplications, the electro-
magnetic pulse associaied with n.clear weap-
on detonations is of considerab!e importance.

The characterization of the. electromagnetic
radiation factor in the environment is diffi-
cuit. Empirical measuremsnt of the radiation
is & compl:x task even for one point in space
and is almost impossitie on a synoptic basis.
Calculation of the electromagnetic radiation
at a point is also ‘ifficult unless one or two

ax - ¥y », 4 -
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well-charactes’zed sources are dominant. In
most cases, the practical approach is to be
aware of the nearby energy sources that will
contrisute significant power levels.

The production of a strong pulse of electro-
magnetic energy bv 2 nuclear weapon is not
surprising since even small detonations of
chemical explosives produce electromagnetic
signals. The two mechanisms by which elec-
tromagnetic pulses are produced in nuclear
explosions are:

(1) The creation of an asymmetrical charge
distribution in the detonation (the *“Comp-
ton-tlectron model’’)

+2) The rapid expansion of the conducting
plasma created by the explosion within the
magnestic field of the earth (the field displace-
ment model) (Ref. 20).

The first of these is the mechanism by
which electromagnetic pulse (EMP) is gener-
ated by nuclear detonations on or slightly
abeve the surface of the earth. In this model,
b’'gh energy protons resulting from the explo-
sion dislodge electrons from the atoms and
moljecules of the surrounding air. A large
quantity of these Compton electrons move
rapidiy away from the center of the burst in a
symmetrical fashion umnless some obstacle
exists. When the charge symmetry is de-
stroyed by the presence of a boundary such as
that of the earth, the net effect is to produce
un instantaneous pulse of current in one
direction which radiates electromagnetic en-
ergy just as it would if it were flowing in an
antenna. Because the charge plasma of the
nuclear fireball undergoes oscillations at char-
acteriviic frequencies, the radiated electro-
magnetic energy similarly oscillates.

The second mechanism, characteristic of
underground or very high altituae expiosions
where spherical symmetry is maintained, de-
pends on the immediate interaction of the
charged plasma created by the explosion with
the geomagnetic field of the earth.
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Figure 4-6. Mobile Tropospheric Scatter Antenna {Ref. 19}
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The EMP spectrum is similar to that
created by lightning with a maxinuiii energy
appearing at about 10 kHz but distributed
with smaller amplitudes throughout a broad
region of the frequency spectrum. EMP ener-
gy is of considerably greater magnitude than
that observed in lightning and extends over a
much larger area of the exrth. Despite the
similarities among EMP and lightning and
other strong sources of electromagnetic ener-
gy, it cannot be assumed that protective
measures coasistent with these other electro-
magnetic radiation sources wiil protect ma-
teriel from the effects of EMP. The rapid rise
time of the pulse associated with a nuclear
detonation and the strength of the resulting
pulse are unique (Ref. 21).

A variety of effects of clectromagnetic
radiation on materiel are known, probably a
number of effects are still unrecognized, and
there are some poorly understood effecte on
man. Of course, one of the most important
effects of electromagnetic radiation in the
environment is the interference it produces
for the usc of the clectromagnetic spectrum
{Ref. 22). Weli-known examples are called
radio interference and radar clutter. Another
important cffect in the military is the inter-
action of electromagnetic radiation with elec-
troexplosive devices used as detonators (Ref.
23). Military as well as civilian explosives are
provided with detonators that often depend
on heating a small bridge wire to initiate the
explosion. Absorbed electromagnetic radia-
tion can accidentally activate such fuzes.

Most electromagnetic effects on material
occur in close proximity to sources of large
energy. in such cases. overaeating and diclec-
tric breakdown can occur. Devices- partic-
ularly semiconductor devices can be dam-
aged permanently by relatively small clectro-
magnetic ficlds. Direct cffects of electro-
magnetic radiation on human beings are not
fully understood. It is accepted that certain
thermal cffects resulting from absorption of
enecrgy can be harmful, particularly to organs
such as the eycs. Some investigators believe
that additionzl effects result from  direct

4-18

" L aed T AT Riers LA Lt g 1]

interaction of electromagnetic waves with the
nervous system.

Protection against the effects of electro-
magnetic radiation has become a sophisticated
engineering ficid. The most direct approach to
protection is, in most cases, to avoid the
Iimited region in which high radiation levels
are found. When exposure cannot be avoided,
shielding and filtering are important pro-
tective measures. Ia other cases materiel
design changes or operating procedural

changes must be instituted in order to provide
protecticn.

4-7 NUCLEAR RADIATION

Although a natural background level of
nuclear radiation exists, the onlv nuclear
radiation that is of interest to design engineers
is that associated with manmade sources such
as reactors, isotope power sources, and nu-
clear weapons. The most importart of these
sources is nuclear weapons, the effects of
whick can produce both transient and per-
manent damaging effects in a variety of

materiel. A nuclear detonation is shown in
Fig. 4-8.

X rays, gamma rays, and neutrons are the
types of nuclear radiation of most concern.
As opposed to charged nuclear particles.
which also emanate from nuclear reactions,
those forms of radiation listed have long
ranges in the atmosphere: thus, they can

irradiate and damage a variety of military
materiel.

Among the nuclear effects that have heen
of most concern are those called “transient
radiation effects on electronics”. often
refurred to as TREE. These transient effects
are due primarily to the nonequilibrium-free
charged condition induced in materials pri-
marily by the jonization cffects of gamma
rays and X rays. The separation of transient
and permanent cffects is made on the basis of
the primary impertance of the radiation
effects. For example, a large current pulse
may be produced by ionizing radiatior. and
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Figure 4-8. Low Altitude Nuclear Detonation Showing Toroidal
Fireball and Dirt Cloud (Ref. 24)
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this current pulse may result in permanent
damage to a device by overheating, This is a
transient effect because the permanent da:n-
age results from overheating due to excess
current rather than to direct-radiation-in-
duced materiel property change. A large

Z RPN ed B RS LS
&W!Wm 7.
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R T T

terials and components makes protective de--
sign difficult. The procedure employed is to
define a radiation hardness level in a given

materiel item and to design and test the item
to that level.

u\n:«.md)x%.&k&%ﬁ}hsz‘w%g&yd

%
amount of information is available on specific %
electronic components, circuits, and hard- Nuclear radiation hardening is a large and E
ening methods. complex field with a variety of specialists %

required to deal with different aspects of the

it is impossible to completely protect problem. This subject is treated extensively in {
materiel items from nuclear radiation as can the Design Engineers’ Nuclear Effects Manucl :
be accomplished for some other environ- (Refs. 25-28) and only brieily in this Environ- §
mental factors. The variety of effects pro- mental Series of Engineering Design Hand-
duced by nuclear radiation for different ma- books. ’
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CHAPTER 5

COMBINED ENVIRONMENTAL FACTORS—-CLIMATES

5-1 INTRODUCTION

The discussion of natural and induced
environimental factors in Chaps. 3 and 4 is an
example of single-factor analysis wherein each
orf the environmental factors 1s considered
independently. The advantage of single-factor
analysis is that it aliows attention to be
focused on compartmented sets of informa-
tion and thus avoids the almost intractable
problem of considering all environmental
stresses on materiel simultancously. In the
actual materiel environment, hiowever. many
of the factors do cooceur. This chapter
concerned with identifying combinations of
environmental {actors that frequently are
observed and that are asscuuated by natural
coupling.

The fact that. mn a given region of the
environment, a number of environmental Yoe-
tors are working together to affect materiel
does not necessarily imply that all sucn
factors must be considered n every case In
the natural environment. for cxample. a set of
eavironmental factors 1s associated with cach
mdior type of climate. The envitonmental
factors associated with cimates orc Jiscussed
in subsequent paragraphs of this chapter In
those regions of the environment that are
subjest to control  ~.. inside structures the
number of enviromr. 4} factors that imust be
considered is very nwch reduced from that
found 1n most natural environments. Thus, in
spite of the fact that the consideration of
actual matericl environments may at st
seem to be overly complex becsuse of the
multiplicity of factors involved. in actual
circunistances the number of environmental
factors that are active 1s very much reduced
and may be discussed in a logical fashion. This
is ot to say that the environment is not
complex the interactions between factors

T e e e R T R L L A I Py Ay

take many forms and exert camplex stresses
on materiel and exert large influences on
materie! requirements.

'n their etfects on materiel. many environ-
mental factors act in corjunction or ip syn-
ergism. In the former case are found examples
of factors in pairs or in multiple combinations
that are characteristic of geographic regions or
other circumstances. Thus, high temperzture
and high humidity often cooccur as do high
temperature and airborne sand and dust.
Synergisms  create  factor combinations of
importance to materiel designers Two or
inore factors that act together to produce
effects that are more imporiant than the
separate effects of either constitute a synergis-
tic action. An example of u synergism is that
obtained with low temperatures and vibra-
tion. With this combination of fuctors, rubber
shock mounts that can survive either the
eatreme cold or severe vibrations readily are
destroyed by the combined actiun of these
two factors. Ir similar fashion the s pearance
of ore environmental factor may nhibit the
iction of another. High temperature inhibits
sohd precipitants and Jow temperature inhib-
its attack by microbiological organisms

Time s extremely important in the con-
sideration of the effects of environmental
tactors on matericl. Some factors produce
¢ffects rapidly and others require long periods
of exposure  The various combinations of
tactors to whiuch matenel is exposed change
with the seasons and with the time of day.
Some 1items of materie]l are designed for
repetitive use over lorg periods of time while
othiers are consumed in use and thus have a
short hife cycle. Tume iy included in the
vonsideration  of environmental effects by
catculat.on of duration of effect or duration
of sxposute, by probability of accurrence of a
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given etfect, or by cther time integration or
summation procedures.

The life cycle of a given item of materiel
includes time periods in which the item s ina
storage environment, a transportation envi-
ronment, or an operational environment.
Thiese time periods determine the degree of
exposure to which the materie]l item is sub-
jected to the envircnmental factors that are

active in those particular regions of the
environment.

In this chapter two categories of informa-
tion are introduced. The first of these involves
the cooccurrence and combsned effects of
various natural ard induced environmentdl
factors, and the second 15 concerned with
those combinaticns of environmental factors
characterizing specific chimatic wgions  Be-
cause climates represent a lung-term concern
for which rauch nformation has been aceu-
mulated, the preponderanye of this chapter ss
a catalog of climatic data based on the
classifications established in AR 70-3% (Ref
h.

5-2 MULTIFACTOR COMBINATIONS

Probable combinations of climatic. ter-
rain. and induced factors have received much
attention from climatsiogists, meteorologests,
geographers. and materiel design engineers
Combinations of factors are based on choiatic
categories effects on  matenals, and syn-
ergisms, end on funchionsl conditions ¢ x .

transportation. storage, or operationsl envi-
ronments.

Itoas ditficult to auantily objedtively the
effects that all combinastions of envirenmentai
factors may have on every item Depending
upon the detan with which 3t i uesired to
analyze both the envieonment and tuncthion of
an atem. herally hundreds ol thoesends ol
possibie combinations exist betweon the ef-
faets of the environment and the reaction of
at item under exnosure to this environment
Therefore. it is necessary that some rohiion-
ships be established beiween Jogieal combana-
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tiuns and the effect of these combinations on
common properties of materials. As an ¢xam-
ple. it is well recognized that many materials
exhibit increased rigidity and become mose
brittle as temperature is reduced. It is logical
to assume that they will become more sus-
ceptible to failure by shock and by vibration
under these conditions. Hence, the combina-
tion of the environmental factors of low
temperature, shock. and vibration is signifi-
cant. Similar examples could be presented
descriting many such distinct phenomena
related to the probability of cccurrence of
various environmental factors. Studies have
been made which have attempted to general-
ize such pheromena. It is emphasized, how-
ever, that these are generalizations and do not
apply necessarily to every equipment item.

The ocecurrence of environimental tactors in
combination with cach other is not as impor-
tant as their protable intensities and fre-
quencies. Certatn obvious conchisions can be
drawn {rom climatic data which serve to
wlentedy  normal combinations of environ-
mentdl factors occurnng in various regions of
the carth. ‘The purpose of considering com-
bined factors. however. goes beyond estab-
lshing frequency of occurrence of combina-
tons and levels of ntensity of individual
tactors. The primary purpose is to establish
whether or net these conditions will have an
effect on a given piece of equipment.

5-2.1 ENVIRONMENTAL FACTOR DE-
SCRIPTORS

All of e enviionmental factors ate
cavable of producing adverse effects on mate-
nel bui i most regions of the environment,
only a hmiwd number of factors actually
produce cilects because many lactors either
are absent trom that particular region of the
Cnvionment or are present in an intermediate
range where they have no aggmificant effects.
Assoctated with each of the factors are factors
that indicate the possible scversty of tnateriel
eftects As apphicd to a natural ¢~vironmental
tactor e, temperature the  descriptors
employe b are Jow. high, or intermediate. The
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first two descriptors would describe circum-
stances wheremn materied citects are important
but intermediate temperaiures would be less
important. The descriptors employed with
vibation, as an example of an induced factor,
would most likely be severe, moderate, or
none. With a number of factors, it is sufiicient
to note whether they are pres.© “r absent. In

Table S§-1. descriptors are i . o= ~ach of

the envircnmental factors.
5.2.2 TWO-FACTOR COMBINATIONS

Because of the frequency of their cooccir
rence or because they have been found to
affect adversely many items and materiel, a
number of important two-factor combina-
tions have been identified. One list of such
combinations, which restlted from a study of
combined cffects on materiel, is given in
Table 5-2. It may be noted that two environ-
mental factors, free moisture and explosive
atmospheres, are identified but are not in-
cluded in those discussed in this handbook.

A number of naturally occursing two-factor
combinations are not included n the tzbu-
lated hist. including wind and sand and dus’.
wind and salt spray. vibration and acoustics.,
and Jugh temperature and microbiological
organisms This probably resulted from the
nature of the materiel effects included in that
specific study. At the same time. some envi-
ronmental factors are independent of other
factors. Strong acoustic. ciectromagnetic, or
nuclear radiations are induced bv man’s activi-
ties and thus, are relativesy independent of
the other cenvironmentsi factors  although
their effects may be cither enhanced or
reduced through the action of another factor.

5-2.3 FUNCTIONAL COMBINATIONS

The tactor combinations cited o the pre-
ceding paragraph arz those frequently ob-
served fo cooceur. In par. 5-3. the various
factor comdbinations comprising natural cli-
mates are described In this paragraph. bricf
attention is given t- sictor corgbinations that
oceur as o result ¢t he task or function being
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performed. The factor combinations listed dv
not include ali such combinations or all
conceivable functions but are deemrd to
represent adequately the types of such combi-
nations possible.

From the examples of ccribinations of
environmental factors by aclivities given in
Table 5-3, it is apparent tha’ no more than 10
of the 2] environmenta) ‘actors are of impor-
tance in any given circv.nstance. During troop
movement by foot, fur example, acceleration
is not present, and slow-acting factors such as
~zone and microb,ological orgunisms are insig-
nificant. From the operational perspective,
environmenty. effects may be limited to a few
of the mo.e important factors. The design
engineer :nust consider all factors. however,
so that the materiel he is designing will not
have vndue limitations on sts applicability.

54 CLIMATES

The natural environnment is composed of a
large number of individual factors which
occur in multitudinous combinations in vari-
ous parts of the world. A number of environ-
mental factors are completely absent in some
regions and may occur only seasonally in
others. Awareness and recognition of the
common groups of natural environmental
factors. where they are likely to occur, and
their probai 'e quantitative hmits are neces-
sary for materiel design engineers. The classifi-
cation of climates into four broad types
which are tarther subdivided into eight -i-
matic categories s defined in AR 70-38 (Ref.
1). The buasis for this subdivision is the range
of temperatures and humidities typical of
different regions. The four imajor climatic
types are hot-dry, hot-wet, cold. and interme-
diate. The intermediate type of climate char-
acterizes most of the land regions of the earth
which do not experience 2xtreme conditions.
However, since the most important effects of
environmental factors on materiel relate to
extreme conditions, emphasis has been on the
hot-dry. hct-wet, and cold climatic types.
These often are referred to as desert, troprcal
and arctic environments, The characteristics

5-3
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TABLE §5-1

ENVIRONMENTAL FACTOR DESCRIPTORS

IR A

Factors

Descriptors

Jerrain
Topography
Hydrography
Vegetation

S TAMe L s b L i e S

Temperature
Humidity
Pressure

Solar radiation
Rain

TR TR P TR T o e e ©Y

TRET

Solid precipitation

Y

Fog

Wind

Salt

Ozone

Macrobiological organisms
{crobiological organisms

Atmospheric pcliutants

Sand and dust (airborne)

Vibration

Shock

Acceleration

Acoustics (radiation;

Electromagnetic radiation

Nuclear radiation

pCe T L R o T re i e AR

Mountainous, hilly, flat
Tundra or swamp, lakes, rivers, arid

Mature forests, mixed, brush, grasslands,
none

High, low, intermediate, changing, range
High, low, intermediate

High, low, intermediate, changing
Intense, weak, intermediate, none

Intense/frequent, moderate/occasional, light,
rare

Permanent snowcover, seasonal snowcover,
seasonal occurrence, none

Heavy/frequent, 1ight/occasional, none
Sevére, mdarate, light, none
Heavy, 1light

High, normal

Present, absent

Quiescent, active

Present (type), absent

Heavy, light, none

Severe, moderate, none
Strong, weak, none

Strong, weak, none

Loud, annoying, weak, or none
Strong, moderate, weak

Strong, moderate, background
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TABLE 6-2

TWO-FACTOR COMBINATIONS OF IMPORTANCE
TO MATERIEL {Ref. 2)

High temparature with Humidity

Free moisture
Low pressure

%
§
i
g
3
5
%
2
3
1
a
4
3

Salt spray F
Sunshine i
Sand and dust i
Vibration i
Shock H
Acceleration §
Low temperature with Humidity g
Free moisture %
Low pressure

Sand and dust %
Vibration 3
Shock E
. Humidity with Low pressure ]
- Sunshine :
g Vibration :
1 Ozone §
3 3
: E
3 Low pressure with Vibration E
: Explosive atmospheres 3
3 Sunshine with Sand and dust 5
z Vibration 3
3 0zone 3
Sand and dust with Vibration
Vibration with Acceleration
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TABLE 53 é

COMBINATIONS OF ENVIRONMENTAL FACTORS ASSOCIATED g

WITH VARIOUS ACTIVITIES 3

Function Significant factors g

Troop movement on foot Terrain, temperature, humidity, solar ra- E
diation, rain, solid precipitants, fog, i

wind, sand and dust ¥

3

Air transport of men Pressure, fog, wind, vibration, shock, §
and materiel acceleration §
Long-term storage of Temperature, humidity, salt, ozone, macro- :
materiel in warebhcuse biological organisms, microbiological §
organisms, pollutants }

Arctic ba~e operations Terrain, temperature, solar radiation, %
solid precipitants, fog, wind, pollu- i

tants, vibration {

Tropical air opera- Temperature, hunidity, solar radiation, %
tions rain, wind, salt, microbioicgical i
organisms, vibration 3
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of the intermediate climate are not considered
here because the factors operative in it are less
severe but are otherwise similar to those of
the extreme climates.

The diurnal extremes of temperature, solar
radiation, and relative humiditv for both
operational and storage/transit conditions are
tabulated for all eight climatic categories in
Table 1-3 of Chap. 1. “The Environment
Faced by the Military”. The subdivision of
chmatic types into climatic categories is tabu-
tated in Table 1-2. In Table 5-4, the relation-
ship between the 13 natural environmental
factor. z2nd the eight climatic categories is
indicated. This table serves to identify the
importance of each factor for cach category.
In Fig.1-1 the arcas of occurrence of the eight
climatic categories are given. In this same
figure are plotted diurnal temperature and
humidity cycles defined by AR 70-38 as
climatic requircments for design purposes.

The diurnal variations in temperature for
both operational and storage/transit condi-
tions are plotted for all eight climatic cate
gories in Fig. 5-1. It 1s important to not- that
these data represent a l-percent risk policy.
Materiel is not designed. developed, and
testea to withstand such climatic conditions
tiat more severe conditions are expecied to
oceur only l-percent of the time (hr) in the
most extreme month in the most extreme
parts of the appropriate areas. This 1-percent
risk policy is established to avoid the cost and
complexity of designing for the absolute
extreme conditions that might occur in an
area. Thus, the temperature Jata given in Fig.
5-1 and the humidity data given in Fig. 5-2 do
not represeni  averages, norms, or typical
diumai cycles for the defined climatic cate-
gories but an extreme diurnal cycle based on a
1-percent risk policy.

The paragraph: that follow describe the

principal climatic types.

3.1 HOT-DRY CLIMATE

Desert is often employed as a synonym for

- ” S Tk S Tt R S L
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hotdry climate although this is not com-
Jletely accurute. (A desert is defined as a
region that is generally vegetationless, rainless,
and desolate ) Since dese:t regions are defined
by a low precipitation level, the climate can
be cold. The hot-dry climate is characterized
by simultaneous occurrence of very high air
t.~oeratures, very low relative humidaties,
and intense solar radiation. There is no
necessity for subdividing this climatic type
into two catesories; thus, hot-dry is 2iso a
W -ic category. The hot-dry climate is
foo "4 in low latitude deserts which, as indi-
cated in Fig. 1-1, are found in northern
Africa, West Fakistan, anc India, a region on
the Arabian peninsuia arovid the Red Sea,
north central intzrior of Australia, and a smail
region in thz southwestern United States and
northerr: Mexico. Many other regions of the
earth: are dry and are classified as deserts but
ihese do not meet the combined criteria of
bigh temperature and low precipitation that
defines the hot-dry climatic type.

The hot deser: climate 1s characterized by
high incoming solar radiation, high outgoing
ground radiation. clear skies, low relative
humidity, large ranges of diurnal temperature,
and infrequent and irregular rainfall. Visibility
is generally good although it can be very
restricted during sandstorms or duststorms
and atmospheric shimmer. Mirages are not
unusual. These climatic conditions are unigque
to the desert only in that they occur over long
periods of time: it is noi uncommon for high
temperatures, radiation, etc. —characteristic of
-t deserts-to occur in the more humid
~nes for a few days during the summer
months. VYegetation in the desert is sparse
although certainly not completely lacking.
Woody sitrubs exist in almost all areas with
perhaps the singular exception of sand dunes
which cover a relatively small percentage of
the totai desert area. The terrain of the desert
varies widely from loose dune sands to stone-
and rock-strewn surfaces. and from playas and
flats to precipitous slopes and mountains.
Playas are dry lake beds which may {ill after a
rainstorm. Flash floods occasionally occur, so

that occupancy of dry washes should be
avoided.
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The desert of the Yuma, Ariz., drea is of
particular interest to the Army because this is
the locale in which the majority of Army
materiel s field tested and evaluated. A series
of reports comparing the Yuma climate with
other desert areas of the world has been
prepared and is very useful in evaluating or
estimating probable deleterious effects to be
expected in oiher deserts {Ref. 3).

5-3.1.1 TEMPERATURE

The highest ambient temperatures in the
world are experienced in the hot deserts. The
upper limit of high temperature defined in
AR 70-38 for operations in hot desert areas is
33°C (125°F). One source has estimated that
this temperature is exceeded approximately 2
percent of the time based on composite
temperature data {rom stations located in
Libya (Libyan Desert), Pakistan (Indian Des-
ert), Death Valley (Mojave Desert} (Ref. 4),
and Mali (Sahara Desert) (Ref. 5).

Temperatures of the hot desert commonly
exceed 38°C (100°F) daily. During the warm-
est month, large portions of northern Africa
and Saudi Arabia. for example, have a mean
daily maximum temperature exceeding 38°C
(100°F) on 95 percent of the days. Almost all
of northern Africa, the eastern part of Saudi
Arabia, the Mojave Desert, and the Gibson
Desert in Western Austratia have a mean daily
maximum temperature of 38°C (100°F) on at

least one-halt of the days during the warmest
month

Insofar as extremes are concerned, only
Death Valley in the United States* and 4n
area in northwestern Africa between latitudes
20 and 30 deg N. have temperatures equal or
greater than 49°C (120°F) from 2 to 8 days

*Because Death Valley ic below sea level, ~86 m (=282 f2),
there is an addwronal temperature nise due to the adiabaiic
heating of the air as 2 result of the normal lapse rate with a
change in elevation. As compared to the neatby Moju—2
Desert with an clevation of 610 to 915 m (2,000 10 3.000
ft), the temperature in Death Valley, with squal snsolation,
cousd be cxpect.d to tange 4 1o € deg C (7 to 10 deg ¥F)
higher as a result ¢f the lower elevation.

AMCP 706-116

during their warmest month. Southwestern
Algeria is the only area in the world reporting
temperatures above 28°C (100°F) more than
S0 percent of the total hours during the
warmest summer month. Conversely, stations
within this so-called hot spot--such as Reggar,
Bou-Bernous, and Aoulef, Algeria—reported
January average daily rmaximum and mini
mum temperatures of approximately 22°C
(72°F) and 6°C (43°F), respectively. Tem-
peraturcs at Yuma Proving Ground, Ariz.,
exceed 49°C (120°) on less than | percent of
the days; however, 29.9 days during July will
have a maximum temperature of greatar than
38°C (100°F). The mean maximum and mini-
mum temperatures for Yuma during De-
cember and January are approximately 20°C
(68°F) and 6°C (43°F), respectively, which
comapare quite closely with the temperatures
cited in Algeria.

It may be seen that rather extreme seasonal
variations exist between the summer and
winter temper-tures of the desert regions. The
extreme high temperatures in the Northern
Hemisphere generally occur in the season
from May through September. Some stations
in Libya and Algeria experience temperatures
exceeding 38°C (100°F) during some portion
of all months between April and October. and
a tew stations in Egypt (e.g., Aswan) report
average daily maximum temperatures in ex-
cess of 28°C (100°F) from March through
November. Theretore, temperatures in excess
of 38°C (100°F) can be expected most of the
year in many parts of northern Africa, during
the summer months in Yuma, and for approx-

imately 6 to 7 mo in tha hotter portions of
Arabiz along the eastern boundary.

‘The clear, cloudless skies characteristic of
the desert result in rapid nighttime radiation
and often a wide diurnal temperature range—
extremely wide in rare instances. Daily tem-
perature excursions average 14 to 25 deg C
(25 to 45 deg Fj, even 35 to 40 deg C (60 to
70 deg F). During the hot season. the lower
nighttime temperatures are a distinct relief by
contrast with the day, although \hey may not
be cool by any means. For example, daily
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maximum temperatures of over 38°C (100°F)
at Phoenix, Ariz., ate fcllowed by minimum
nighttime temperatures of 24°C (75°F),
which may be considered typical temperature
variations for hot desert areas. Wider ex-
tremes have been experienced, however, espe-
ciaily during low sun seasons. At Bir Milrha in
the Sahara, a minimum of —0.56°C (31°F)
and a maximum of 37.2°C (99°F) have been
recorded on the same day in December.
During this season, Jdays are still warm but
nights are distinctly chilly. Daily maximum
temperatures may average 16° to 21°C (60°
to 70°F). occasionally reaching 27°C (80°F).
Average minimum temperatures :n the area
are about 4°C (40°F) (Ref. 6).

5-3.1.2 SOLAR RADIATICN

Solar radiation at a locality is influenced
primarily by sun position (latitude and hour),
cloud cover. and atmospheric particulate mat-
ter. With clear skies the computed average
dailv solar energy reaching the surface of the
earth is a maximum of 570 ly* (2,100 Btu
ft? day™') at O deg idtitude, decreasing less
than 10 percent at latitude 30 deg N. (Ref. 7).
Between latitude 30 and 70 deg N., however,
it decreases ;uughly 10 percent for each
10-deg latitudinal interval. At Yuma during
the months of July and August at 5:30 a.m.
and at 8:30 p.m., total radiation including
both solar and 3Ky radiation is about 25
percent of maximum, which is almost 135 iy
{500 Btu ft’2 day!) (Ref. §). Between the
hours of approximately 11 a.m. and 3 p.m.,
radiation remains within 5 percent of maxi-
muin. the actual maximum occurring about
1:30 p.n. Cloud cover in desert areas is of
littie consequence, ranging between 0.1 and
0.3. somewhat gieater in winter than in
summer. Atmospheric moisture attenuates
radiation but usually not sigrificantly in hot
dry regions. Atimospheric sand and dust cause
scaltering and reflection, their occurrence and
effects varying considerably with air move-
ment and sand and dust storm characteristics
of the area. Table 5-5 portrays compuied

*1 \angley = 1 calem™?.
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annual average solar radiation at the ground
surface with normal cloud cover in various
latitudinal zones of the Norinern Hemisphere.

Insolation, or solar radiation received, in
hot-dry regions has severe indirect as well as
direct thermal effects. To those eftects on
personnel and materiel of simply high am-
bient air temperature must be added heat
absorption by direct exposure to solar radia-
tion. Similarly, because of solar radiation
effects, ground surface temperatures and air
temperaiures near the surface are consider-
ably higher than ambient temperatures nor-
mally reported, measured at 200 cm above
the ground. Ground surface temperatures as
much as 20.5 deg C (37 deg F) above those at
200-cm level are reported in studies at Yuma
(Ref. 8), and Tre..artha (Ref. 6) mentions
that temperatures may reach 90°C (194°F)
for dry ground in desert regions.

5-3.1.3 PRECIPITATION ANC MOISTURE

The most notable comment on precipita-
tion is that stated by Trewartha: “It is a
general rule, werthy of memorization, that
dependability of precipitation usually de-
creases with decreasing amount™ (Ref. 6). All
areas of the hot desert will receive precipita-
tion during some time period but 1t is highly
unreliable and occurs in 2 most sporadic nan-
ner. While most hot desert weather stations
record average znnual rainfalis from a few
miilimeters to as much as 30 ¢cm, 8§ to 10 ¢cm
is a more common figure. Average annual

recipitation figures have little meaning in the
desert except that they do give some indica-
tion cf the frequency of rainstonmns. If precip-
itadon is at the rate of 3 to 4 cm hr'! or
greater, storms of the order of 1 to 3 ¢m of
rainfall can cause severe damage in the desert
oecause of the rapid runoff. Stories of solid
wals of rock and water rushing down dry
stream beds are commmon and can be verified

by surveying resulting damiagze to roads and
bridges.

Average relative humiditv in Lot-dry re-
gions is quite low although there is usuaily a
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TABLE 55

COMPUTED ANNUAL AVERAGE SOLAR RADIATION AT GROUND SURFACE (Ref. 7) g

Latitude, °N: 0-10 10-20 20-30 30-40 40-50 50-60 60-70

Solar radiatiorn,

ser day, ly 385 445 438 395 332 243 195
\Btu ft-2): (1420)  (1641) (1615) (1457) (1224) (896) (719)
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moderate amount of moisture in the atmo-
sphere. For example, the air at Yuma, Ariz.,
contains nearly as much moisture as that at
Madison, Wis., in July and twice as much in
January. Relative humidity at Yuma during
these montlis, however, is only one-haif to
two-thirds that in Madison. In spite of the iow
relative humidity 1n desert areas, surface
cooling during late evening and early morning
hours is often sufficient to produce valley
fogs and dew. Reiative humidity may be aquite
high in morning hours, becoming extremely
low during the heat of the day, as indicated in

Table 5-6 for randomly selected hot-dry
locations.

Monthly average morning relative humid-
itics for Yuma are consistently fairly high,
ranging from 56 to 68 percent 4% Baghdad
and Timbukiu, average highs are considerably
above thuse at Yuma, and average lows are
considerably below. Similarly, average mid-
afternoon highs at Yuma are appreciably
lower than those at the other locations.
Generally, midafternoon lows—the relative
humidity levels commonly associated with
hot-dry regions—are below 20 percent.

5-3.1.4 WInND

In genesal, an average windspeed of 6 to 11
km k! (3.7 to 6 8 mph) would be represen-
tative of the majority of desert locations.
Hov:ever, some desert areas characteristically
have strong winds; an example is the “wind of
40 days” in southwestern Iran. Storms having
higher winds occur in the desert which are
serious for man and machine. In some interior
regions in northeastein Africa the air is
normaily almost calm, with only occasional
sandstorm disturbances particularly during
the summer season. Coastal portions of north-
western Africa have prevailing winds with a
mean speed of 25 km hr™' (15.5 mph) during
July, but winds in interior regions range from
calmuptoonly 11 or 12km hr! (6.80r7.5
mph). Personael stationed in North Africa
during World War Il reported that in spite of
low speeds the persistent wind had little
cooling effect and often carried a sufficient
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amount of sand and dust 10 cause severc eye,
nose, and throat irritations.

The dominant effect of wind in an arid
region 15 che Niting or suiface dust particles
into air, or surface migration of sand particles.
Porter et al. cite five types of duststorms and
sandstorras  distingy 1.3 in centrai Africa
(Ref. 10):

(1} Dust devil. A small vortex of 3 to 15
m (!0 to 49 ft) in diameter roteiing rapidly.
It occurs quite often and may upset light
structures such as tents 2nd scaffolding, but is
generally of little importance and not likely
to be recorded as a sandstorm.

(2) Local rising sand. A higiily localized
phenomenon of rising sand, resulting from
wind velocity exceeding a critical level that
varies widely according to locality.

(3) Haboob. A rainy season sandstorm or
duststorm with strong wind occurring with
thunderstorms. (Most frequent from May
through September, but haboobs have occur-
red in every month except Novembar (Ref.
IB)N)

{4) Rainy season cold-front-type sand-
storm. A sandstorm foliowed almost invari-
ably within a day or two by general rains.

(5) Harmattan haze. An intensified haze
occuning when the dust content of the
“harmattan”, or northeac¢ trade wind, is
increased behind cold air invasions during
winter. The harmattan blows consistently in
the center of northwestern Africa and is
normally dust laden at all seisons. Behind
widespread coid fronts, its dust content is
greatly increased, and “‘harmattar.” haze per-
sists for days. The same harmattin-type haze
predominates over wide areas in French Equa-
toria} Africa except during summer months.

Clements states thst a windspeed of ar-
proximately 48 km he™ (30 mph) is required
to produce a sandstort {Ref. 12). He further
states that perhaps not more than three or
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four siorms occur per vear in most localities
in the American deserts. This number of
storms, particularly those of a violent nature,
probably holds true for most of the African
deserts. These storms rarely exceed two or
three days in duration and are most likely to
occur during the spring. Contrasied with these
data arc reports by some observers who have
noted as many as 20 duststorms per year in
Africa. Data show as many as 1 0% sandstorms

in a year in the areca of southerr. Algeria (Ref.
10).

5-3.1.5 TERRAIN

Elevations of the desert are quite varied,
ranging from below sea level te around 1,000
m (2,000 ft). High mountzir-. found in some
desert regions generally are 13t considered
true desert aress because of the low tempera-
tures assaciated with tieir elevations. If they
receive no appreciavle rainfall, however, they
take on aspects characteristic of dry regions.
Clements has divided the desert surfaces of

the southwestern Unijt<d States into 10 types
(Ref. 12):

(1) Playas. Dry lake beds occupying the
lowermost portions of interior basins, perhaps

the flattest pnysiolugical feature that can be
found.

(23 Desert flats. Areas of very low relief
varying widely in size and. except for playas,
the flattest surfaces to be found in the desert.

(3) Bedrock fields. Smooth rock surfaces
of varying size which may be of very low
relief (hammadas). slightly inclined (pedi-
ments), or domed (desest domes).

{4) Regions bordering through-jlowing
streams. Rive. botte.ms and terraced areas
adjoining streams in which the total relief
from the river hottom to the highest terrace
may be well over 3U m (100 f1).

(5) Alluviai fans and bajadas. Areas
formed by the deposited materials washed out
from higher elevations.

- e 2RI LN Do T . ¥ 2,

e

(6) Dunes. Mounds or hills of windblown
materials ranging in size from clay to coarse
sand, usually sand. They occupy from |
percesit of th: Amencan deserts up to 25
percent of the Sahara.

(7) Dry washes. Stream courses that con-
tain water shortly after heavy rainstorms but
are dry the remainder of the time.

(8) Badlands. Extremely rough terrain
formed by the intricate dissectior: of soft rock

by torrential run-off characteristic of desert
areas.

{9) Volcanic cones and fields. Cones of
loose volcanic material having stopes of about
30 deg, varying in height but recognizable
above the surrounding desert. Fields consist
of loosely packed cinder suriaces. Lava flows
commonly have irregular surfaces consisting
of basaltic blocks a.ud tubes, and large pits
resulting from collapse of tubes.

(10 Desert mountains. Mountains whose
outstanding features are abundant rcck out-
crops and abrupt change from mountain slope
to vailey, as contrasted with rounded smooth
slopes of mountains of more humid regions.

Surface materials may be mineral salts,
itme, clay, silt. sand, gravel. boulders, or bare
rocks. Occurrence of these surface conditions
is highly irregular and requires extremely
detailed mapping to indicate their locations.
It is sufficient to state that desert surfaces can
be negotiaied relatively easily by man and
machine, or almost impossible, depending
upon lccation. It is only through detailed
maps that locations of the “good ang bad”
areas can be estabiished firmly.

There are occasional trails through almost
all desert areas; camel routes, where used,
normally follow the more sandy areas whereas
stony surfaces most often are used by vehi-
cles. Precise surface conditions that have a
critical effect on movement are difficult to
discuss in a general manner. Few areas in the
hot deserts of the world canrot be traversed
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by man on foot provided that he has suffi-
cient food and water. Vehicles, owever, will
be hampered almost continuouxly by stecp-
sided washes, bouldei-strewn surfaces, and
other impedin.ents of the surface microrelief.

53.1.8 WMATERIEL EFFECTS

The rs0st important materiel effects ob-
served in the hot-dry climatic regions result
from the extremely high daytime tempera-
ture. Effect; that closely follow this in impor-
tance are derived from the extreme ultraviolet
radiation, the airbome sand and dust pro-
duced by sudden violent winds or by huthan

activity, ind the large daily temperature
fluctuations.

A rule of thumb that often is employed is
that the rate of chemical change doubles for
each zis: of 10 deg C in the temperature.
Thus, t 50°C (112°F) chemical reactions
occur 16 times as rapidly as ihey do at 10°C
(50°F). Hig/i temperatures zan have impor-
tant effecis on electronic apparatus in which
such components as condensers and battcries
deteriorate rapidly. The black finish often
empioyed on electronic apparatus because of
its excellent thermal radiatior. properties has
the inverse effect in a hoi climate. By
efficiently abso:Ying direct sutdight, tempera-
tures of black-finished objects may rise 50
percert above the outside temperatures and,
with the added eoffect of heat gesneiated
within the equipment, surface temperatures
may rise to 200°F, a temperatu:c that will
damage many tvpes of equipment.

The sand and dust of the hot-dry environ-
ment will damage electromechanical equip-
ment such as relays and switching gear;
gasoline engines; any fine, lubricated mioving
patis of light and heavy equipment; and other
materiel. The most injurious effects of sand
and dust result from their adherence to
oil-bearing surfaces, but 2ll polished surfaces
wncluding glass and plastic window areas are
etched by sand particles driven by high wind.

Tires wear out rapidly in desert areas, and

AMCP 706-115

surface finishes of ali tynes crack, craze, and
blister. Sunlight causes chemical changes in
textiles, plastics, and rubber products.

The primary effects of sandstorms and
duststorms are those of abrasion or erosion,
visibility reduction, particle penetration
through cmall apertures, and aiteration or
obliteratinn of surface landmarks. Less widely
publicized and encountered but viten spee-
tacular are clectrostatic effects (Ref.10).
Sandblasted paint and chrome, and frosted or
pitted glass occur commonly with vehicles
used in the desert. Sculptured efiects are seen

on wood posts and rocks projecting from the
ground.

Aithough visibility often is reported as zero
by desert inhabitants it is probably rarely lz<s
than 3 m (10 ft). Wheze the surface is alfuvial
with little or nc sand, the dust rises in» dense
clouds to bzights of several thousand fect
(Ref. 13). In an erosion desert in which the
only free dust consists of fine rock particles,
the wind produces first a mist of both sand
and dust. Later the mist disappears leaving
only a low-flying cloud of sand. Where the
ground consists of coarse grains, pebbles, or
large stones, the top of the cloud may be as
much as 2 m (6 ft) above the ground surface
but is usually less. When the surface consists
of fine sand, the height of the sand cloud is
noticeably lower (Ref. 13).

Although 13 m s™ (30 mph) is often used
as the windspeed threshold for sandstorms,
sand-sized particles will migrate at windspeeds
as low as 5 m 5™ (11 mph) (Ref. 13). Within
this range of speeds, particle movement may
cause formation of ripples, ridges, annd whale-
backs; movemant of considerable masses of
sand; dune growth; and drifts of sufficient

magnitude to cover small structures or ob-
jects.

The impact of windblown sand particles on
metallic electrical conductors produces elec-
trostatic charges of sometimes serious propor-
tions. During the Dust Bowl conditions in the
United States in the middle 1930, some auto
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ignition systems failed to function unlsss the
auto frame was grounded by means of a wire
or chain to the ground. Breakdowns of
insulatcrs, transiormers, and lightning ar-
restors in electric power systems have been
reportedd during sandstorms even when no
hghtning discharges occurred. During con-
struction of a telephone line in a sandstorm in
the Imperial Valley of California, electrostatic
voitages high enough to knock a man down
were reportedly built up on a bare wire being
laid. In Saudi Arabia, charges as high as
150,000 V have made telephone and iele-
grap:h conunuaications of a railroad impossi-
ble éuring a sandstorm (Ref. 12).

in many ways the hot-dry environment is
benign. Such natural environmental factors as
solid precipitants. rain, and fog are com-
pietely absent and deterioration by micro-
b.ological organisms doss not occur because
of the lack of the moisture required for
growth of such organisms. Macrobiological
organisms such as insects exist in small num-
bers but do not create significant problems.
While saltfall occurs in quantities from 0.05
to 0.5 g m? yr', the fack of moisture
prevents the occusrence of a significant corro-
sion problem. Equipment that was recovered
from years of exposure to the hot-dvy climate
has been found to operate well.

5.3.2 HOT-WET CLIMATE

This climatic type cfien is desctibed as
tropical and i< characterized by lush vegera-
tion along with high temperaturz and humid-
ity. Generally. tropical climates may be as-
sumed to be thoze lying roughly between
latitudes 25 deg N. and 25 deg S. Arzas within
this zone, however, may be het or coid, wet
or dry. and may have much or little vegeta-
tion. Major deserts occupy a comsiderable
portion of the landmass in these regions and
niight be classed as tropica! deserts. They are
categorized more correctly and usefully as
hot-dry regions, however, and are trested as
such in this handbook. Much of the remainder
of the lands in tropic latitudes are those aress
considered truly tropic; i.e., wet-humid, wet-
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tropic, characterized by abundant moisture
and relatively high temperatures, continu-
cusly or at least for some port:on of the year.

In order to fully characterize the hot-wet
climatic tyve. three climatic categories are
identified in AR 70-38—the wet-warm, wet-
hot, and humid-hot coastal desert (Nef. 1).

Wet-tropic climates cover approximately 15
percent of the land area of the earth and are
found in all continents except Europe and
Antarctica. The largest continuous areas are in
the Amazon and Congo Basins. Asian and
Australian wet-tropics are small by compari-
son and are mostly on tropical islands lying
between the two continents (Ref. 14). Limits
of the wet-tropics vary greatly, but several
authorities agree on the location of sizable
core areas in tropical latitudes (shown in Fig.
5-3), which constitute less than one-third of
the total wet-tropic area. Moisture and tem-
perature are constantly high, and tropical rain
forest vegetation and lateritic soils predomi-
nate in these areas. Surrcunding the core areas
are broad transitional zones whose character-
istics gradually change from core to pe-
riphery. Transitional areas characteristically
have a dry season of some extent increasing in
daration as the perimeter is approached. As
aridity increasss outward from the core area,
the tropical razin forest yields to patches of
scattered trees and grass and, finally, to
expanses of tropical grasstand and low shrubs.

Outstanding features of wet-trrpical re-
gions are heavy precipitation distributed
throughout its year, a relatively small Ciurnal
annuai ter. -aturc varation, and over-
abundance of vegetation. The latter forms a
closed canopy of leaves and branches above
ground level and results in a microclimate
below the canopy significantly different from
ambient conditions above it. Although reli-
able data are scarce, approximate di{ferences
betweer the microslimate below the closed
canopy of a mature wet-tropical forest and
the chinate measured_ in extensive clearings
are outlined where pertinent in the paragraphs
that follow It may be assumed that the
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climatic conditions mezsured immediately

above the canopy are equivalent to those that
wouid occur 1n extensive clearings.

Within the regions identified as wet-tropics,
subregions may be diffcrentiated on the basis
of climate, vegetation, and soil. Chambers et
al. treat wet-tropic areas in terms of interior
plains mountains, and coastal lowlands (Re:.
i4). Trewartha, classifying subregions on the
basis of climate, identifies the tropical wet or
tropical rain forest climate, the monsoon-rain
forest climate, and the tropical wet and dry
cimate {Ref. 6). Similarly descriptive. and
combining aspects of each of these systems,
are the categories of tropical rain foresi,
tropical marine and tropical monsoon, de-

scribed briefly in the subparagraphs that
follow.

Tropical rain forests are constantly wet,
with average monthly temperatures for the
warmest and coolest months varying only
about 2 to 4 deg C (4 to 8 deg F). They are
typified by high rainfall, but the wettest
month of the wettest season varies greatly
from place to pluce. Moisture-laden prevailing
winds forced to higher elevations by moun-
tain ranges can create a situation of high
rainfail. and hence, rain forests. On the lee
side of the mountains. drought conditions
may exist during part of the year so that the
dry areas may be considered marginal to the
true tropical rain forest. Distinct differences
are obsetved between the environment be-

neath the forest canopy and in clearings and
that above the canopy.

Although a tropical rain forest regicn usu-
ally is jocated on relatively large landmasses
between latitudes 10 deg S. and 2 deg N.,
similar trepical conditions are found on iso-
lated Pacific islands as far north as latitude 20
deg N. The islands exhibit a temperaturs
range greater than the rain forests between
the hot and cool months, but diurnal temper-
ature variations are less than in the 7ain Forest
pecause of the surrounding ocean.

The tropical monsoon ciimate, which in-
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cludes most of India and Southeast Asia, is
entirely seasonal. Temperature extremes are
high. Cloudless skies vetween mid-April and
June ar: cceoinpanicd by afternoon tem-
peratures averaging 40°C (103°F) with ex-
tremes to 45°C (113°F). With the clear skies
and strong earth radiation of this period, the
night air may cool to 27°C (80°F). Following
reins in June until late September, cooling dry
winds from the northeast result in daily
temperatures from 9° to 21°C (48° to 70°F).
Precipitation is concentrated in the months of
June to September. During these months, the
southwest monscons bring in centinual rain,
drizzle, and clouaiuess. Ruinfall is light from
Septembar to Apnl with less than 25 percent
of the yearly precipitation occutring during
this period. Aside from the seasonal variation,
total rainfall varies widely between coastal or
mountainous areas receiving about 250 ¢m
(100 in.) annually and interjor plains receiving
only about 75 cm (30 in.).

5-3.2.1 TEMPERATURE

Mean annual temperatures of about 27°C
(80°F) are common for continuously wei
tropical areas. Seasonality is marked by a
change in precipitation accompanied by a
change in temperature of 6 to 8 deg C(i10 to
15 deg F). Slightly lower temperatures are
associated with the wetter months. The dif-
ferencc in aversge temperature between the
hottest and coldest months for areas near the
Equator i5 usuaily less than 5 deg C (9 deg F).
In some areas mean monthly remperatures
vary less than | deg C (1.8 deg F).

Although monthly variations in tempera-
ture arc small in the wet-tropics, diurnal
variations may be considersd relatively largz.
Mean daily ranges of 3 to 14 deg C (5 to 25
deg F) can be expected for different areas.
Mean monthly minimum temperatures are
usually near 21°C (7G°F) and mean monthiy
maximum temperatures are generally in the
vicinity of 30°C (85°F). Maximum tempera-
tures rarely exceed 35°C (95°F) in continu-
ously wex regions.
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Although insufficiently supported by data,
a mean temg rature of 18°C (64°F) for the
coldest month has been used by many author-
ities as the minimum temperature for \he
megathermic type of vegetation® characteris-
tic of the wet-tropics (Refs. 6, 15). Lower
temperatures are found primarily in moun-
tainous regions as indicated in Table 5-7,
which also indicates a lapse rate (temperature
decrease with altitude incr-ase) of approxi-
mately 0.4 10 0.7 deg C/100 m (2.2 to 3.8 deg
F/1,G00 ft).

The closed canopy formed by leaves and
branches effectively reduces the total amount
of solar radiation reaching the forest floor.
Mixing of the air above the canopy with air
below also is impeded by the vegetation.
These two influences result in Jower maxi-
mum temperatures in tropical forests than in
clearings. Table 5-8 provides data on terapera-
tures within wet tropicai forests. The maxi-
mum daily temperature is approximately 4
deg C (7 deg F) lo'ver in the undergrowth of a
mature tropical forest than above the main
tree canopy. Minimun: drily temperatures are
not affected appreciasly by the vegeiation.
Contributory factors are climatic; extensive
clond cover, high humidity, and frequent rain
tend to reduce outgoing radiztion and night-
time cooling.

5-3.2.2 SOLAR RADIATION

The belt of maximum solar radiation
crosses the Equator twice during the year as
seasons change {Ref. 6). Total daily solar
radiation received by the surface of the earth
at any given point depends upon a number cf
factors—the angle of solar rays, length of day,
selective scattering of short wavelength blue
light by molecules of air and fine dust, diffuse
reflection of all wavelengths by large dust
particles and cloud droplets, and absorption
of orincipally the longer waveiength by water
vapor. It is estimated that 35 percent of the
total solar radiation entering the atmosphere

“A type of vegetation that requises high fempesature and
abundznt :noisture.

- G Bveprey
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of the earth is reflectad back into space by
scatteving ond reflection from the various
components of the atmosphere and the sur
face of the earth. Two percent is refl -ted
from the surface, 6 percent is reflected by the
atmosphere; and the remaining 27 perceat is
reflected from clouds. Fourteen percent of
the total radiation is absorbed by the atmos-
phere and only 51 perceat of the total
incoming radiation finally rcaches the surface
of the earth anJ is absorbed by it. = ‘= four
percent of this 51 percent is in s  ..nof
direct sunlight and the remaining 17 percent
is diffused radiation or sky radiation (Ref. 6).

L.andmasses at or near the Equator receive
the greatest total annual solar radiation but
do not necessarily receive the maximum daily
radiation. Latitude 40 deg N., at the time of
summer sol.. 2, receives approximatelv 28
percent more radiation than the Equator
(Ref. 17). This radiation level is 6 percent
higher than the maximum at the Equator at
the time of the vernal and autumnal equi-
noxes when incoming radiation is incident at
90 deg on the atmosphere at the Equator.
Because of the greater amount of water vapor
in the atmosphere over the wet-tropics, a
larger amount of incoming radiation is ab-
sorbed annuully by the atmosphere than in
the higher latitudes or at higher elevations in
the low latitudes. Consequently. the total
solar radiation reaching the earth is reduced
correspondingly.

The modifying effect of normal cloud
cover on the amount of solar radiation re-
ceived at the land surface is shown in Tablc
5-9 which represents only average annual
conditions since the actual amount of solar
radiation absorbed by the ground depends
upon the geographical location, season of the
year, type of soil and vegetation, and weather
conditions. In comparing solar radiation for
two specific sites—-the Canal Zone (latitude 9
deg N.) and Amarillo, Tex. (latitude 35 deg
N.)—it is interesting to note that the Canal
Zone received 381 ly day™! and Amarillo 471
ly day™? (Rafs. 18. 19). On a typical hot
sunny day in May, a maximum of 6}5 ly

5-21




P AT TR T T AR RS S TR PR G SO A e

AMCP 706-115

TABLE 5.7
TEMPERATURE CHANGES WITH ALTITUDE (IN NETHERLANDS
EAST INDIES) (Ref. 16}
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TABLE 68
SOLAR RADIATION (ty day ') AT SURFACE OF EARTH WITH NORMAL CLOUD COVER (Ref. 7)

Latitude

5
g

Conditions
0°-10°N 10°-20°N 20°-~30°A 20°-40°N

Solar radiation at
surface with clear sky 567 556 534 494

e
L]

3

anin e b
ey A

Mean cloudiness 0.52 0.40 0.34 0.40

Selar radiation absorbed
at ground surface 308 365 346 3%
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day™ was recorded in the Canal Zone while
the monthly average in Amarillo for the
month of May was 617 ly day™. The peak
monthly avzrage at Amariilo occurred in June
with 654 ly day™.

Measurements of solar raaiation in Java
(Ref. 16) indicate a total radiation level
considerably lower than Washington, D.C.,
during the time that the incidence of solar
rays was at the same angle for the two
locations. A study of radiation in the Congo
Basin {Ref. 7) revealed thai the maximum and
mean total radiation levels in this area are
approximately equivalent to those in temper-
ate zones during summnier. A marked defi-
ciency in blue and ultraviolet wavelengths was
also reported. It is suggested that the low
total radiation for this part of the Congo is
due to large quantities of water vapor and
coniaminants suck as volcanic dust in the
atmosphere.

5-3.2.3 RAINFALL

Depending on the seasonai distribution,
high total annual rainfall can be associated
with either continuously wet conditions or
with alternating periods of heavy rainfall and
prolorged drought. Tatle 5-10 presents rain-
fall data for two locations in the Tropics-
Conakry, Guinea, and Padang, Sumatra. Both
have approximately the same annual total
precipitation of about 4.3 m (170 1n.), but
that for Padang is distributed ore or less
evenly throughout the year while rsin falls
predominantly from June through October at
Conakry. Obviously, high annual rainfall does

not always mean a continuously wet-hot
condition.

A large portion of the total rainfall in the
Tropics occurs as cloudbursts, a cioudburst
being defined as a shower of rain intensity
greater than 0.1 cm min™? (0.04 in. min™) for
not less than 5 min. Although a greater
percentage of precipitation in ihic Tropics
occurs as cloudbursts, intensity appears to be
approximately the same as cloudbursts in
temperate climates, 0.2 to 6.3 cm min™,

AMC? 706-115

Variations in amount of rainfall appear due to
shorter or longer durations of showers rather

than to any significant change in intensity
(Ref. 20).

It is desirable to ascertain the total amount
and distribution of rainfall necessary for
continuously wet conditions. ia this context a
“wec” soil is defined as one receiving a net
surplus of moisture; i.e.. more than the
amouat thut will evaporate from the soil and
transpire through vegetation, a process
termed  ‘“‘evapotranspiration”. Under wet
conditions, the soil cannot hold additona!
water against gravily, and any excess iuins
off or percolates through the soil. Because
of difficulties of measuring actual evapo-
transpiration, Thorthwaite developed meth-
cds of calculaiing it from mean monthly
temperature (Ref. 21), leading to a method of
calculating mean monthly precipitation neces-
sary {or wet conditions at various tempera-
tures. 4dccording to this method, rainfall of at
least 10 c¢cm mo™ ic necescary to maintain
wet-tropical conditions at 20°C (86°F) and
zbove, ard at least 7.5 cm mo™! between 20°
and 30°C 68> and 86°F) (Ref. 19)

The U.S. Army Corps of Engineers has
measured <ol moisture and iainfall in an
effort to predict moisture content from cli-
matic data (Re¢f. 22). Figs. 5-4 and §-5 show
the monthly var‘stion of soil moisture con-
tent for two diffeient sites in the Canal Zone.
Boti: are in ihe same general arez, but the
vegetation on one site consisted of s spotty
growth of tall grass while vegetation on the
other was a dense semideciduous jungle for-
est. The denser vegetation resulted in less
variation and higher moisture content during
the dry seascn. Soil moisture content at both
sites, however, remained remarkably constant
from June through January. Absence of ap-
preciable variation in soi' moisture over a
period of 9 mo, even though the recorded
nrecipitation varied from 5.6 to 37 ecm (2.2 to
14.5 in.) in that time, indicates that excess
water either percolated down through the soil
or ran off. It can be assumed that the soil was
continuously wet from June through January,
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TABLE 510

HMONTHLY AVERAGE RAINFALL (in.} (Fof. 8}

Padang, Conakry
Honth Sumatra Guinea

NN T R ST I TR N T T O (PR R AR VT PR it

January 13.8 0.
February 10.2 0.1
March 12.1 0.4
Anril 74.3 0.S
May 12.4 £.2
June 12.1 22.0
duly 10.9 51.0
August 13.7 41.5
September 6.0 26.9
October 19.58 14.6

Hevember 20.4 4.8
December _18.9 0.4

Total 174.3 169.0
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during which time monthly rainfall never fel!
befow 5.6 cm (2.2 in.).

KoOppen used vegetation for his criterion
and concluded that a minimum of 6 cm (2.4
in.) of rainfall each month is required for
continuously wet conditions in the Trapics
(Ref. 15). Gther investigations have reported
hinher values. It has been found that 10 om (4
in.} is the ntinimu:s monthiy precipitation
equirement for rain forests to grow in the
West Indies (Ref. 23).

It generally is agreed that high annual
rainfal] is not a guarantee of continuously wet
condit:ons. Most authorities on plant ecology
believe that with a winimum annual rainfall
of approximately 165 to 180 c¢m (65 to 70
in.) the type of vegetative climax is influenced
wore Dy seasonal distribution than total
rasxGlt. Exceptionally high totals do appear
able N _delay the effects of shorr drought
periods;\QQ high total rainfali, it is possible
to> have at )»Q‘{ ! mo with littie or no rain
before soils start iﬁ&(bccome noticeably dry.

Few consistent data are availablz for deter-
mining rainfall requirements for continuousiy
wet conditions in the Tropics. Several differ-
ent approaches to the determination include
an empirical eguation expressing evepo-
transpiration, field measuremrents by tic
Corps of Engineers of soil mois:ure content in
the Canal Zone, and several attempts to use
vez - >tion as an indication of moisture con-
tent. "1 spite of somaewhat diverse rosults, a
range of 5.5 to 10 cm (2.2 to 4 in.) appears to
represent a monthly rainfall considered mini-
mum for continuously wet conditions. The
lower figure is probably applicable for a
period of 1 to 2 mo preceded by considerably
higher rainfall.

The canopy formed by the leaves an-.
branches of mature wet tropical forasts acts as
4 huge umbrella that prevents a considerable
portion of ea:h rainfall from reaching the
groend. The umount of moisture intercepted
appears to be dependent on the density and
type of vegetation, and un the intensity and

AMCP 706-115

duration of the rainfall. The amouni of
mojsture needed to wet the surface of the
vegetation would represent a greater percent-
age of the total rainfall when the total is low
(0.2 to C.5 cm) than when it is high (2 to §
c¢m). Frequent light showers should allow
greater opportunsty for evaporation from the
foliage than would one deluge of the same
total precipitation. it is difficult to reconcile
the findings of dsfferent investigators in this
respect beczuiss many of the pertinont vari-
ables ar¢ usuaily not reported. Alsc, several
investigators have obtained divergent resulis
concerning effects of intensity and duration
of rainfall on this phenomenon. One author
states that a greater percentage of rainfall was
retained by the vegetatic when tie rain feif
as thundershowers than when it fell as a long
continued fine rain. Another group “found
that relatively more rsin reached the forest
floor during the season of heavy downpours
than during the season when rain is iess
heavy”. These ccminents typiry the informa-
tion available. Data indicate that under 2
cover of dense forest roughly 70 to 80
percent of the precipitation falling on the
foresy canopy reaches the soil (Refs. 20, 24,
25); however, reliance on the judgment of
experts in the fields of plant :cology and
pedology is suggested for a more realistic
estimate under specific conditions

-

€

2.4 HUMIDITY

High relative humidity s a characteristic
phenomencs: of the wet Tropics. The daily
range varies considerably. withk highest humid-
ity occurring dur i hours of minimum tem-
peratuves. In guncoal, the air is near saturation
(100 percent RH} during most of the night
and early momning hours. Conversely, mini-
mun rolative humidities occur during the
highest daily temperatures (usually around
noon) and often may be as low as 60 to 65
percent in open areas, eveint during the rainy
season.

Seasoinal wvariations in relative humidity

correspond to seasonal precipitation, in part
because months with high precipitation are
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usually caoler than montis with iewer rain-
fali. Corrective zction usually is occurring,
and since the adiabati. rate of cooling usually
axceeds the temperature lapse rate, condensa-
1ion OCTUrs.

P'elative humidities as low as 60 to 65
percoat during the rainy season may be
experienced in such open aress as airfields and
other similar locations for meteorelogical
stations, but do nnt occur usually in the
interior of a wet tropical forest. Fig. 5-6 is a
repiot of data for a rain forest in Southerp
Migeria. Although the minimum relative hu-
midity above the canopy was as low as 60
percent and stayed below 70 percent for an
appreciable length of time, the air near the
forest fioor remained very close to saturation.
Why 100-percent relative humidity was never
reached at the lower Jevel Lut was at the
uppel is not easily explained, but these resuits
keve D2en substantiated by othoer investiga-
tors.

5-325 WIND

Winds in most of the areas near the
Equator are very light and variable. This is the
area often called the doldrums or intertropical
convergence zone. Average windspeeds are
generally less than 5 km hr? (3 mph) and
seldom exceed 13 km hr! (8 mph). Farther
north or south of the Equator, winds are more
brisk but, 2xcept fo. the hurricane zone of
the West Indies, prevailing breezes are nor-
mally 16 to 24 km hr? (10 to 15 miph)
during the day and somewhat less at night.
Thundershowers in both of these areas usually

are accompanied by high winds and occasion-
al tomadoes.

In addition to the West Indies, other
coastal regions of the Tropics experience
cyclones. In tue Wesiern Hemisphere, they
normally are rcferred to as hurricanes but in
the vicinity of the Philippines Republic and
the China Sea they ate called typhoons. These
storms may be as large as 800 km (1,500 mi)
in diameter and have maximum windspeeds in
the vicinity of 240 km hr™! (150 mph). In the
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West Indies they occur at the end of late
summer anrd early fall. Windspeed decreases
quite rapidly as soon as the storins pass over
snpreciable landmasses although very heavy
rainfall may occur many miles inland for
several duys after their passage.

Since the closed canopy of a mature wet
tropical forest greatly impedes the movement
of air, windspeeds are noticeably lower than
above the canopy. Air circulation at night
apnears to be dependent primarily upon
convection currents set up dy thermal grad:-

ents due to radiation from the surface of the
canopy.

Air movement within thie forest is often so
light that smoke appears to stand still. Mea-
surement of airspeed under these coaditions
requires extremely sensitive instrumentation
or the use of special techniques. As a result,
reliable data on air velocities in wet tropical
forests are almost nonexistert. Data of one
investigator show that for an airspeed of 8 km
hr! (5 mph) measured 150 m (500 ft)
outside a forest in Brazil, it was 1.6 km hrt
{1 mph) at a distance of 100 m (328 ft) inside
the forest. At a distance of 1,100 m (3,600 ft)
inside the forest, the windspeea was too low

to be messured with an anemometer (Ref.
16).

5-3.2.6 TERRAIN

5-3.2.6.1 TOPOGRAPHY.. In general, the to-
pogirapny of the wet-tropics is not much
difierent from that in other parts of the
world. Landforms vary from extensive fai-
lands--such as the Amazon Basin in Brazil-to
high mountains. By far the most o:2istanding
topographic feature is ihe large number of
rivers, creeks, gullies, and ditches formed by
the heavy runoff cf tropical rains. These
deainage ways vary in size and shape but
usually are cheractenzed by very steep and
slipnery banks. Fiush floods ars a constant
danger in many areas. Rivers may rise many
faet in a matter of hows or even minutes.
Generally, there is no wamning of such flash
floods because they may be caused by heavy
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rains that have fallen a considerable distance
upstream.

5-31.2.6.2 SOIL. Soils in the wet tropics vary as
rauch in structure and physical and chemical
properiies as do in sity soils of temperate
regions Many of the wet tropical soils are red
or red< sh biown due to high iron content
and conain sufficient clay minerals to create
mobility problems when wet. In general, the
principal toil of wet tropicai areas is a highly
leached, claylike material, and the soil stra-
tumm of interest usualiy is confined to the
vicinity of flood plains.

Smoall differeacss in moisture content cau
cause drastic chénges in the mechanicai prop-
erties of soil. Surfaces of soils with cxcess
water ate firm but very clippery. With a
slightly lower moisture cantent, the soil be-
comes sticky and may ball-up on shoes,
wheels. and tracks.

Soils on steep slopes are usually quite
shallow due to erosion z1d are ofter not mere
than a few inches deep. in many instances the
parent material, which is usually partially
weathered rock, may cutcrop on steep slopes.

Soil conditions are also dependent on the
type of natural vegetative cover. There is
relatively little undergrowth in a mature
tropical rain forest and—due to rapid decom-
position of organic matter by fungi and
bacteria~there is only a light coveriag of
icaves and humus on the forest floor, which is
easily removed to expose firm but often
slippery soil. In a forest with more open
canopy -such as deciduous or semideciducus
forests—undergrowth is slightly heavier and
fornis 2 porous mat of fine roots and organic
matter whivh is temporanly effective in in-
creasing traction. Savannas (grasslands) are
found often on poorver sandy soil, and are
accompanied v:ually by hardpan. During the
wet season, unsurfaced rou.is and trails in
savannas become quagmires often impassable
even v tnwks with large tires and high
grouna clearances. In the dry season, the
greund surface is reasonably firm, with ruts,
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chuckholes, and washboard surfaces if motor
vehicle traffic is moderately heavy. Depth of
mud usually does not increase, however,
because of the hardpan characteristic of many
wei tropical soils.“Botiomless” mud (more
thon 1 or 2 m deep) rarely existe =xcept in
peat swamps which arz sometimes enzoun-
tered beiween mangrove swamps and higher
land. Peat swamps are not extensive though.
and many swamp soils arc very firm 4vea
though they may be covered by 30 to 60 cm
(12 to 24 in.} of water. Scmie soils formed by
yearly deposits of silt may become “bottom-
lz3s” but are the exception rather than the
rule.

5-3.2.6.3 VEGETATION. Continually most
soils and moderately high temperatures have
been shown as representative of the wet-trop-
ics. These climatic factors are necessary re-
quirements for the luxurious, evergreen-type
of vegetation that is probably the most
outstanding feuture of wet trovical regions. A
detailed desciipiion on the vaticus tvpes of
vegatation ivund in the wet-tiovics is not

arranted in ti.is publication, and only the
outstanding vegetative characterisiics th *
may have military importance are disc:

The tropic. rain forest (see Fig. 5-7) is the
predominant vegetative climax in the wet-
tropics, but adverse soil conditions or topog-
raphy may result in slightly ditferent forest
types. Although deciduous forests are found
mcre often in drier regions of the Tropics
having a prolonged dry season (3 mo or
more), poor soil moy result in a semidecid-
uous-type forest even though the soil is
continuously wet. Swamp forests are a result
of poorly drained soils; montane (mountain)
forest characteristics reflect the infiuence of
lower temperatures at higher altitudes.

The principal differences between the four
types of forest (ruin forest. semideciduous
forest, swamp fcre.t, and mcntane forest)
appear 0 be in neight of the trees and
structure of the canopy, ihe closed roc” of
the forest formed by the crowns of its trees.
Thre: stratz of trees exist in a mature rain
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forest (see footnote, Table 5-8). While it is
owste possible for eaun strata to form a
continuous cancpy, the highest and middle
stories more ofter. ombine to form a single
canopy the height of which may vary from 15
to 45 m (49 to 147 ft) above the forest floor
(Ref. 173. Taller trees are by no means
uncommon, bui are usually well scattered and
do ot torm a continuous canopy.

Due to tire closed canopy, the floor of a
mature rain forast receives only a small
frartion of available sunlight and, therefore, is
relatively free of undergrowth. Lateral visibil-
ity at eye level is limited more by the spacing
than foliage. and a4 person usually can be veen
at a distance f 2510 50 m (82 to 194 ft).

Trees of the semideciduous and mcatane
forest are somewhat lower in height than
those of the rain forest, and their canopy is
slightly more open. This allo'vs more fight to
penetrat: to the forest floor which oftiea
results in heavier undergrowth. Howevar, the
increased cloudinsss usualy accompanying
the montane torest counterbalances the slight-
ly more open canopy so that it is relatively
free of undergrowth. The swamp forest has a
greater number of trees per unit area than
does the rain forest canopy, .nd heavy under-
growth is common.

Except for occasional openings in the
canopy caused by latlen trees, ground-to-air
visibility in a rain forest usualiy is limited to
the heizht of the closed canopy. In swamp
forest and semideciducus forests, the canopy
is often sufficiently open to allow low-flying
aircraft to be seen if they are directly over-
head. The converse of this is not true since

the forest floor is only occasiorally visible
from the air.

Large trces often have enormous, but-
tressed root systems that may extend laterally
6 to 9 m (20 to 30 ft) along the ground, but

most of the trees in the wet-tropics are
shallow rooted.

The term *‘jungle” connotes a dense jtowtn
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of vines, grasses, shrubs, and trees that form
an almost impenetrable barrier. The term
often is applied to any and all types of
tropical vegetation and, as can be seen from
the previous discussicn, is certainly 2rroneous
for mature forests. In reality, “iungle” or
“bush” is second growth vegetation in the
process of replacing a matu: ¢ forest that has
been destriyed.

Although destruction of the forest sz, b
due 1o natural phe~omens such as lightning-
caus~d .ires or windsterras, the w.0:t impor-
tant cause is the widespread “sias;i-and-turn®
agricultural practices conymon in the majority
of wet tropicai countries. This practice usiale
ly consists ol fellinaand burning a majority of
trees in an aree C?ops are then grown for a
period of i to 3} yr, but rapid leaching of
humus and nutricnts soon makes the soil
infertile and it is abandoned. If the !and is
allowed to lie fallow, development of secona
growth wi! begin 12pidly and, althovgh 75 to
1060 y: smay be reguired, a matu.¢ climax
closely resembiing the original forest will be
formed.

Second growth usually is :nitiated by rapid
growth ot weeds and egrasses. A period of at
least 2 to 3 yris required before secdling trees
can establish themselves. The first weedlike
trees are characteristic of early secondary
forests; they grow very rapidiy and many
spacies atiain a height of 4 to 8 :n (13 to 26
ft) in a period of 2 to 3 yr. Because of their
rapid growth, these trees are very soft tex-
tured and of low density.

After the firsi 10 yr of its development,
the “jungle” is perhaps at its densest. The
numerous small trees are ciosely spaced and
interlaced with vines and climbers. Razor
grass ar.] bamboo may add to the chaotic
jumble to form ar: zlmost impenetrable barri-
er. Laterai visibility is often only a few feet,
but vertical visibility is usually much better
thas in a mature forest because of the absence
of a clos2d caropy. The fast-growing trees
soon reach maturity and die. The time to
reach maturity varies wiik the species, but a
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period of 15 to 20 yr scems to be a reasonable
estimate for many. Because of their relatively
short lifespan, such trees do not attain the
sive and proportions of the larger trees in the
original forest. The largest trees of a young
sccondary forest rarciy attain a height greater
than 22 m (72 ft) and a diameter greater than
30 ¢m (1 ft), measurements which are consid-
erably smaller than f-ees of a mature rain
forest that often average 50 m (164 ft) in
height and 1 m (3.2 ft) or so in diameter. By
the latter stages of their maturity, these
second growth trees have succeeded in shad-
ing out a considerable portion of the under-
growth, and muny of the earlier aspects of the
jungle have disappeared.

The original climax consists of numerous
species of trees, possibly over several hundred,
and crowns of indiv'dual trees can be readily
distinguished from the air. In contrast, the
secondary forest is tnade up of trees chiefly of
a few dominant spscizs. of which many ray
reach maturity simultaneously. From the air
these ever stands of secondury forest may
resemble a well-cut lawn except for gaps left
by trees fallen as ~ resuit of diseasc or
windstorm. Such gaps admit sunlight and
encourage dense coverage of the forest fioor
by heavy undergrowih until the next suc-
session of slower growing trees fills them and
closes the cancpy. For the svcceeding 10 to
20 yr, the secondary forest still retains many
aspects of a jungle; the trees are poielike and
closely spazed, and vine and climbers abound.
Aft=r the forest has reached the age of 50 to
100 yr, it is usually indistinguishabie from the
original.

Savannas are essentally grassy plains with
random tises and shrvbs. They are often
assumed to be an indication of a refatively dry
tropival climate, but it is also cheorized that
the savanna climax is due prisavily to adverse
scil conditions or repeaied turnings rather
than climatic conditions (Ref. 16). It is
generally recognized that, although various
theories have bzen propouncled to explsin the
nzture and distributior. of savanna vegetation,
ne singis and convincing viewpoirt has met
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with universal acceptance (Ref. 26).

In the preceding discussion of second
growth, it was assumicd that, after the forest
had once been cleared, it was left undisturbed
until it rezched its final stage of maturity. If,
instead, the process of slash and bum is
repeated, a totally different or “deflected”
climax usually results. For this reazon, exten-
sive savanna grasslands are often found in

areas that previously have supported a trop-
ical rain forest

Savannas ususlly are dominated by grasses.
Although trees a1 bushes are scldom totally
absent, the cancpy typical of most wet
tropical forests never is formad. The climate
of the savannas is usually quite similar to the
macroclimate reported by metecrological or
weather stations. The maiority of savannas
formed by slash-zad-burn agricultural prac
tices are found on flat or gentiy roiiny
terrain, but they arc by no means limited to
flatlands because local economies often re-
quire the cultivation of very steep slopes.

In lowland savannas the scil usually be-
comss saturated during the wet season but
dries out very rapidly and invariably shows
the first signs of drought. It is this characteris-
tic that leads to repeated burnings of savannas
in nany areas where the original vegetation
rarely becomes dry enough o burn.

iatera: visibility is usually dependent on
height of the grass and in many savannas is
almost unlimited. 1If bushes and trees are
numerous, an observer may be required to
climb a vantage point such as ¢ tree for an
unobstructed view. Ground-to-air and aiz-to-

.....

fog or 'ow clouds.

Although coastal vegetation represents only
a smaii percentage of the vegetation in the
wet-tropics, the mangrove swamp is a formi-
dable obstacle to movement of men and
materiel. Mangroves are found mnstly on tidal
mud fiats, bavs, and inlets, and occacionally
cn sandy beaches and coral reefs. Depending
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oA the topography, they may extend inland a
few hundred feet to a few hundred yaids and
oftery may change abruptly into swamp forest
or rain forest. They may vary in height fiom
low shrubs to trees almost 30 m {98 ft) tail.
Aerial roots, their most, outstanding character-
istic, extend as much as a meter or so above
the surface at low tide and may seriously
impede foot travel in addition to very effi-
ciently catching debris and soil-forming mate-
rials.

5-3.2.7 MATERIEL EFFECTS

In the Tropics, the effects of high tempera-
ture, high humidity, and the accompanying
microbes produce the primary effects on
materiel. Metallic corrosion, wood rof, and
fahric deterioration occi.s rapidly and may
cause major problems. Reports from the
Tropics are replete with examples of rapid
deterioration—canvas tents having a lifetime
of 6 mo, a complete issue of clothing being
requited every Z weeks, and aircraft antenna
wire being repiaced every week.

If any feature dominatzs the hot-wet envi-
ronment, it is the necessity for protecting
materiel from moisture. Once materiel is wet,
wther fungous or corrosive detsrioration oc-
curs. Materiel protected from moisture by
packaging, surface coatings, or sieiter does
aot detesiorate so rapidly.

Giner effects in the Tropics are well
ks;own. The tropical vegetation restricts visi-
bility and motbility;, macrobiological orga-
nisms such as termites, wood bcrers, rodents,
and mosquitoes cause matetiel problems; and
the often oppressive high temperature-high
humidity combination reduces the abiity of
personnel to counter or correct environmental
sffects.

5-3.3 COLD CLIMATE

The cold or arctic climate is separated into
two climate categories—~the cold and the
extreme cold. These are differentiated by the
minimum temperatures of -50° and ~70°F,
respectively.

5-36

Tha cold regions of the Southern Hemi-
sphere are tempered by the influence of large
ocean areas so that, with the exception of
Antarctica, severe cold is not found there to
any great extent. Accordingly, emphasis is on
the climatic factors and related phenomena
peculiar to the cold regions of the Nurthein
Hemispiiere. The stresses imposed by a cold
environment influsnce engineering design, fa-
cility maisiterance sad operations, fransporta-
tion, and human performance. Snow, ice,
frozen ground, and low temperature dusing
the cold months, and ice jams, floods caused
by melting snow, mud, and thawed muskeg
during the warmer months are characteristic
phenomena with which man and his equip-
ment must contend in the cold regions.

With minor exceptions, the 4Cth parallel ic
the southern limit of the cold regions in the
Northern Hemispheie. Major ocean cusreniz
such as the Gulf Stream may ameliorate the
climate of adjacent landmasses, accounting
for the relatively mild climate of Great Eritain
and ’reland ané the northwest coast of
Europe. The warm ocean cunients can create
an anomalous situation, however; when the
Guif Stream is warmer than uzual, the low
atmospheric pressure associated with tie large
mass of warm watar forces the major storm
tracks to the south. tringing abnormally cold
winters with much snow and ice to o.herwise
mild climates. Thus, larse areas, which nor-
mally are inciuded in the intermediate cli-
matic categories of the Temnperate Zone,
frequently fall within the critzria for the cold
climatic category during winter perinds.

Elevation also has a marked effect on the
climate. Vertical tempersiure gr.dients up
mountain slopes are mucn steeper than lati-
tudinal temperatu.= gradients a* sca level. The
worldwide lapse rate (change of temperature
with elevation) varies from 1 deg C/100 m
(5.4 deg ¥/ 1,000 ft) for dry air to 0.5 deg
C/100 m (2.8 deg F/1,000 ft) for saturated
air. The latter rate commonly is used by
climatologists when transferring temperaturs
information from low ejevations to higher
elevaticns. The extension of the cold regions
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of the Northern Hemisphere south of the
40th parallel in Southeast Asia and in thz
mountain regions of North America is due
mainly to the high elevation of these arcas.

temperature is lower at high elevations than at
low elevations within the sance latitude, the
annual temperatuse range. as shown in Table
5-11, is little affected by change in elevaticn.
The seasonal change in the temperature re-
gime with latitude is influenced by the sea-
sonal change in length of day and the avail-
able amount of w lar radiation. At a given
latitude, there is little <hange in the length of
day ot the 2ma.an¢ of available solar radiation
with chunge in clevation. Climatically, the
highland (ur Alpire" regions of the intermedi-

A high elevation regime in the Temperate
Zone has certain similarities and mary anom-
alies when compared with a high latitude
regime. Annual temperature extremes may be
similar in both regimes but the great dif-
ference in insolation has a marked influence
on the diumal temperature cycle, Snowfall

volume and distribation patterns also are
much different at kigh elevations. The orog-
raphic influence oa precipitation may result
in winter sncw depths of tens of feet on the
windward side and only a few inches on the
lee or precipitation shadow side of 2 moun.
tain.

5-3.3.1 TEMPERATURE

The basic concept cf a cold region requires
arceptance of the temparature as the domi-
riant climatological factor. The cold climatic
categories in AR 70-38 (Ref. 1) are defined
by a 1-percent probability of occurrence of 6
continuous hours with a maximum ambient
temperature (4 to 6 ft above the ground) of
-25° -50°, and ~70°F for the interrmediate
cold, cold, and extreme cold categories, re-
spectively.

Ezch of the three categories--intermediate
cold, cold, and extreme cold—may be {urther
snbdivided into lowlands and highlands. The
latter is typified by the Cordillera of wastern
North America, the mountains of Europe, the
Asian Highlands, and the Greenland ice dome.
Latitudinal variation in temperature range and
in average temperature for some typical low-
land locations and comparative records for
several highland sites are shown in Table 5-11.

The differcnce in range of average anaua
temperature (mean maximum for the high~st
month minus mean minimum for the lowest
month) increases progressively as lavitude
increases from the intermediate cold zone to
the extreme cold zone. Although seasonal

ate cold zcae i not analogous to lowland
regimes in the <old zoune or the sxiremely

cold zone altheugh they frequently ase con-
sidlered as such .Jor iest and evaluation of

efquipment an4 siaging cf winter maneuvers.

Any assumption taat an Alpine climate is

analogous to an arctic or subdarctic climate

ignores the differerice in stresses created by

length of daylight, diurnal temperature cycles,

and diurnal differences in both solar and
" fongwave radization.

The average annual temperature range
shown in Table 5-11 is far from the extreme
range that may be expected in the cold arzas.
At Verkhoyansk, Siberia, the dif‘erencs be-
tween the maximum and minimuv:n of record
is 87 deg C (157 deg F). At Snzg. Yukon
Territory, it is 77 deg C (139 deg F) and at
Camp Century, Greenland, it is 41 deg C (74
deg F).

Both latitude and clevation temperature
gradients must be taken into consideration
when comparing climatic information from
one part of the cold regions to another. The
abundance of meteorological daia available
from the more populated regions of several
cold zones permits extrapolation to analogous
areas where records are lacking. In the higher
iatitudes and elevations, sparse or nonexistent
meteorolcgical records make identification of
zonal boundaries and evalvation of elevation-
temperature regimes difficult. It is sometimes
possible to use low elevation weather records

to cstimate temperatures for higher eleva-
v tions.
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On the high Creeniand Ice Cap where no
melting occurs in most vears, the amplitude
of the annual temperature cycle approaches
zero at 8 to 10 m (26 to 33 ft) below the
surface (Refs. 27, 28). Comparisor of the
snow tcmperature at this aapth with availabie
synoptic data from a few s.ations on the lce
Cap that have been manned 1vr a period of at
least 12 mo shows that it is verv clos: to the
mean annusl {emperature as measured i a
waathier instrument shelter. By use of this and
snow profile temiperature data, a lapse rate of
Q.7 Jdeg 71100 m (3.84 deg F/ 1,000 ft) is
founid. ":¥is was used to construct the map of
Fig. 5-8 showing the mean annual air tempera-
ture distribution on the Greenland Ice Cap.

Th-'f frequency at which a potentially dele-
teriowk temperatule may occur is an impor-
tant factor in aperzticas in the cold regions.
Th~ percentage frequency of times that the
temperature is below -31°C (- 23.8°F) for the
month of January in the Northern Hemi-
sphere is shown in Fi3, 5-9 (Refs. 29,30). The
n2ed for a ratiunal inierpretation of such
maps is emphasized by the recorded occur-
rence of seveial consecutis ¢ days with temper-
atures above -1°C (C0°F) accompanied by
some rainfall in January 1958 at weather
stations in the Canadian Arctic north of
latitude 75 deg. At the same general latitude
in north Greenland, as many as seven consecu-
tive days with maximum temperatures of
-a3.6°C (—~50°F) or lower have been recorded
during winter. At Snag, Yukor Territory, a
minimum of -48.4C (-55°F) or lowsr has
oecurred Gii an average of 6 daysyr! fo. the
more tnan 52 yr of record.

The temperaiwe-frequency map presented
in Fig. 5-2 perinits 1 reasonable evaluation of
operational limitations. Where the ambicnt
temperature remains below -31.6°C (-25°F)
for several days, most operational capabilities
are reduced by 50 percent. Several additinnal
days czn result in alinpost total immobiliza-
tion. At that temperature so much time must
be devoted to protection of facilities and
equipment and to survival efforts that gainful
activities are reduced to ineffectual levels.

AMCP 706-115

Windchill adds to operational problems in a
cold area. Low air temperature accompanied
by wind increases the cooling effect of the
atmosphere which increases human discom-
fort. Siple and Passsi developed a windchill
formuia which has bscome widcly accepted as
the most satisfactory measure uf potential
human discomfort in the cold regions (Ref.
31):

K, = (100V+1045- V)(33- TQ (6-1)
where

Y, = windchill, the cooling effect of the at-
mosphere, kcal mi™? hr?

V = windspeed, m 37
T,= air tumnerature, °C

From experiments it was determined that
windchill values could be associated with a
subjective sense of cold by the human body
but windchill has no meaning when used to
indicate the cooling rate of inanimat~ equip-
ment since it does not include all avenues of
heat transfer that may be active during a test
(Ref. 32).

The U.S. Air Force, recognizirg faat the
subjective approach Las scme value in “cnnec-
tion with survival of airczaft crews, prepared
the windchiil chait preseated in Fig. 5-10.
This chart in one form or another generally is
used by the Armed Forces in planning arctic
activities

Frequent and persisient temperatuse inver-
sions are 1 characteristic of the cold regions.
Normally, ‘he ten'perature of the jower level
of the atmosphere (troposphere) decreases
with height. The Lyguter warm air nesr the
ground rises through the dense cooler air,
setting up convection:. processes which in-
duce a thorough mixing of the air, When the
ground surface is chilieé by radiation aeat
iosses or evaporative cooling, ot when there is
inflow or intruscn of a low temperature layer
of air near the surface, an invenion develops.
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The cool air in contact with the ground, being
heavier and denser than the warm air above,
gstablishes a stagnant condition which may
prevail for days. With radiational or convec-
tional warming of the ground surface at a
minimum, the air temperature inay be low-
ered to the dewpoint temperaiuie and fog
may form. N

If the ground is warmed by solar raJiation
dr ag an inversion without sufficient energy
being developed to establish normal convec-
tive processes, the inversion may lift a few
teas »f feet above the ground. If the ground is
covered by snow, diffused sunlight pene-
trating the overcast and reflected betwe=n the
snow surface and the fog or cloud base
produces the classic whiteout.

Typical temperature inversions measured at
several stations in the Arctic ar> shown in Fig.
5-11. Steeper gradients than illustrated in this
figure are not uncommon. A statistical survey
of inversions at a number of stations located
in the extreme cold zone showed that inver-
sion thickness—i.e., lieight above ground at
which normal lapse rates are reestablished—is
much greater during cold raontas of the year
than during warm months (Ref. 33). Inver-
sions with their bases at ground swface occur
more frequently during the cold months, and
whiteouts with the fog or cloud base at some
elevation abcve the snow surface occur most
frequently during warm months. The steep-
ness of inversions is greater during the cold
months than in the warm season. Winter
inversions of more than 9.1 deg C/100 m (50
deg F/1,000 ft) have Lzen measured in Green-
land and at the South Pole. These steep
inversions were associsted with o surface
temperaturz of -55°C (-67°F) in the Arctic
and -74.5°C (- 102°F) in the Antarctic. Such
stee:p gradients do not occur where inversions
and fogs are associated with tempersture
differences between land or extensive ice
sheets and oper water, nor where a maritime,
albeit }ow-temperature, climmate dominates the
environment.

T A AL D MRS S ST T 8 I A T T S A T AR IR S R T S TR MR NW’WWWW@WW\
AMCP 706-115

5-3.3.2 SNOW

Saolid precipitaijon, primarily in the form
of snow, is an inxportant envircnmental factor
in the cold regions. Often, activities are
stopped compl:tely by snow. Materiel can be
ineffective or damaged when operated in
SNOW.

Annual snowfall in the cold regions of the
Northern Hemispherc veries from as little as
25.4 cin (10 in.) to more than 20.3 m (800
in.). In water equivalent ters, this is equal to
about 7.8 cm to 3.05 m (1.5 to 120 in.) of
precipitation. Orography plays an impcrtant
part in distribution of snowfall. The norih-
south axis of tlie Western Cordillera imposes a
barrier to inflow of warm moist air trorn the
Pacific Ocean into the continental area of
North America. Some of the largest siucw
storms of record are reported from locations
along the west slope of the Sicrra Nevada,
Cascades, and mountains of Alaska. The single
storm snowfali in this highland regime prob-
ably is not exceeded anywhere else in the
world. At Donner Pass in the High Sierra. 2.1
m (83 in.) of snow fell in 24 hs, the highest
snowfall rate on record. At Tamarack, Calif .
also on the west slope of the Sierra, 9.9 m
(390 in.) of snow fell in 1 mo. At Thompson
Pass, Alaska, on the Richardson Highway,
24.8 m (975 in.) of snow fell in one winter.
All of these events occurred in recent times.

The Himalayas, wiik their east-west axis,
intercept the northward flow of warm moist
air from the Indian Oceun. Since the Hima-
layas are located close to the Tropics, moist
air must be lifted to a greater elevation before
snowfall occurs. Here the winter snowline is
located at approxiwately 2,130 m (7,000 ft),
while on the west slope of the Sierra Nevada,
it is about 1,220 m (3,900 ft). The orographic
influence on snowfall also may be cbserved in
the Alps, the Appalachians, the mountains of

central Quebec, and on the Greenland Ice
Cap.
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Lesser annual precipitation in the form of
snow during winter in midcontinental areas of
both the Eastern and Western Hemispheres
may be cue to the precipitation shadow effect
of mountains, to the low initial moisture
capacity of the airmasses associated with the
major winter storms, or to the long trajectory
of storm paths over dry continental areas with
little opportunity for moisture pickup.

5-3.3.2.1 SNOW COVER. Accumulation of
seasoral snow cover is a function of the
seasonal volume of precipitation and tempera-
ture cycles. In the extreme cold cone, the
mean snow depth during the month of maxi-
mum depth on the ground may equal or
exceed the mean depth for the corresponding
period in the intermediate <old zone in spite
of much greater annual snowfall in the latter
zone. Freaquent winter thaws in the intermedi-
ate coid zone may reduce the seasonal snow-
falt of 102 to 152 cm (4C to 60 in.) or more
to an actual maximum seascnal cover of 30.5

to 45.8 cm (12 to 18 in.) in undisturbed

arezs. In the extreme cold zene where no

meliing occurs for 4 ‘o 8 mo. a seasonal

snowfaii of 61 to 76.3 ¢cm (24 to 39 in.)

produced a maximum snow cover of 25.4 to

50.8 cm (10 to 20 in.) during the month of

maximum depth. The difference between

recorded annual snowfall und actual depth of

snow on the ground in the extreme cold zone

is due to secttling, consolidation, and meta-

morphosis of the snow grains, not to melting

as in other zones of the cold regions.

World distribution and duration of seasonal
snow cover are shown in Fig. 5-12. This shows
that the major snow-caused probiem areas of
the world are in the northern cold regions.
The Jocation of the zero-duration snow cover
isoline in this figure does not identify the
southern limit of snowfall. Snowstorms of
sufficient magnitude to create tratfic and
communication problems do occur occasion-
ally south of this line.

The average seasonal maximum snow depth
on the ground in the cold regions of the
Northern Hemispherc is shown in Fig. 5-13.
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This shows the maximum depth on the
ground as reccrded at the end cf the month
with maximum snow on the ground. Data
used in the preparation of this map were
derived from climatological records covering
periods up to 30 yr.

The largest incnthend depth of snow as
report:d for the winter season is usually less
than winter maximum since the heaviest
snowfall producing the maximum winter
depth may have occurred early in the month
(Ref 34). Settling and possibly some melting
with no subsequent snowfall during the
month may reduce the record monthend
depth to less than winter maximum.

In Canada. a factor of 1.236 must be used
to convert monthend maxima to annual
maxima where such information is needed for
operational or design purposes (Ref. 34). This
conversiun factor appears to be particularly
applicabtle where the only available records of
snow depth are those obtained from periodic
snow surveys made for hydrologic purposes.

Although the maps in Figs. 5-12 and 5-13
give some idea of the world distribution of
depth and duration of snow cover, they fail to
iltustrate adequately snow accumulation in
the highlands of the cold regions. In the
mountains, seasonal snowfall may accumulate
to as much as 9.3 m (30 ft) or more and
persist for 4 to S mo. Keeping highways,
railroads, and airports open and maintaining
cemmunication services in these ateas is a
costly process suitable only to a high level of
industrial economy or military necessity.

In the cold regions of the Northern Hemi-
sphere, the greatest accumulation of s2asoxal
snow occurs between latitudes 40 and 60 deg
N. The decrease in accumulation northward is
due to lesser annual precipitation and south-
ward to intermittent melting during the win-
ter. Seasonal accumulation zlso decreases with
altitude above somes clevation determined by
the orographic and meteorological features of
the region. The decrease in depth of snow on
the ground at higher elevations may be
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Figure 5-13. Maximum Annual Snow Cc ir in the Northern Herisphere (Ref. 35)
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masked by thc efficts of topograpliy and
exposure. High w'nds may sweep exposed
areas clar of sinow and deposit it in protected
areas to depths several times the normal
snowiall for the locality. Sig. 5-14 shows how
exposed peaks at high elevations may be

denuded of snow by frequent periods of high
winds.

An excellent illustration of the effect of
elevation, latitude, and exposure to prevailing
storm tiacks on seasonal snow accumulation
is shown in Fig. 5-15. It is apparent from this
map that there is an increase in the annual
accumulation of snow from about 30 cm
(11.8 in.) of wuter equivalent ne.r sei Jovel to
60 cm (23.6 in.) water equiveient zi an
cievation of about 2,500 m (8,200 ft} and
then a decrease to 20 cm (7.9 a.) water
cquivalent snow about 3,000 m (9.850 ft)
across central Greenland. This chaige in
annual accumulation of snow with elevation
along the westward face of the Ice Cap
exiibi’s a uniform pattern that is illustrative

of the orographic influence of the lce Cap on
the prevailing westerly storms that pick w-
large supplies of moisture as they cross th:
cpen waters of the Labrador Sea and Davis
Strait. The effect of latitude s illustrated by
the change in accumulation fromn ab. ut 90 cm
{35.4 in.} watsr equivalent south of latitude
60 deg N. to 30 cm (11.8 in.) near 70 deg N.

and 10 cm (3.9 in.) along the crest of the Ic2
Cap.

5-3.3.2.2 SNOW LOAD. Although depth of
snow on the ground imposes a physical barrier
to mobility, it iz the weight of the snow, or
the snow load, that must be taken into coii-
sideration for design criteria in the cold
r=giois. Conversion of depth of snow on the
ground to weight from which snaw-load
values may be: computed is difficult. Nowfall-
en snow may have a density of less than 0.01

g cm™, and older snow density may exceed

N.05 g cm™. The map of Fig. 5-16 shows the
naximum probable snow load to be expecied
in Canada and the Unite.d States.

The isopleths in Fig. >-16 are indicative
oniy of the probable maximum snow load in
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any locality. Rain ou snow can add appreci-
ably to the load, particularly if the snow is
cold enough tc cause freszing of the rain in
the snow cover. High wvinds may clear the
snow load from some structures, or transfer
and even increase the load on portions of
other structures. Where the snow load is not
removed by wind, the increased surface area
created by accumuiated snow may resuit in
the snow load being augmented by wind
pressuze. Figs. -7 and 5-18 are photographs
of snow-rsces soofs with creep-type and
wind-tvpe co'rices, both of which caused
damage bef..% the end of the winter to the

eaves, sidewalls, and wizdows of the building
shown,

in the extrcme rcld zone, the annuai snow
joad may accuisulate year after vear. On the
Greetannd Ice Cap, above the firn line where
these is little or no swirmer melting, ikie snow
load increases at rates of 146 to 489 kg
m2yr?! (30 to 160 Ib ft?y7r ™). Simiiar load
accumulation problems are encountered at

higher elevations in Alaska, Canada, and in
the Antarctic.

Most available records on snow cover that
may be used for computing regional snow
loads are for snow depth onwy. Density or
water equivaient valuvs essential to satisfac-
tory evaluation of notential snow loads are
seidom measured or reported in standand
climatological summaries. To compute snow
loads from the regular weather statior. reports
of depth on the ground, Boyd (Ref. 34)
assumed that 2.5 cm (1 in.) of snow corre-

sponds to a pressure of 4.88 kg m™ (1 Ib
f2).

Snow load specifications in AR 70-38 for
the intermadiate cold, cold. and extreme cold
climatic categories are 195 kg m™ (40 Ib ft?)
for semipermanent instaliations. As shown in
Fig. 5-16, this value may be far too low for
many parts of the cold categories.

B-3.43 GLAZE, RIME, AND HOARFROST

Surface deposits of ice in the form of glaze,
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Figure 5-14. Wincblowr: Snow From: iHigh Elevations Increasing the Snow Burden
at Lower Low's (The “snowsheds” shown in this photograph protect the
transcontinental railroad crossing Donner Summit, Calif., from the
20- to 60-ft drifts which often block the parallel
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interstate highway.)
(Photo by R. W. Gerdel}
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Figure 5-16. Maximum Probable Snow Load on a Herizontal Surface ()b %2} (Refs. 36, 38)
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rime, and hoarfrost are characteristic of the
cold regicns. A coating of glaze ice develops
when rain falls on a surface that is below
freezing. Rime is produced by cloud particles
freezing to cold surfaces and is usually distin-
guishable from glaze by the opacity and lower
density of ine devosit. Rime commonly forms
on the windward side of an object. This
windward development of rime on a tree is
shown 1n Fig. 5-19. Similar and frequently
miuch more massive forms of rime develop on
all types of exposed structures in maritime
climates and at high elevations in cold regions.
Hoarfrost is a sublimational product churac-
terized by a feathery network of fragile
crystals with a very low mass density. It is
deposited commonly on cold surfaces in clear,
calm air. it may be considered the winter
. «quivalent of » Licavy dew.

Glaze i~ 1s:uw  ransparent to translucent
and has a Jens. - - sroaching that of pure ice
(0.9 g cm™ . i+ - . is translucent to opaque
and the dernsity «saally falls within the range
of 0.1 to 0.6 gem™ (6.2 t0 37.51b ft™3). The
mass density of hoarfrost is almost impossible
to measure, but it is probably less than 0.2 g
cm™ although the single *“‘blades” or “cups”
that give hoarfract its striking patterns will
have a density approachi~g that of pure ice.

Some idealized tempcrature curves asso-
ciated with formation of precipitation as
snow, glaze or sleet, and rain are shown in
r:g5. 5-20. Too little is known about (empera-
tare stratification in the lower atmosphere
during formation of glaze and sleet to identify
the actual conditions contributing to deposi-
tion of one or the other of these forms of
precipitation.

Probably the most comprehensive treat-
ment of glaze, rime, and hoarfrost from the
standpoint of metecorological occurrence, geo-
. graphical distribution, economic damage, and
control practices is presented by Bennett
(Ref. 39). Fig. 5-21 is a map of the Northern
Hemisphere showing the ‘‘glaze belt” of the
cold regions. It has been prcpared largely
from n.aps and other information presented

by Bennett and supporting material from many
quasi-technical sources and news articles.
Lack of satisfactory meteorological records
prevents extension of the glaze belt on this
map through Asia, but probably much of
interior Asia is relatively free of ice storms.
Rime may be expected frequently in the
southern Asian Hiphlands. Although data are
sparse and inconclusive, it appears that heavy
ice storms are frequent in Japan and along the
Asian coast.

The frequency of occurrence of ice storms
and extent of damage produced by them is
difficult to evaluate from official weather
records. Conditions in urban areas where
weather stations usually are located may not
indicate the extensive coverage of freezing
rain in the open country during a major ice
storm.

5-3.3.4 SOLAR RADIATION

Solar radiation in the cold regions has
several unique characteristics. In winter, the
long winter night with zero solar radiation
lasts for longer than 2 mo at a latitude of 70
deg N. In contrast, the solar radiation of the
iong summer day provides the polar regions
with a higher level of daily solar radiation
than occurs elsewhere on the earth. In addi-
tion to this wide range of solar radiation
levels, other phenomena such as the “green-
house efiect’”, whiteout, and atmospheric
refraction contribute to a diverse solar radia-
tion environment.

The “greenhouse effect’”, which is most
pronounced in the cold regions, results from
the confinement of radiation to the surface of
the earth by atmospheric absorption and
reflection. Incident solar radiation penetrates
the atmosphere and is absorbed at the surface
of the earth. Long wavelength radiation from
the surface provides thermal energy to heat
the atmosphere, and some portion of it is
radiated into space. The arctic cloud cover,
primarily in the summer, reduces the amount
of long wavelengtl. radiation that escapes to
space to under 3 percent (Ref. 40). Tais
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Figure 5-19. Rime Formetion on Tree Branches
{Photo by R. W. Gerdel)
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causes rapid melting of the snow cover and
arctic ics sheet and produces a wet, often
impassabie, terrain during the spring thaw and
ice breakup period.

The sirong, persistent inversions that are
characteristic of higher latitudes produce ex-
traordinary atizospheric refraction phenon-
enia. Mirages are common, sharply defined,
and freqguerily so extensive, particularly in
coastal areas, that explorers have reported
large :mndmusses where none exist. In the
presei.o: of {wo or more inversion layers,
which is not uncommon in the Arctic, a
mirage may cur<t of multiple or vertically
elongate ! imuges which give a false impression
of the hicight of coastline features and raoun-
tains. The term “ice blirk” has been applied
to mirages produced by refraction of snow-
covered landforms or massive ice features.

Atmospheric refraction phenomena (vari-
ously referred to as ‘‘terrestrial scintillation”,
“atmospheric boil”, and “shimmer”) may
influence object recognition and surveillance
capabilities in cold regions. Image distortion
and apparent, though not real, image moiicn
are caused by propagated turbulence and
fluctuations in atmospheric density along the
line of sight. Optical shimmer in a horizontal
path above sncw cover may be greater than
over any other type of surface (Ref. 41). The
optical perturbations that cause deterioration
in visual resolution are the product of incom-
plete turbulent mixing of thermally stratified
layers of air near thz ground. Visual resolu-
tion deteriorates sy:tematically as the vertical
temperature gradicnt incisases. Under clear
skies, deterioration of resolution ir.creases as
windsreeds increase up to 8 km hr? (5 mph)
and then improves with further increases in
windspeed. Optical shimmer is at 2 minimum
and visual resclution at an optimum under
low overcast. However, low overcast above an
unbroken snow surface also creates the opti-
mum conditicn for whiteout with the ac-
companying lack of contrast and depth per-
ception.

When sunlight is diffused through an over-
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cast with multiple reflection between the
cloud base and a continuous snow cover, the
environnient becomes almost uniformly
“whitened”, a condition :n which there are no
shadows and visual orientation is difficult.
This is the characteristic cold region phenom-
enon calied “whiteout”. In a typical, full-scale
whiteout, under ( ontinuous overcast, there is
toral lack of con-rast between the sky and the
sniow surface. Si ice there is no horizon usable
for 1cference, purspective involving judgment
of distance is limited to a few feet although
actual horizontal visibility of dark objects is
not materially reduced. The uniform, spatial
albedo or reflectance of snow surface for
diffused light obliterates all surface features
so that drifts, wind etchings, footprints, and
tracks produced b sleds or vehicles are not
visible. Reduction in visual contrast may be
sufficient to cause a man to stuinble over a
S-cm (2-in.) “mountain” or into a S-cm (2-in.)
“gully”, as one polar explorer is reported to
have renlarked in describing a whiteout. Fig.
5-22 illustrates the conditions typical of a
whiteout on polar ice sheets. A similar condi-
tion occurs on ics-covered lakes or s2as when
there is an unbroken expanse of snow cover.

Contrary to a somewhat common assump-
tion, the color of an object doe- not affect its
visual range in whiteout. The color contrast
between an object and its background falls
below the chromaticity threshold when ihe
distance between the observer and object
approaches the visual range limit (Ref. 42).
Colored trail markers. colored paints, and
color-tinted glasses are ineffective as aids to
improvement in visibility during whiteouts.
As distance increases, colored objects appear
gray long before they merge into the back-
ground and become invisible.

The high albedo of snow-und-ice-covesed
areas produces a background of very high
luminance under clear skies. The high lumni-
nance may contribute tc an increase in
contrast between an observable object and the
background with some improvement in visual
range and recognition. Atmospheric boil or
scintillation may attenuate details, however,
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Figure 5-22 Whiteout Development on the Greenland ire Cap
(Photograph by R. W, Gerdel)
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so that any improvement in contrast may be
more than offset by loss in resolution. In
nonturbuient, clear air, the absoiute visual
range maximum is aitzined with a black
object against a white background. In nature,
there is no whiter background than a new
snow surface. Any dark, nonreflective object
that does not lose its “blackness” by re-
flecting light from the surroun-ings wifl be
highly visible with a snow background. A
dark, olive-colored tent and 4 vehicle painted
the usual olive or dark green color are
examples of objects that are essentially black
when viewed against a snow background.
Very white or bright objects with high albedo
will reflect light and tlend into a snow-
covered background. Moving, light-colored
objects arc more readily detectable than
statiopary ones. When the sun is behind the
observer, the object may be less readily
detected than when the sun is behind the
object being viewed. This is due, in part, to
the mixed contrast effect produced by the
lower reflectance of the snow surface in the
shadow created on the snow surface by the
object. Over snow cr .ce, from the air or from
the ground, under conditions of high surface
albedo and high luminance, improvements in
visual acuity may be achieved by making
observations over the widest possible angle.

6-3.3.5 OBSCURANTS

Water fogs. ice fogs, and blowing snow are
the migoot coramon Ousuranis thai reauce
visibility in coild regions. Steam fogs occur
over open leads on the Arctic Sea at all
seasons but are most prevalent during suminer
and often create a navigational hazard. Sea
foge and low stratus inflowing over coastal
arcas impedc both air and ground transporta-
tion in the Arctic during stunmer months. At
high elevations, radiational and advectional
fogs may persist for several days, immobi-
lizing all surface and air movements; as low
fogs, they are additive in their effect on
reduction of visibility and target recognition
during whiteouts. Fig. 5-23 shows the effect
on visibility of fog over a snow surface. It
should be compared with Fig. 5-22 which
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shows visual conditions in a typical overcast
whiteout.

Ice fogs may form at temperatures below
-3C°C (-22°F) and probably will form at
temperatures below -40°C (-40°F) when
atmospheric moisture is provided by combus-
tive or explosive processes. They are most
common during the dark period of the arctic
winter when the essertial extreme low tem-
perature conditions prevail for several days.
Ice fogs may vary from a light fallout of
minute ice crystals called diamond dust to a
dense manmade fog caused by pollution of
the atmosphere with water vapor from auto-
mobile exhaust and residential and industrial
effluence. A dense ice fog over Fairbanks,
Alaska, during a period when the air tempera-
ture was about -40°C (-40°F) was sustained!
by a water supply of 600 kg min™ (1,300 1b
rin!), delivered to the atmosphere from
local residential and industrial heaiing plants,
cooling ponds of thermal generating stations,
and automobile exhausts (Ref. 43).

Visibility during an ice fog may be reduced
to as little as 3 m (10 ft). The slowly falling
particles may consist of wecll-formed ice
crystals or spherical crystals with only rudi-
mentary faces. When weil-formed hexagonal
or columnar ice crystals predominate, there is
a spectacular scattering of light in an ice fog.
Vertical and horizontal ravs oxtead from
automobile headlights and street lights, and
the scattering of light by the crystals makes
iudgment of distance almost impessitie.

Because of their small (2 to 20 um) average
diameter, ice crystals fell very slowly. With an
increasingly available supply of watas vapors
and ruclei as products of combusion in
densely inhabited areas during extremely cold
weather, there is a continuing concentration
and increase in demsity of ice fog, which
usually will not dissipate fully until the
atmospheric temperature rises above - 18°C
(0°F). The crystals mzy sublime into warmer
air or they may aggregate, growing into snow
crystals with sufficien? mass (o fall out.
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Figure 5-23. Attenuation of Visit ity by Fog
(In this photograph, the fog is a physical obscurant,
additive to an optical whitsout
illustrated ir Fig. 5-22.)

{Photograph by R. W. Gerdel)
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At high elevations, a form of ice fog
develops at comsparatively high temperatures.
It usvally is associated with hoarfrost or rime
formation at a few degrees below freezing.
Crystals suspended in the air appear to have
been formed originally as frost or rime on
trees or other objecis exposad to supersatu-
rated or supercooled saturated air, and cooled
by longwave radiational heat loss. Some of
the crystals appear to be attached so lightly
that only a light breeze is required to scatter
them through the air, creating a condition
similar to the diamond dust fallout of the
high Arctic. The small crystals frequently
adhere to the windshiclds of automobiles
traveling over a mountain pass, creating a
visibility problem far greater than their actual
mass in the atmosphere would imply. Fre-
quently these high temperature ice fog crys-
tals are sufficiently tenacious to cause icing

similar to that occurring during a freezing
rain.

Blowing snow is an atmosphere-borrie ob-
scurant common to all parts of cold regions.
‘Reduction in visibility by blowing snow may
occur dGunng a snowstorm, or when recently
deposited, unconsolidated snow is lifted from
the surface by high winds. The reduction in
contrast and visual acuity during a blowing
snowstorm is shown in Fig. 5-24. As shown in
this photograph, the presence of objects that
may channel the wind and increasc its valoc-
ity aggravate the condition. The usual combi-
nation of blowing snow and 0w temperature
with extremefy high winds results in almost
total immobilization of all forms of transpor-
tation. Heavily populated metropolitan areas
are as susceptible to traffic delays caused by
biowing snow as are the highways througii
mounta‘n passes. Tractor trvains casrying sup-
plizs to industrial and niilltary facilities in the
far north may b> stalled for days, waiting ror
the end of a blowing snowstorm and improve-

ments in visibility.

£-3.3.6 TERRAIN

Terrain in the cold tegions is characterized
by snow cover and ice. Vegetation varies from

5-62

forests to barren, permanently snow-covered
soil. Tundra and muskeg are unique terrain
features of the cold rexions. White overall
precipitation is not large, the spring thaw, the
huge glaciere, and the permafrost create a iand
of lakes, streams, and swamps that creates a
formidable mobility problem.

5-3.3.6.1 GLACIERS. Geologists and physi-
cal geographers recognize two basic types of
glaciers—mountain glaciers and continental ice
sheets. Mountain glaciers occur throughout
the cold regions. In the cxtreme cold zone,
glaciers may extend from the highest peaks
down to sea level. In the southem highlands
of the intermediate cold zoie, they may be
limited to inactive, cirque-confined ice rem-
nants. Where they flow out of valleys and
spread out on plains at the foot of mountains,
piedmont glaciers often provide trafficab’e
access routes to high elevation sites that may
have strategic importancc. An example of a

mountain glacier discharging onto a coasts!

plain is shown in Fig. 5-25. High mountain

glacters are the major source of water for

many of the northem rivers that provide
navigable access to inland regions in summer,
and ice-covered natural highways in winter.

Continental glaciers cover the Antarctic,
Greenland, and a part of Ellesmere Island in
Canada. They are dome- or shield-shaped
masses of ice which in the Antarctic and in
Greenland are more than 3,030 m (10,000 ft)
thick near their center. The Greenland ice
sheat occupies morse than 1,800,000 km?
(700,000 mi?) of the total 2,200,000 km?
(850,000 m?} of land arca. ’t reaches the sea
or cpastal plain in the form of valley glaciers,
high, steep ice cliffs (Fig. 5-26), and floating
ice shelves. The Humboldt Glasier in North
Greeniand (Fig. 5-27) is an ice shelf 20 kmn
{50 mi) wide end 90 m (300 ft) above sea
level where it rea~hes the ~ea. Tabular icebergs
or small ice islands, 90 m (300 ft) thick and
up to several square miles in area, constantly
break off the ice sheif during the summer ard

float southward into the sea lanes of the
Atiantic.
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Figure 5-24. Attenuation of Visibility by Blowing Sncw
{In this photograph the diffusion of sunlight is additive
to the obscuration caused by the blowing snow.)

(Photo’yeph by R. W. Gerdei}
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Figure 5-26. !ce-cliff Front of a Continental Glacier With Term
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(Photograph in North Greenland by R.
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In contrast to mountain glaciers which may
move downslope at rates of a meter to several
meters (several feet to several yards) per day,
the continental ice sheets are relatively stable.
Movement at higher elevations in the interior
regions is on the order of several centimeters
per year. The slow horizonta! movement
permts the establishment of 1easonably per-
manent facilities on or within the ice such as
Camp Century in Greenland. Such facilities
will be destroyed by the pressure of accu-
rauletive snow loads as they become sub-
m>rged in the ice loug before any appreciable
damage develops from horizontal shifting of
the continental ice sheet.

5-3.36.2 ICE COVER. In most cold regions,
an ice cover forms an open water during
winter monthe sufficiently to interfere with,
or totally halt, navigation for 2 to 4 mo each
year. Ice does not form on the open sea in the
intermcdiate cold zone, but coastal harbors
may become icebound and require sgecial
efforts to maintain navigation. A notable
example of heavy ice cover on a major harbor
occurred in 1844 when hand labor was
required to cut a channel about 7 mi long
throvgh the ice in Boston Hurbor to release
outbound and inbound ships. In 1852 an ice
cover at the headwaters of Chesapeake Bay
was so thick and persistent that it interfer=d
with navigation for 2 mo.

Ice jaras, formed when heavy rains and
rapid melting bicak up ics cover in upper
reaches of a stream, cause development of ice
fioes larger than the channel can contend
vith. Such floes cau have material effect on
nzvigation ~..d Qydroelectric installations. The
M:ssissippi Rever was totally blocked by ice
jan:s at ;iew Orleans in 1899.

Ice-related damage to property and inter-
ferencz with trunsportation probably cause
greacer annual economic loss in southern parts
of tiie cold regions of the Northern Hemi-
sphere than all of the ice cover—several orders
of magnitude greater in thickness and vol-
ume—that is formed during a single winter
season in the cold and extremely cold zones.
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Since the freezing point of sea water is
approximately -2°C (28°F), extensive ice
cover develops or. ocean water only in cold
and extreme cold zones. In the extreme cold
zorne, sea ice cover reaches a thickness of 1 to
3 m (3 to 10 ft) annually. In summer the
continuous cover breaks up into floes which
drift wivih wind and current.

Fig. 5-28 shows the arez of ice cover ana its
duration in terms of navigability for the cold
regions of the Northern Hemisphere (Ref.
36). Navigabiiity occasionally may be affected
by ice jams and ice covers produced by
ahnormally low temperatures some 10 deg of
latitude south of the 100-day isoline on this
map.

By taking advantage of open leads that
Jdevelop in the arctic pack ice for several
weeks each summer and with the assistance of
large icebreaker ships, strategically located
stations around the perimeter of the Polar
Basin are recuiving annual logistic support by
sea. With underice navigation by nuclear-
powered submarines having been proved feas:-
ble and with continuing improvemsnt in
aircraft operational capabilities in tiie extreme
cold zone, routine support and maintenance
of Aictic- and Antarctic-hased estabiishments,
including those on floating island- ".re now
feasibie.

When ice cover develops on calm ~ater in
laxes, pools, and the quicscent reaches of a
stream, crystallization usually starts from the
shore or solid objects prciecting above the
water surface. If the watc: surface is not
greatly disturbed, a stable ice sheet rapidly
forms by outward growth from the initiai
region of crystallization.

jn turbulent streams and on Jakes and the
sea where the water surface is o:sturbed by
wind and wave action and kept in contact
with cold air, a layer of water several inches
to several feet in thickness may be super-
cooled before freezing takes place. Under
suitable conditions of turbulence 2nd rate of
supercooling, the morphological form of ice
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Figure 5-28. Average Number of Days Per Year in Which Water is Unnavigabie (Ref. 3G)
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particles called *‘frazil ice” develops through-
out the supercooled layer. Frazil particles arc
initially disc shapad with a lobate perimeter
and are usuvally less than 1.9 mm (0.04 in.) in
diameter. They continue to form and grow
with some¢ transition toward crystal shape if

the rate of supercooling remains fairly con-
stant.

Frazil ice particles are very buoyant, and,
under turbulent action of stream flow or
waves. they remain in suspension below the
surface or even to the bettom of streams and

“x
shallow lakes.

Vien frazil ice forms in rivers, it clogs
water intakes and leads to formation of ice
jams wnich may cause heavy upstream dam-
age by flooding, and downstream damage to
bridges, piers, levees, and jetties.

Since the water in which frazil ice is
forming or in which it 13 being transported in
suspension remains slightly supercooled,
wood. metal, stone, and other objects in the
water will have a surface temperature at ot
slightly below freezing. This leads tc ad-
herence and eventual ouiidup of frazil ice into
a cohesive mass ot c¢oating of ice cn under-
water objects and on rocks in the riverbed.
This form of submergegd ice is called “‘anchor

»

ice™.

5-3.3.6.3 FROZEN GROUND. An arbitrar-
ily seizcted depth of sessonal frost penetra-
tion into the ground is an engineering crite-
rion for ideniification of the coid ragions. Fig.
5-29 shows the suuthem boundary 2f the cold
regions of the MNorithern Hemisphwsv as de-
{ined oy a C.2-m (1-f1) depth of frost penetie-
tion. A criicria of 100-degvee days of (regzing
temporature was us2q as a5 equivalent for
frost penetration of 0.3 m {1 ftj and a
vecurrence of at ieast once in 10 yr o identify
this southern boundary of the northem cold
regions.

Since thc actual depth of frost penetration
is not ob:erved regularly, cuinulative Qegree

AMCP 708115

days* frequently are used as a measure of
potential frost penetration into the ground.
Several other methods have been used to
derive the cumulative degree-day value for
computing a freezing index. Some are de-
scribed in the Corps of Enginzers publication,
Freezing Index in the Uniter: States (Ref. 44).
Fig. 5-30 shows how the cumulative degree
day curve is used to derive the freczing index
for Caribou, Maine. Maps showing the distri-
bution of mean freezing indexes for Canada

Alaska, Greenland, and northem Eurasia are
presented in TM 5-852-1 (Ref. 45].

Application of the freezing index to estima-
tion of frost penetration into the ground is
complicated by many other factors that affect
surface heat losses and thermal conductivity.
&joisture conient, and structural and textural
composition of svil have a inarked influence
on penelration of the freezing isotherm and
on actual freezing of water in the soil. The
insulating effect of vegetation and snow cover
reduces depth of frost penetration. Under
pavement from which snow has been removed
during winter months, freezing may penetrate
to a depth twice as great as in adjacent brush
or snow-covered fields. The average depth of
frost penctration under different types of
surfaces and ground cover at Duluth, Minn.,
which has a freezing index of about 2,900, is
shown in Table 5-12. In that area, frost
penetrated to 1.75 m (69 in.) under a
concrete pavement but to only 0.75 m €30
in.) where approximately 1 m (3 ft) of snow
coyer insulated the ground.

i1 general, for soil ot uniform texture and
moderate moisture content, frost will pene-
trate about 0.3 m (1 ft) for a freezing index

of 108 5nd 1.8 o 2.4 m (6 to 8 1) where the

*/m wccunvlation or 108 legree days of freczing tempora-
ture is obisired when the sum of the Cifferences betwesn
tke freerin: temperstur2 and she rmesn daily temperature
raaches 100 & a pgiven season. Thus, a mean daily
wemperature of 27°F has a value of 5 F degree davs and »
mean deily tempesatu. » of 33°F has a valve of -2 F degree
days. The cumulstive iotal for these 2 days would be 3 F
degree dsy- of fraesing temperature, it teguires 20 consecu-
tve days of 27°F mean temparatures to accumulate 100
degree days of (reczing tempenatures,
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Figure 5-29. Distribution of Frozen Ground in the Northern Hemisphere {Ref. 43)
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TABLE 6-12

/RS Ded 1

FROST DEPTHS (FOR DULUTH, MINN.} (Ref. 46)

Ao AP AW T AT AR B A SR S 12

TR

Condition Frost depth, in.

2 Bare concrete on sandy soil 69

Bare asphalt on sandy soil 68
Bara sandy soil 68

Grass on sandy soil 66

1 ft of snow on grass and sandy soil 47
; Brush cover on sand, ro snow 47
f Brush and 1 ft of snow on sand 36
; 2 ft of snow on sardy soil 37
% 3 £t of snov on sandy soil 30
]
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freczing index is 5,000. Frequently, ampti-
tude a..d duration of freeze-thaw cycles,
capacity of the surface for absorbing and
retainirg solar radiation, and infiltration of
rain and melt water are factors that influence
the depth of seasonal frost penctration. Use
of the freezing index in the development of
esign criteria for road construction, utilities
instaliation, or foundations in the region of
seasonal freezing requires a thorough undey-
standing of the local environment.

Permafrost is defined as a thickness of soil
or other superficial deposit or even of bed-
rock, at a variable depth beneath the surface
of the earth in which a temperature below
freezing has existed continuously for a long
time (from two to tens of thousands of vears)
(Ref. 11). The definition is based exclusively
on temperature, irrespective of texture, de-
gree of induration, water content, or litho-
logic character. A readily drained soil, rock,
or boulder mantle may be frozen with littie or
no ice present in the voids. Such permafrost
will not have the hardness that develops in an
ice-<cemented material and can bz excavated
readily. Watezlines buried in such dry perma-
frost will freeze as quickly as those installed

.in ice-bonded permafrost of the same temper-

aturs. Any construction or opesational prac-
tice that will permit infiltration: of water into
dry frozen ground will produce the character-
istic ice-bonded permafrost.

An organic form of dry, nonindurated
permafrost may be produced if an area of
muskeg is drained artificially or if the water
table is lowered th.ough some change in the
ratural hydrology of the r.gion.

Permafrost is universal throughout the ex-
treme cold zone of the Northern Hemisphere.
It is prevalent, although really discontinuous,
in the northem part of the cold zone. It is
present, below the scasonal freeze-thaw layer,
at a depth of several inches to 8 or 10 ft and
extends from a few feet to several thousand
feet below the bottom of the seasonally
frozen ground. Fig. 5-29 shows the distribu-
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tion of the frozen ground zones in the
Northern Hemisphere.

Thickzess, distribution, and temperature of
permafrost are not consonant with present
day climate in many areas. In the region
where permaflrost is discontinuous, it often
does not re-fisrm if disturbed. In the region of
continuous permafrost, it may not re-form to
the original depth or acquire the same temper-
ature following large-scale disturbance. Since
permafrost is predominantly a relic of the Ice
Age, its distribution cannot be defined readily
by the freezing index. It does appear that a
freezing index of at least 7,000 degree days is
required to maintain a continuous permafrost
regime.

Permafrost underlies about one-fifth of ail
the land surface of the earth with most of it
in the Noithern Hemisphere (Ref. 47}). Three-
fourths of Asiatic Russia and 45 percent of all
the U.S.S.R. is underlain by permafrost (Ref.
48). The permafrost region of northeastern
European Russia has the most severe climate
in Europe with not more than 100 frost-free
days in the year and a2 mean annua! low
temperature of -50°C (-58°F). Lack of pre-
cipitation in surnmer and rapid evaporation of
the small amount of moisture in the thin
seasonally thawed layer inhibits plant growth,
A mean maximum temperature of 36°C
(96.8°F) in this barren, water-deficient region
makes the summer climate less endurable than
the cold winters.

Mast of Alaska and at least one-haif the
land area of Canada lie within the continuous
and discontinuous permafrost zones (Fig.
§-29). In Alaska, the Brooks Range is the
approximate dividing line between the region
of continuous permafrost which extends
northward to the Arctic Ocean, and the
region of discontinuous permafiost extending
southward almost to the Gulf of Alaska.

6-3.3.7 MATERIEL EFFECTS

In the cold climates, the mos? important
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effects of the environment are immediate.
When a heavy snow occurs, surface mobility is
immediately degraded and with sufficient
accumulation becomes zero; if the tempera-
ture drops below -25°F for several days,
operationai capavnities are reduced 50 per-
cent. If the low temperatures persist for
several additional days, then all effort is spent
on survival and operational capabilities are
zero. Field operations in much of the cold
regions are difficult, even in the sumiaer
montas, because of the wet, unstable terrain.
When the teraperature drops below -40°F, ice
fog forms due to combustion products ema-
nating from vehicles, power stations, and
heating facilities. The result is an obscured
atmosphere which persists untii the tempera-
ture rises or the wind blows. These examples,
however, represent only the extreme. In the
densely inhabited intermediate coid rcgions,
incursions of the cold climate impede activ)-
ties, causc great expense, and do much dam-

age.

Low temperatures, by themselves, are not
damaging to materiel. Items that had been
exposed 1o severe cold for years have been
found to operate well. In fact, man creates

the arcticlike conditions to preserve perish-
able food for future consumption. Most direct
materie! damage results from changing tem-
peratures or from cold temperatures com-
bined with other environmental factors. Plas-
tics, rubbers, and metals are embrittled at low
temperatures. If they are subjected to shock
or vibration, they may fail. Melting and
refreezing of ice often causes mechanical
linkages to be jammed. Freezing of the
ground can cause accumulation of water and
can lead to displacement of structures and
roadways. The properties of fluids change
with low temperature; lnbricants can become
ineffective and batteries witl cease to store
electrical power.

I: summary, the cold climate has little
deteriorative effect on materiel, but when the
materiel is uszd at low temperatuses, its
performance may be degraded. Operationally,
the combined effect of the many environ-
mentai factors associated with a cold climate
present formidable problems, restricting capa-
bilities and creating a requirement for much
specialized equipment or for modifications of
operational procedures.
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6-1 GENERAL

The description of the environment of
Army materiel, if it is to be useful to design
engineers, must be in quantitative terms. It is
difficult to design and test materie! for a hot,
humid region unless temperature and humid-
ity aata i1or the region are available in
understzndable terms. The need for quantifi-
cation extends to all environmental factors
but the success in doing 50 is limited for many
factors. Macrobiological and microbiological

organisms, for example, are not readily
parameterized.

Equally important to the quantitative de-
scription of environmental factors is the
quantitative description of the effects of these
factors on materiel. Thus, volumincus data
have been coilected on the relationships be-
tween operating tempernture and the time-de-
pendent properties of electrenic components,
on corrosion rates of various materials as a
function of time and environmental condi-

tions, and on deteriorative effects of various
forms of radiated energy.

Both types of data—that on znvironmental
factors and that on their effects—require
measurements that in turn depend on the
availability of standardized measurenient pro-
cedure, instrumentation, calibration stan-
dards, and data processing technigues in order
that th. wmeasurements yield useful data.
Without aii ntion to these matters and their

careful recording, erroneous use may be made
of the data.

Examples of the pitfalls in data collection
and interpretation are not difficult to find. In
one such case, a decreasc in skin cancer
incidence was atiributed to decreasad solar
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CHAPTER 6
QUANTITATIVE ENVIRONMENTAL CONCEPTS

radiation which in turn was attributed to
increased air pollution (Ref. 1). The decreased
sclar radiation was based on pyranometer
data over a 20-yr period for which regression
analysis showed a 20-percent decrease in the
annual average of daily incoming solar radia-
tion. The analysis, however, failed to account
for deterioration of the absorbing surface in
the pyranometer and the fact that the pyra-
nometer had been relocated twice during the
period of the record. These factors introduced
uncertainties in the data sufficient to invali-
date the analysis and conclusions.

Time is an important parameter in data on
environmental factors and their effects.
Steady-state conditions rarely exist in the
natural environment. Changes may occur in
seconds—such as when a cloud passes the sun;
or in hours—such as when a weather front
passcs through; or in days—as when the
svnoptic weather pattern clianges. The effect
of an environmental factor may depend on
the intensity of the factor and the time of
exposure in 4 highly nonlinezr relationship.

The nature of the environment and its
effects may be embodied in models that
provide logical relationships between the oc-
currence of environmental factors or relate
effects to factor values. Although such models
are often poor approximations to the actual
occurrences, they serve very useful fun<tions

in environmental analyses. Fxamples of mod-
els would include:

(1) The quantitative descriptions of cli-
matic categories given in AR 70-38, which
provide temperature and humidity ranges and

cycles as well as limits on other factors (Ref.
2)
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(2) Descriptions of typical days based on
accumuiations of weatner records (Ref. 3)

(3) A mathematical relationship between
raindrop size and rainfall intensity (Ref. 4)

(4) The Arrhenius equation for the tem-
perature dependence of reaction rates, which
serves as a model for the temperature-depen-
dent changes in materials (Ref. 5)

(5) The U.S. Standard Atmosphere, which
serves as a model for atmospheric parameters
{Ref. 6).

There are many such models for many
purposes. Some are purely conceptual, while
others are based on a iarge quantitv of data.
They are necessary for quantitative analysis of
the envirorimeat and its cffects.

6-2 QUANTITATIVE FACTOR PARAM-
ETERS

In order that measurements can be made,
the measurable parameters associated with
each environmental factor must be identified.
In some instances, one factor may have a
numver of such parameters and those of
greatest usefulness must be identified. In
other instances, it is difficult to identify even
one measurable parameter. In the subpara-
graphs that follow, quantifiable parameters
are discussed for each of the 21 environ-
mental factors. The general references for
these descriptions are AMCP 706-116 and
AMCP 706-117 {Refs. 7,8).

6-2.1 TERRAIN

Terrain, for quantitative study, is subdivid-
ed intc four elements-—-scil. 1ydrographic fea-
tures, vegetation, and topography. Table 6-i
lists the measurable parameters associated
with each of these elements. Soils being of
greater engineering importance have been
studicd more intensely and have a larger
number of measurable parameters identified,
16 contrastad with 4 for vegetation.
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Topography or surface geometrv includes
the macrorelief and microrelief of the land
surface. Techniques for presenting surface
geometry vary widely and are largely a func-
tion of the use to be made of the data. Relief
maps cdrawn to various scales commonly are
used to express surface geometry but have
little value in depicting surface irregularities
*hat, for example, a vehicle suspension design-
er may require. Therefore, microrelief and ;
macrorelief normally are not presented in the i
sanc terms or units because of scalar differ- :
ences. Microrelief commonly is reported in i
terms of frequency per unit length of several :
hundred feet or yards and amplitude in inches :
since this basical'y describes surface rough-
ness. Pata r2duciion techniques ofien are
applied to make such information m.3re use-
ful. Macrorelief is concerned with the gross
land features and refers to slopes in percent,
elevation, or altitude, and the frequency of
occurrence of these in terms of miles.

Surface composition or soil factors are
considered here to be the characteristics of
the surface of the eartii which determine its i
load-bearing capacity, relative negotiability, 4
stability, and workability. Whi'e the scientist
is concemned with soil type or geologic forma- )
tion, the engineer has more need of physical :
characteristic data that will determine, for
example, the load-carrying ability of the
surface. Soil characteristics regarding strength §
under static loads are reasonably well defined,
nd several systems for classifying soils have N
been developed. The Unified Soil Classifica-
tion System developed by the U.S. Army
Corps of Engineers is one of the more widely
used systems and classifies soils on the basis
of grain size and distribution, liquid limit, and
plastic limit.
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For purposes of mobility assessment, it
generally is accepted that the soil reaction to
dynamic loading must be determined. Many
methods of measuring so0il dynamic strength
have been proposed and evaluated but as yet
the development of a group of soil measure-
ments that will positively determine the
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TABLE 61

TERRAIN PARAMETERS
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Terrain alement

Parameters

Scii

Hydrcgraphic
features

Vegetation

Topography

Particle size
Allowabie pressure
Permeability
Chemical composition
Layer thicknress
Water content
Plasticity

Shear strength

Water depth
Stream width
Bank height
Bank slope

Height
Stem diameter

Slope:

Obstacle approach angle
Obstaclie vertical dimension
Obstacle spacing

Density

Deformation modulus
Cohesive strength

Cone index

Grain size distribution
Atterberg limits
Penetratiun resistance
Bearing capacity

Lake arew
Stream flow velocity
Differential bank height

Stem spacing
Recognition distance

Obstacle width and iength
Power spectral density
Elevation
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mobility of current vehicles has not been
perfected.

Hydrological facto.s are the characteristics
that define the nature of landmass surface
water and the surface underlying it. An
important hydrological factor is simply the
location of rivers, streams, lakes, swamps, or
other bodies of water. Others are the charac-
teristicc of a body of water such as its
velocity, temperature, impurity content,
amount of flow, depth, and width, and the
seasonal variation of each. Descriptions of
water basins sometimes include bottom aml
shereline characteristics as well as obstacles
that may hinder navigation.

Locations of bodies of water normally are
presented on maps drawn to suitable scaie.
Characteristics of the water and flow are
usually obvious from these maps but seasonat
variations are often important enough to be
noted specifically. Stream bed and bank
geometry are presented in a manner similar to
that of terrain relief; i.:., frequency and
height of ovstacles as well as slopes. Charac-
teristics of the bed of a stream or river and
bank conditions should be reported in terms

;¢ will allow an estimate to be made of

:ticular and personnel mobility in crossing.

Vegctation factors comprise the physical
. haracteristics of earth surface plants, tress,
prush, 2nd undergrowth. Charact.ristics of
vegetation are of importance to the environ-
mental engineer when considering the design
of earth-moving equipment i special vehicle
design. Obviously, vegetation characteristics
are of utmoest irportance in activities that
require a vegetated area. Thus, characteristics
that define the physical geometry rather than
the botanical specifics are important to the
environmental engineer. One system for ex-
pressing these physical characteristics has
been developed by the U.S. Army Engineer
Waterways Experiment Station. The terms
used in this system are:

(1) Crown shape

o A M S A TaBL P —aa

(2) Beight

) 'Stem diameter
(4) Stem habit

(5) Branch habit
(6) Root hubit

{7) Stem hardness
(8) Stem succulence

(93 Special properties (spines, cutting
edges, etc.)

(10) Leaf size

(11) Leaf shape

(12) Leaf texture

(13) Leaf presence

(14} Lesf activity

(15) Plant distribution characteristics.

Each of the preceding major characteristics
is broken down into subcharacteristics, and a
symbological system is developed whereby
presentation can be made in chart form
(vezatation siructuze diagrams).

Each cf the separate terrain parameters is
of importance to some activity. Cross-country
mobility, construction, communication, and
other activities require different types of
information on soils and topography. In some
cases, the parameter is of interest to the field
engineer, and for other cases, tha design
engineer or scientist.

Obviously, the parameterization of terrain
as given in Table 6-1 is ir.complete. Variations
in hydrography with the seasone is often of
overriding importance. Terrain parometers are
difficult to associate in analytical expressions
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and a complete description of a complex
tercain would require excessive data.

. “

6-2.2 WJ'PERATURE

Temperature it a measure of the thermal
state of a solid, Jiquid, or gas. It is expressed
in units that are related to absolute zero or to
the freezing and boiling points of pure water.

The four scales or urits used to indicate
temperature are rankine (°P) ana fzhrent+
(°F) in the British system of measurement,
and kelvin (K) and celsius or centigrace (°C)
in the metiic systems. The absolute scaies,
rankine anc kelvin, a.c used primarily when
dealing with thermodynamic expressions.
Fahronheit and cslsius or centigrade common-
ly are used to express relative thermal condi-
tions. The relationships among these scales
can be expressed by the following:

°R="°F + 459,69

K=°C+273.16
(6-1)
°F =(9/5)°C + 32

°C=(5/9¥°F-32)

The climatic temperature in which the
environmental engineer is most interested is
the ambient or surrounding air temperature in
degrees fahrenheit or celsius {centigrade). The
ambient temperature in :i0 way compleiely
defines the thermal regime, but is a strong
index of its general magnitude. Ambient air
temperature normally is measured in a venti-
iated enclosure approximately 4 ft above the
soil suiface, shielded to mimmize heat trans-
fer toc the measuring instrument from solar
and surface radiation. Amtient temperetare
will vary considerably depending upon local
terrain features and height above thz surface,
which is the case whether macroclimatic or
microclimatic conditions are of intercst. One
of the mcre useful techniques in estimating
tempera’ures for locales not in the immediate
vicinity of measuring instruments is the ap-
plication of lapse rate, or the vaqation of

AMCP 706-116

{emperature with altitude, usually stated in
terms of degrees per unit change in elevaticn.
Generalized lapse rates have been computed
for the 1najor climatic zones of the world.

There is no fixed or standard manner in
which ambient temperature data w.re present-
ed. Since temperature is an instantaneous
measurement, many types of data reduction
are =sed io provid.. more 1seful forms for its
expression. Th<.e include frequency, average,
mean, extreme, probability, deviations, etc.
Table 6-2 lists quantifiable temperature pa-
rameters

Temperature data are cxtremely sensitive
to measurement technique and the instru-
mentation employed. Temperatures as mea-
sured in a standard weather instrument sheiter
differ from temyeratures measured in exposed
locations, at different heights, or with a
different sensor. A lov thermal mass ther-
mistor exposed Vo air currents will record
rapid temperature fluctuations while a large
thermal mass bimetallic thermometer will not
respond to fluctuations but will indicate some
average value of temperature.

Recorded temnperature data are subject to
variations related 1o the location of the
measurement instrunents, their care and use,
as well as less obvious factors (Ref. 1). The
network of climatological stati—as of the
National Weather Service includes 13,000
stations operated by cooperating observers
who record daily maximum and minimum
temperatures. One observer, whose observing
record was continuous for 25 vr without a
missed day, carried her instruments with her
on 3 tup in order to preserve the record. It
was noticed that her reported deta were not
consistent for the station lucation and, after
investization, the cause was found and the
data wemre corrected. However, weather re-
cords throughout the woyid are subject to
similar variability.

In the space of iess than 10 mi, tempera-

ture variations in excess of 20 deg F have
been observed and, at a given location, fluc-
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TABLE 62

TEMPERATURE PARAMETERS
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Afr temperature

Soil temperature

Average temperature
Temperature lapse rate
Temperature range
Extreme temperatures
Exceedance probabilities
Diurnal temperature cycle
Annual temperature cycle
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thations over a 2-deg-F range are readily
observed in a i0-min timo span. These obser-
vations make it ciear that reading and record-
ing atmospheric temperaturss to an accuracy
cyceeding | deg F is not worthwhile. This is
not to imply. however, that tempcrature
variations even less then i deg ¥ are not
important it many atmospheric phenomena.

§-&3 HUMIDITY

Humidiiy is a general expression referring
to the amount of water vapor present in the
air. In its several forms, humidity is either
defined or its extent established by the
quantifiable arameters listed in Table 6-3.

Humidity data can be presented in numer-
ous ways, providing the proper identification
is used; i.e., relative humidity as a percentage,
dewpoint in degrees fahrepheit or celsius
(centigrade), etc. Some care must be taken
when averaging data because rclative humidi-
ty, dewpoint, and wet-bulb temperature are
not linear functions of specific humidity and
vapor pressure. Since dewpoint and wet-bulb
temperature generally are regarded as the
better indicators of the amount of water
vapor in the air, the averaging of relative
humidity, dewpoint, and wet-bulb tempera-
ture data per se may be considered to be in
ITOT.

The most common expression of humidity
is relative humidity. This term is much
maligned by the scientific community but
remains popular nevertheless. It is an admit-
tedly poor indicator of the absolute amount
of water vapor in the air unless it is associated
with a dry-bulb temperature, but it is one of
the most simple and practical expressions
regarding the lixelinoed that an object will
give up or absorb moisture from the atmos-
phere. Wete and dry-bulb thermometers are
the most common devices for measuring
humidity; through the use of semiiempirical
psvchioinctric charts or slide rules, wet- and
dry-bulb temperetuves can be converted into
relative humidity or most of the other humid-
ity indices, Other devices for measuring

AMC? 708-118

humidity include (1) dewpoint hygrometers,
which determiine the temperature at which
the water vapor wiil condense on a solid
surface. (2) instruments for determining the
amount of water vapor based on infrared
absorption, and {3) several tyoes of hygrome-
ters using physical changes in, or the
hivgroscopicity of, salts to detect moisture.

As with other meteorological factors,
humidity data are dependent on the proce-
dures, instrumentation, and locations ased in
their coilection. Rapid changes in atmospheric
water content result from transient showeis,
wind direction changes, and solar radiation
variation. Instruments for measuring humidity
are not as accurate as could be desired and, in
general, humidity measurements can be great-
Iy - ~proved.

6-2.4 PRESSURE

Atmospheric pressure is the pressure exert-
‘ed by the atmosphere due to the gravitational
attraction of the earth at the point of interest,
or the pressure of the “column” of atmos-
phere above the point of interest. in engine-
ering terms, pressure is force per unit area;
e.g., psi or dyn cm™2. Atmospheric pressure or
barometric pressure often are megssured and
recorded in terms of the height of a ~olumn
of mercury which the atmosphere will sup-
port. The following units and values are
commonly used to define standard atmos-
pheric pressure:

Standard atmospheric pressure

Millimmeters of mercury 760
Inches of mercury 29.92
Pounds per square inch 14.696
Millibars 1,013.2

Standard atmcsoheric pressure also is known
as sea-level pressure, and pressure sometimes
is not=d as “corrected to sea level”. Station
pressure or pressure measurements made at
elevations different from sea level or zero-feet
elevation are corrected by means of standard
atmospheric charts which are tables listing the
variation of standard pressure with elevation.
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TABLE 6-3

HUMIDITY PARAMETERS

Vapor pressure
Relative humidity
Mixing ratio
Ahsclute humidity
Mole fraction

Dewpoint temperature
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Wet-bulb temperature
Diurnal cycle

Altitudinal variations
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Absolute pre'sure is pressure measured
from a base of zero pressure, while gage
pressure is meusured (and corrected) from a
base of standard pressure. Thus, gage pressure
equals absolute pressure minus 14.696 psi at
standard atmospheric pressure.

Parameters associated with this factor in-
clude only pressure and its extreme valuss,
averages, and distribution.

The largest errors in pressure data result
from the effects of wind and a lack of
knowledge of the temperature of the meazsur-
ing instrument.

6-2.5 SOLAR RADIATION

Solar radiation is commonly restricted to
the radiation *hat is received at the swirface of
the earth. This gererally is reported in terms
of heat energy per unit area per unit time.
These units may be presented as langiey (cal
cni'?) per unit of time or Biu f€2 per unit
time, or W per unit time. The data appear in
totalized form over *ime units of hours, days,
months, or even years. Solar radiation is a
spectrum of wavelengths with different
energy levels at each wavelength. Instruments
or radiometers for measuring solar radiation
have different spectral responses which are
reflected in the data. Fortunately, the differ-
ences are very small and can be igrored for
most design and operational purposes.

One important aspect of solar radiation is
the amount of radiation reflected back to
space by the esrth, which is a function of the
albedo of the earth, estimated to be about 35
percent. A number of factors such as time of
year, latitude, elevation, and atmospheric dust
and mcisture determine the amount of solar
radiation that reaches the surface of the earth
at any particular location. Therefore, solar
radiation data should contain refercnces to
the conditions of measurement to be mean-
ingful. Generalized values of solar radiztion
versus latitude and climatic zones are avail-
able. The quantitative parameters listed ia
Table 6-4 are commonly used.

AMCP 706116

6-2.6 RAIN

When water vapor condeuses in the atmos-
phere, the drops or droplets large enough to
overcome convection fall from the formation
and are observed as rain. The American
Meteorological Society «defines a raindrop as
having a diameter above 0.5 mm (0.02 in.).
Falling drops having diameters of 0.2 to 0.5
mm are referred to as drizzie (Ref. 9). Water
vapor that condenses but does not form large
encugh droplets to precipitate remgins sus-
pended as fog, mist, or haze.

Rain is measured most commonly in rate of
accumulation, as inches of water per unit
time. It very often is averaged or totaled into
monthly, seasonal, or yearly rates. Important
climatic data are amount, intensity, duration,
and number of days on which rainfall occurs.
The amount of rainfali required for a bona
fide rainfali to be recorded is arbitrary; the
National Weather Service records amounts less
than 0.0] in. as a trace. Rain parameters are
listed in Table 6-5.

When rain is collected in a rain gage, the
quantity collected is subject to various instru-
mental errors. However, these errors are sm:il
rompared to those resulting from the way in
which the data are used. One 8-in. diameter
gage, exposed to a 0.5-mi diameter local
shower, may be used to indicate the average
rainfall for a 1,000 mi®> land area. In such
cases, the data are useful only as averages over
large areas and long time intervals which
decrease the impact of the many short range
variations.

6-2.7 SOLID PRECIPITANTS

Snow is measured in rate of fail,
accumulation per unit time, sucn as inches per
hour or inches per yoar, Accumulation in
terms of incihs of waier equivalent per unit
time is aiso u-acitant :n calculating resultant
runoff. Amount, i ensity, duration, and
avmber of days on which snowfall occurs are
important climatic parameters. Although an
effect rather than a measure of the intensity
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TABLE 64

SOLAR RADIATION FARAMETERS

Sunshine intensity
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Mean daily solar radiation

EL

Maximum solar radiatior.

Mean monthly solar radiation
Spectral distribution
Sunshine duration

Cloud cover
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TABLE 85

RAIN PARAMETERS

Raindrop size

Raindrop mass

Raindrop size distribution
Raindrop velocity

Liquid water content
Intensity

Chemical composition
Frequency

Average: monthly, annual
Crobability 3
Extremes :
Number of days with measurable precipitation
Anount

Duration

Radar reflectivity

Raindrop impact energy

Electrical conductivity
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of the factor itself, an important aspect of
snowfall is the accumulation or snowload on
surface objects, reported in pounds per square
inch or grams per cubic centimeter.

Parameters associated with snow are given in
Table 6-6.

Hail, like snow, is reported in terms of
depth of accumulation. An obviously impor-
fant characteristic of hail is the diameter of
the individual hailsiones. Because of the
damage h: ;i can do, the frequency of occur
rence of hail is important, and maps indicat-
ing areas commonly experiencing hail have
been prepared. The other solid precipitants
are less subject to quantitative data collection,

their occurrence is the primary record obtain-
ed.

8-2.8 FOG AND WHITEOUT

Visibility is the most common measure of
the intensity of fog or whiteout, Fog is
characterized by its constituenis and by its
occurrence and effect on visibility using pa-
rameters such ac those given in Table 6-7.
Wiiiteout is less definitively m=asurable since
effects are morc subjective than objective,
although limits of horizontal visibility dic-
tance, he ‘zontal extent, frequency of occus-
rence, * duration may be reported. Atmos-
pheric pressare, dry-bulb and dewpoint tem-
peratures, and wind velocities are pertinent to

studies of fog and whiteout but are not
measures of their intensity.

6-2.9 WIND

Wind is movement of the atmospheric
airmass in relation to the surface of the earth,
most often horizontally. Frera an engineering
standpoint, the most useful description of
wind is in terms of velocity and duration.
Usually either miles per hour or krots are
used to indj=ate speed. Dbservers may in some
cases use qualitstive terms such as hurricane
force, strong, light, etc., which are identified
in tne Beaufort Scale of Table 6-8. The
meaning of the word ‘“‘force” as used in this
scale is indicative of gross windspeed. The
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figures tabulated in the fourth column,
“Force”, indicate the unit pressures exerted
on a surface transveise to*the wind direction
for the various Beaufort numbers and cor-
responding windspeeds. Although they arc
measures of effects rather than the intensity
of the factor itself, they are useful for
engineering applications. Ofi:en when wind-
speeds are high, maximum speeds reached in
gusts as well as maximum sustained spceds are
reported or predicted. Wind direction is also
important and is recorded in terms of com-
pass points or as degrees of azimuth. Many
operations make use of data dascribing the
frequency with which the wind blows from
the several points of the compass on a

seasonal or yearly basis. Wind parameters are
listed in Tabie 6-9.

A useful means for showing the prevailing
wind direction is the “wind-rose”, a diagram
designed to show the distribution of wind
direction experienced at a given location over
a considerable period of time. The most
common form consists of a circle from which
8 or 1€ lines emanate, one for each compass
point. The length of each line is propertional
to the frequency of wind from that direction;

the frequency of calm conditions is entered in
the center (Ref. 9).

6-2.10 SALT, SALT FOG, AND SALT
WATER

Salt as dry fallout from the atmosphere, as
contained in water droplets in salt form, or in
water constitutes an important environmental
factor because of its effects on materials.
Parameters employed to characterize salt in
its various forms are given in Table 6-10.

8-2.11 OZONE

Ozone is a naturally occuring as well as
induced atmospheric constituent. It is mea-
sured in terms of a mixing ratio; i.c., an
expressios; of the amount of ozone in a given
smount of air where both ais expressed in the
same vnits; e.g., parts per million (ppm) or
micrograms pes gram (ug g?) of air. Altena-
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TABLE 66

SNOW PARAMETERS*

Saowfall rate Young's modulus

Snowflake mass Poisson's ratio

Snowflake falling velocity Strength

Grain size Creep rate

Density Sliding friction coefficient
Porosity Viscosity

Permeability Thermal conductivity
Hardness

Dielectric constant

Annual snowfall Reflectance

Mean snow depth Extinction zoefficient

Snowcover duration Snow load

*ith the exception of the first three entries,

these parameters
apply to snow on the surface of the earth.
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TABLE 67

FOG PARAMETERS

Y IRTTLET a2ty et eon bern L P i e

Dropiet size Visible range

o
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Droplet size spectra Chemical composition
Liquid water content Vertical depth

Droplet concentration Duration

Frequency
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TABLE 68 ;
E
BEAUFORT SCALE OF WIND (Ref. 10) ,5
Beaufort é
Beaufort descriptive Velccity, Force, 3
number term mph psf 3
0 Calm Less than 1 0.00 :
1 Light air 1 to 3 0.01 §
]
2 Light breeze 4 to 7 0.08 3
2
3 Gentle breeze 8 to 12 0.28 %
H
4 Moderate breeze 13 to 18 0.67 ;
5 Fresh breeze 19 to 24 1.31 %
6 Strong breeze 25 to 31 2.30
i
7 Modurate gale 32 to 38 3.60 %
8 Fresh gale 39 to 46 5.40 %
k]
9 Strong gale 47 to 54 7.70 i
.9:
10 whole gale 55 to 63 16.50 g
~ 5
k Storm 64 to 75 14.C0 2
3
12 Hurricane , Above 75 17.00+ %
3
kS
3
515 i
3
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TABLE 88.

WIND PARAMETERS

Windspeed Vertical distribution

Wind direction Extreme windspeeds
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Gus*iness Average windspeed

O TTg

Wird trajectovy Storm frequency
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TABLE 6-10

SALT PARAMETERS

in water Atmospheric

Salinity Saltfall
Specific gravity Particle size

e mmmamwsamiﬁamrsmmlm*%

Electrizal conductivity Particle weight

o A N b

Chemical composition Distribution

SIS £

Freezing temperature Transport
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tively, ozone may be measured as concentra-
tion per unit volume, which is the absolute
quantity of ozone in a given spatial velume;
e.g., 108 moles of ozone per liter or 107 g of
ozone per cubic meter.

6-2.12 MACROBIOLOGICAL ORGAN!ISMS

Quantitative descriptors of macrobiolegical
species are difficult to define and data are
difficult to obtain. Since vegetation as well as
all forms of animal life is included, the most
obvious p: . ameters are population density in
a given area of a given species. Additiona!
capabilities and other parameters arz required
only in special circumstances and then only
for one or several species.,

6-2.13 MICROBIOLOGICAL ORGANISMS

The population of microbiological organ-
isms (microbes) is not important. The spores
which lead to rapid growth under favorable
ronditions are always available. Although few
data are available, those of potential value to
design engineers concerned with microbes are
the temperature, humidity, and chemical con-
ditions favo.ing rapid growth.

6-2.14 ATMOSPHERIC POLLUTANTS

Atmospheric poliutants are manmade solid,
gas. or liquid contaminants of the atmos
phere. Pollutants usually are confined to
deleterious contaminants and may include
nitrates, nitrites, oxides, sulfates, and other
meta] salts, oils and tars; sulfur dioxide and
trioxide; hydrogen sulfide; oxides of nitrogen;
hydrocarbons; and fly ash (Refs, 11, 12).

FFor the most part, pollutants exist at
relatively low concentrations. Gases may be
reported in parts per million, parts per hun-
dred million, or parts per billion. Particulate
mafter may be reported in milligrams per
cubic foot (mg ff3), micrograms per cubic
meter (ug m'3), -or grams per cubic foot (g
fr'*) (Ref. 13). Fallout may on occasion be
reported in such cases >3 micrograms per
square meter per unit of time. Opacity effects

6-18

usually are reported in terms of some visual
measurement. The Ringelmann numbering
system is used but is subjective and yields
inconsistent results, Various light-chscunng
smokemeters are more precise measuring :*:-
vices bu:, nevertheless, yield an arbitre:y
number that must be converted to qualitative
units to be usable in many applications.
Chemuical identification of poilutants is essen-
tial, and other climatic data often are report-
ed with concentration when found to be
determining faciors in their presence or trans-
port. Frequency of occurrerce and duration
are of major interest.

6-2.15 SAND AND DUST

Although the definition of sand and dust is
highly arbitrary, some authorities define dust
as particles emanating from the surface of the
earth and having diameters between 1 pm and
150 um (Ref. 14). The coarser sand particles

range from 150 um up to 5,000 um (06.0906
to 0.2 in.).

As with other atmospheric particulates,
identification of the particles is mandatory.
Concentration in terms of weight per urnit
velume of air, wind velocity, and particle
shape are important characteristics of air-
borne sand and dust. Concentration is normal-
ly reported in grams per cubic foot (g f£3),
although some refe.ences can be found to the
number of particles per cubic foot; particle
shape is reported in qualitative terms such as
round, subround, and angular; velocity is
most often in feet per second or miles per
hour. Blowing sand and dust may be reported
in terms cf weight passing a unit area, such as
grams per square centimeter per minute (g
cm? min™!). Further definitions of the parti-
cles may include hardness based on Mohs’
scale. Size of the particle is commonly a
measure of diameter in micrometers where
the diameter is Stckes’ equivalent diameter;
i.e., diameter of sphere that would settle at

the same rate as the particle. The parameters
are listed in Table 6-11.
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TABLE 6-11

SAND AND DUST PARAMETERS

Particle size Concentration

Size distribution Vertical distribution
Particle shape Pickup speed
Composition Settling velocity

Hardness Frequency
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£-2.16 VIBRATION, SHOCK, AND AC-
CELERATIGN

These environmental factors are discusse’
together since their narametric descriptions
are very similar. Parameters for vibration are
given in Table 6-12. The time-dependence of
the phenomena associated with cach factor is
the most im; ortant basis for their differentia-
tion

The characteristics describing mechanical
factors may be presented in any of several
different ways. Basically_ vibration is defined
in terms of repeate.i displacement versus time;
shock is defined in the same units but is not
repetitive; and acceleration is presented in
pravitational units.

There are many characteristics of con-
dition:s producing shock and vibraticn that are
difficult, if not impossible, to list ir. a simple
comprehensive form. They are concerned
largely with the form of the wave versus a
time function and conditions under which
measurement is made or data gathered. Much
time and effort have been devoted to deter-
mine characteristics such as the shock and
vibration associated with tiansportation. Ee-
cause of the many factors involved, however,
there is often much disagreement between
investigators regarding applicatior. and relia-
bility of the data. Further, limmitations of
instrumentation cnd data analys®. *echniqucs
tend to introduce new factors into the data
that are subject to question.

6-2.17 RADIAT!ION: ACOUSTICES, ELEO.
TROMAGNETIC, AND NUCLEAR

These three environmenial faciors comprise
various forms of encigy flow through the
atmosphere that are induced primarily by the
activitics ot people. Acoustical radiation con-
sisis of movement of <r ~-ecules and is
deszibed by the parameters given in Table
€-13. One parameier, hew .ag threshold shift,
is an e=amp'le of a measurement based on an
effect; ie it is the integrated acoutticaa
powsr require. to shift the hearing threshold
b/ the amount giver,

6.
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Erectromagnetic radiation normally is re-
ported in units of wavelength (um) or of
frequency (Hz). The energy of radiation is
indicated by the amplitude of the wave, and
may be measured in W cm'?, ergs™! cm2, or
cal min?' cmi?. One important aspect of
electromagnetic mdiation is attenuation of
the signal (or radiation) by atsorption and
scattering in the propagation medium. Quanti-
fiable electromagnetic radistion parameters
are given in Table 6-14.

Nuclear radiation is either pure energy siich
as X rays or gamme @ 1ys, or particulate energy
such as alpha or beta particles, or neutrons.
MNuclear radiation intensity is expressed as
unit energy per unit time. such as erg s’ or
eV s!. Radiatic n received usually is "neasured
in rads where o rad is a unit of absorbad dose
equal to 100 erss g of absorbing material
(Ref. i4). lonization cnd electromagnetic
wive interference are mezsured in terms of
electron density; i.e., electrons per cm3.
Neutrons are measured in number of neuirons
per cm? (flux) or nev “~ns per cm? per unit
of time (tfuence). There are many other units
of measuremernt essential to this very broad
subject. Identification of the typc of radia-
tion, intensity, duration (half-life), and dose
rate are all of primary importance.

6-3 DATA QUALITY

There is a tendency to ascribe the ultimeate
in precizton to printed data. The tess that is
kncwn about the data source, the more
«onfidence is given to it This tendency is not
supported by c. perience. An example is given
wheremn the Eckman Spiral thecry was ex-
amined (Ref. 1). This theory postulates that
the horizontal wind vector turns with increas-
ing height due to a decreace in the effect of
surface frictiou. Since the effects a.e studied
best ov r oceans to avoid terrain offects, data
frons ocean station vess:ls were employed to
tost the theory and it was found to be valid.
The data, hewever. had been collected using
measurement techniques incapable of suffi-
cient resolution =t the lower wind levels.
Observers had compensated for this lack of
resclution by using the Eckman Spiral theoty
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TABLE 612

VIBRATION PATIAMETERS

Spectra kcceleration
Uisplacement Naturel freauencies

Velocity Duration
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TABLE &-13

ACOUSTICAL PARAMETERS

Sound-pressure level Peak pressure leve}
Duration Attenuation
Frequency spectra Hearing threshold shifts
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TASLE 614

ELECTROMAGNETIC " ADI” TION PARAMETERS

Spectrum

Intei:sity

Duratfon

Energy

Radfation

Patterns

Lightning frequency
Pulse shape

Power
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to correct low level data, unbeknown te the
theoretician. It is not surprising that thy
theory was validated; such a resuit could not
be avoided.

For quantitative manipulations, it is neces-
4 sary to know something about the instrumen-
3 tation and measuring piocess. The resolution
(the smallest chinge in the quantity being
measured that will produce a detectable
change in the indication of the instrument) of
a resistance thermometer, for exampie,
readily degraded by that of the recorder with
which it is used. For examnle, if the resistence
thermometer has a span of 100 X and the
recorder potentiometer has 1,000 tumns, the
esolution of the two is + 0.1 K corresponding
t. one tumn of the potentiometer. However,
when the sliding contact of the potentiometes
: beco.nes wom, the resolution might decrease
3 tc £ i K (Ref. 15). Other attributes of the
- instrumentation are equally important—ac-
curacy, sensitivity, speed of response,
linearity, rvporting increment, repeatability,
and reliabjlitv are among these. The sensor
itself may be subject to hysteresis effects, a
dead band, « time constant, a delay distanze,
or other factor that will affect the nature of
the data. Modemn iustrumentation stcrage
me.. .. can introduce biases of various ¢types in
data which must bs guarded against. When
prepetly employed, complex data acquisition
systemiz provide much higher quality data
than is :-ossible with manual collection.

P AR L N
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It is seldom difficult to obdtain accuracy in
laboratory measurements of meteorological
parametets or to obtain accuracy in the open
air with new instruments, The probiem is it
ma'ntaining that accuracy over long periods
of timne.

PECET ¥ e 1)

It was pointed osut in par. 6-2.2 that
accuracy of atmospheric temperature data in
excess of 1 deg F is of little use in «alysis. In
similar fashion, there are limits on the useful
accuracy of measurements for each of the
environmenta! factors. These limits are ¢ ter-
mined by ihe snvironment and the use to be
made of the data.
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64 DATA SLURCES

Q. ..iauve srvironn:ental data are avail-
able in 2 variety of forms and from a variety
of wources. Specific scurces are identified in
the discussions of individual factors in Parts
Two and Three of the Environmeatal Series
(Refs, 7.8). Some of th> more imrortant
sources of data are listed:

(1) U.S. Army.environmental data sources:

(a) U.S. Army Engineer Topographic
Laboratories, Fort Belvoir, Va. 22060

(b) Atmospheric Sciences Laboratory,
U.S. Ammy Electronics Command, White
Sands Missile P.ange, N. Mex. 28002

(c) US. Army Waterways Experiment
Station, Vickshurg, Miss. 39180

(d) US. Army Cold Regions Research
and Engineesring Laboratory, Hanover, N. H.
03755

(e) Frankford Arsenal, Philadelphia. Pa.
19137

() US. Army Natick Laboratories,
Natick, Mass. 01760

(g) Land Locomotion Research Labora-
tories, U.S. Army Tank-Automntive Com-
mand, Warren, Mich. 48090

(, Army Materiale and Mechanics Re-
seaich Center, Watertown, Mass. 02172

(i) US. Army Human Engineer,
Laboratorics, Aberdeen Proving Ground,
Aberdeen, Md. 21005

(§) U.S. Armmy Transportation Engineer-
ing Agency, Newport News, Va. 23606

(2) QOther organizations

(a) Air Force Cambridge Research
Laboratories, Bedfnrd. Mass.
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(b) Naval Ship Research and Develop-
ments Center, Carderock, Md.

(c) U.S. Naval Qceanographic Office,
Suitland, Md.

(d) Smithsonian Institution, Washing-
ton, D.C.

(¢) Environmental Data Service, Ashe-
ville, N.C.

(f) Environmental Protection Agency,
Washington, D.C.

(g) Davidson 1} aboratory, Stevers In-

stitute of Technology, Castle Point Station,
NJ.

(h) National Research Council of
Canada, Cttawa, Ontario, Canada

(i) Highway R:search Board, National
Academy of Sciences, Washington, D.C,

(3) Muskeg Research Institute, Univer-
sity of New Brunswick, Fredericton, New
Brunswick, Canada

(k) Arctic Meteorology Research Group,
McGill University, Montreal, Quebec, Canada.
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CHAPTER 7

TESTING AND SIMULATION

Thus chapter is concerned with environ-
mental tests and the simalation of the en-
vironment required to carry cut such tests.*
To some extent. any test is an environmental
test si.ce some type of environment is always
present  As discussed herein, however, en-
vironmental testing pertains to selecting and
simulating the various environmental condi-
ticns of temperature, vibration, radiation,
hurmidity, etc.. for the express purpose of
determining or verifying the capability of an
item to operate satisfactorily when subjected
to them. As such, it is not a basic test method
itself but it is 2 way of implementing basic
testing approaches. Strength, life. and perfor-
mance test: as well as other basic test types
may all involve environmental testing. Son.e
hardware development programs desi  ite a
particular phuase of their testing program
foriqally as environmental testing. In this
chapter the basic probleins and considerations
for testing and simulating environmental test
conditions aiv considered

The effect of envirenmental conditions.
e:cher natural or induced. on equipment is an
smportant asgect of reliability. Environmental
testing provides a method of investigating
thesz cifects. It is emplasized that environ-
mental testing is done not becatse of the
unceriataty of the environment but because
of the un.ertainty in the cffects of the
environment. The uncertainty of the environ-
ment can only be accounted for by conserva-
tive design practices to render it unimportant,
by field testing to verify the success of the
conservative design. o1 by increasing knowl
edge of the environment.

*This discussion employs as a ceneral -—eference Prectice!
Relisddity, VoL 1ll, Testing (Ref. 1) and Phiosophy _f
Emvionmental Testing (Reé 21,

In cnvironmental testing, conditions such
as amtient temperature, vibration, and elec-
tromagnetic radiation are generated and con-
trolled. In some cases there is a deliberate
attempt to simulste as closely as possible the
environmental profile during intended equip-
ment operation. This occasionally is done, for
example, in reliability demonstration with
samples of prototype hardware. More fre-
quently the emphasis is cn simulating certain
critical features of the total operational en-
vironment at specific severity leveis. This is
typically the approach in desiga qualification
and acceptance testing of compomnents and
systems. and serves the useful purpose of
uncovering design and material weaknesses
and workmanship errors. In still other cases
{such as development tests), the operational
environment may not be known ana test
conditions consequently cover a wide range to
explore the capabilities of an item.

All uses of environmental testing have as
common objectives either determining the
effect of the environmental conditicas on an
item or verifying that the item is capable of
wi hstanding environmental stresses. It :s em-
i /ed in all phases of hardware programs
from the parts and materials level of item
comnplexity to fairly large sys‘ems. In pro-
gprams that rely primariiy; on a “build and
test” approach, it provides the major source
of confidence in operational hardware, It also
remains a necessity in a complementary role
in programs where greater emphasis is placed
on analvtical design procediires.

A logical alternative to environmental test-
ing is testing under field conditions. This
alternative can provide the dssied confidence
but usually costs more (especially in the cas
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of complex expensive items) and often delays
the desired information. In field or flight
testing, test conditions generally are not
controlled as well as environmental testing
permits; hence, cause and effect relationships
may be more obscure.

Environmental testing ranges in sophistica-
tion from very crude methods such as using
an improvised temperaiure chamber to testing
in very eiatorate facilities that enable switch-
ing between many combinations of condi-
tions. Tests may be purposely destructive (as
in strength and life testing), or nondestructive
{such as proof tests and bum-in).

Selection of the appropriate test conditions
is the major problem associated with environ-
mental testing. Basic factors that affect this
selection are:

(1) The possibie environmental conditions
during intended use of the equipment,

(1) The subscts of these that need to be
treated by a testing approach,

(3) The capability for generating and con-
trolling them.

The crux of the problem lics in determining
which environmenta! features can affect the
behavior of the item during mtended use and
in emploving cnvironmental siinulation to
investipate these features to the exteni feasi-
ins within the consiraints of cost, sche-tule,
and testing capability. Not all environmental
conditions that aifect behavior can be simu-
jated readily, and very rarely can all be
generated simnultancously to account for inter-
action effects. Trade-offs are thus necessary in
selecting the test conditions to make the best
us. of avaiable capability in obtaining envi-
reamental performance information.

7-1 ENVIRONMENTAL FACTORS AND
THEIR EFFELCTS

Envirunmental conditions may be natural,

O
N

induced. or combinations of these. Natural
environments are those that exist in nature
such as the weather, solar radiation, and low
pressare in deep space. Induced environments
are manmade and include such things as
mechanical sl.ock during transportation and
handling, air conditioned rocoms for com-
puters, and electromagnetic radiatior. An
example of a combined natural ai.d induced
environment is the set of conditions sur
rounding a tracked vehicle operuting under
two sources of vibration—that induced by the
venicle and that resuiting from the terrain,

The set of environmental conditions in
proper sequence and combination that an
jtem encounters during its lifetime is its
environmental profile. The total prefile Legins
during item fabrication and continues
throughout ics life. Therefore, er.vironmental
testing must consider the environments en-
countered in manufacturing, storage, trans-
poriation, and bandiing. as well as those
experienced during operational use,

Descriptions of the environmental condi-
tions arc not always available in explicit form.
N¢ one knows preciscly. for example, the
environmental profile that a helicopter will
cxperience throughout its life including all
types of environmental factors and their
severity levels. Through various sources of
data on environments,* it is often possiblz to
selcct representative characteristics, such as
averz.es or maximum leva!s of major factors,
for adequately describiag conditions for a
test.

Environmental conditions of greatest inter-
est fron. the reliability viewpoint are those
that have detrimental effects (i.e., those that
cause drift, degradation, failure, wear, etc.) on
cquipment operation. Some conditions have
no significant effect; scme even may be
beneficial.

*"AR 70-38 defines ctimatic critesia for Acmy materie! (Ref.
3), and MIL-STD-8L0 describes standard environmental test
methods (Ref. 4).
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Table 7-1 lists detsimental effects of several
environmental factors. In many cases, effects
a0t detectable when the factors are en-
countered singly show up when two or more
are present simultaneously. For example,
some electronic components function prop-
erly in either 2 low temperature or a vibra-
tional environment, but when the environ-
ments arc combined, component leads may
break.

Some conditions cause cumulative nonre-
versible changes in  equipment; therefore,
when considering equipment bzhavior at any
point during its useful life, the history of
environmertal exposures should not be ig-
nored. For example. heating from welding
and soldering can cause permanent shifts in
device characteristics; mechanical shock can
rezul’ in permanent dislocation of a lead or a
part: and nuclear radiation can cause perma-
nent defects in semiconducior devices. The
possible need {or conditioning items prior to
enviroumental testing to simulate the histor-
ical effects should not he ignored. This
conditioning is scmetimes necessary to assure
that the response during the test is representa-
tive of that in operational use. Knowing the
environmenta! history iz not important when
the effects were reversible, but knowing
whether all pertinent responses are reversible
can be determined only through careful con-
sideration. Ignoring the nonreversible effects
that have occurred in previous testing and
operations can lead to very misleading envi-
ronmentiai test results. Admittedly, they are
not always easy to assess or to simulate. but
just knowing of their possidility often can be
informative in testirg.

In selecting the environmental factors, the
severity levels, and combinations of them to
he treated. experience is usually the most
rchable guide. For instance, a designer of a
vehicle component may know that the com-
bination of vibration and high temperature is
far more likely to harm his component than
low pressure and high ozone content. He may
also know that the most severe conditions to
consider for testing are determined by the
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operation epvironment rather than by the
transportation and handling envirorment.
Such prior knowledge and experience can
help reduce the number of ervironmental
tests needed to insute the succe-sful operation
of the item.

The problems associated with common
environmental factors such us temperature,
vibration, and thermal shock nearly always
receive attention. Less familiar factors some-
times can be equally or even more important.
Effects of ice fog, for example, are mcre
likely to be strange to most engineers than the
effects of high temperatuse. For arctic opera-
tions, the employment of artillery may be
conside;ably influc.i:ed by creation of ice fog
during firing. The churacteristics of ice fog for
environmentai testing purposes, however. ars
the same as for other atinospheric obscurants.
Factors for which tests are less common, such
as hail or insects, if they are to receive
attention in testing, require the determination
of test characteristics and intensity levels that
are representative of the test objectives. With
hail, for exa:apie, if mechanical impac\
damage is the major effect of interest, then
the size, shape, velocity, and number per unit
area of the simulated hailstones are the
characteristics of concern. On the other hand,
the vibration induced by the incident hail
may be the most significant factoi. Insects
can caus¢ both mechanical and chemical
damage, and both charactenistics demand con-
sideration when insects reasonably can be
expected in large numbers.

When there is little availablz knowledge
about the operational environment or its
effect on an item, it is often simpler and more
economical to test and sec what happens
instead of spending a great deal of time and
money on an independent study. This is
essentially the “build-and-test™ approach but
it has its limitations for large and expensive
items. Wher: used with Jdiscretion, it can be
applicable especially to certain new designs or
new applications of old desigas.
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TABLE 711

RELATICNSHIPS SUBJECT TO TESTING (R<f. 1)

Enviromment

Effects

Winds: gust and
turbulence

poucipitation: sleet,
moW, rain, hail, dew,
fiust

Sand and dust

Salt atmosphere and
SOy

Humidity

Sunshine

. v, N PR 2207 o ol 5,

Applies overloads to structures causing
weakening or ccllapse; interferes with
function such as aircraf-. control;
convectively cools surfaces and compon-
ents at ‘ow velocities and generates
heat through frictinou at high veloci-
ties; delivers and deposits foreign
mﬁterials which interfere with func-
tions

Applies overloads to structures caus-
ing weakening or collapse; removes
heat from structures and items; aids
corrosion; causes electrical failures;
causes surface deterioration;
damages protective coating

Finely finished surfaces are scratched
and abraded; friction between surfaces
may be increased: lubricants can be
contaminated; clogging of crifices,
etc.; materials may be worn, cracked,
or chippad

S&1t combined with water is a good con-
ductor which ¢an lower insulation re-
sistance; causes galvanic corrosion
of metals; chemical corrosion of metals
is accalerated.

Penetrates porous substances and causes
leakage paths between electrical con-
ductors; causss oxidation which leads
to corrosion; moisture causes swelling
in materials such as gaskets; excessive
loss of humidity causes embrittlement
and granulation

Causes colors to fade; affects elastici-
ty of certain rubber compounds and
plastics; increases temperatures with-
in enc® “sures; can cause thermai aging:
car: cause ozone formation
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TABLE 7-1 (continued). ‘%

RELATIONSHIPS SUBJECT TO YESTING {Ref. 1) ‘3

Environment Effects 3
High temperature Parameters of resistance, inductance, é
capacitance, power factor, dielectric E

constant, etc., will vary; insulation 7

may soften; moving parts may jam due i

to expansion; finishes may blister; i

devices suffer thermal aging; oxida- H

tion and other chemical r actions are 'y

enhanced; viscosity reduction and i3

§
evaporation of lubricants ars problems;

structural overloads may occur due to
physical expansions.

St B

Low temperature Plastics and rubber lose flexibility and
become brittle; electrical constants
vary; ice formation occurs when mois-
ture is present; lubricants gel and
increase viscosity; high heat losses;
finishes may crack; stru:tures may be
overloaded due to physical contraction.

e Ao AT ITIR AT IRy Wb RO T W

Thermal shock Materials may be instantaneously over-
stressed causing cracks and mechanical

failure; electrical properties may be
permanently altered.

T Y

High or Tow pressure Structures such as containers, storage tanks,
and buildings may collapse, explode, or
rupture; seals may leak, air bubbles may
form in materials causing damage; the
fl1ight characteristics of shells, aircraft,
or missles may be altered; some instruments
such as altimeters may give erruneous data;
elect:ical characteristics may change.
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Gases Corrosion of metals may be enhanced; di- 1
electric strengith may be reduced; an %

explosive environment can be created; 3

hezt transfer properties may be altered; 2

oxidaticn may be accelerated. g

Acceleration g

Mechanical overloading of structures; items

may be derormed or displaced; mechanical
functions may be impaired.
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TABLE 7-1 {continuved).

RELATIONSHIPS SUBSECT TO TESTING (Raf. 1)

Environment Effects

Vibration Mechanical strength may deteriorate due to
fatigue or overstress; electrical signals
may be mechanically and 2rroneously mod-
ulated; materials and structures may be
cracked, displaced, or shaken locse from
mounts; mechanical functions may be im-
paired; finishes may be scourad by other
surfaces; wear may be increased.

Shock Mechanical structures may be overloaded
causing weakening or collapse; items may
be ripped from their mounts; mechanical
functions may be impaired.

Nuclear/cosmic radiation Causes heating and thermal aying; can alter
chemical, physical, and electrical proper-
ties ot materials; can produce gases and
secondary radiation: can cause oxidation
and discoloration of surfaces, damages
electrica’ and electronic compenents,
especially semiconductors

Yharmal radiation Causes heating and possible thermal aging.
surface deterioration, structural weak-
ening, oxidation, acceleration of chemi-
cal reactions, and alteration of physical
and electrical properties.

RFT Causes spur-ous and erroneous signals from
rlectrical and electronic equipment and
components; may cause complete disrup-
tion of normal elcctrical and electronic
equipment such as communication and mea-
suring systems.

Sotar radiation Effeccs similar to those for sunshine, ni-
clear/cosmic radiation, and thermal ra-
diation

Albedo radiation Albedo radiatior is reflected electromag-
retic (EM) radiation; amount depends on
the reflective capabiiities of iliumi-
nated object such as a2 planet or the
woon; effects are the same as for otner
EM radiation.

7-6
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TABLE 7-1 (continued)

RELATIONSHIPS SUSJECT TO TESTING (Ref. 1)

23R AN T SR

-

Environment E¥fects

Zero gravity Disrupts gravity-dependent functions; aggra-

vates high-temperature effects

Magnetic fields False signais are induced in electrical and
electronic equipment; interferes with
certain functions; can induce heating;
can alter electiical properties

A e WA AR R A SRRSO

Insects Can zause surface damage and chemical reac-

tions; camn cause clogging and interferernc?
with function; can cause contamination of 4
lubricants and other substances

A ws i

* +auds, fog, smog, smoke,

Can interfere with optical and visual mea- :
haze, etc.

surements; deposition of moisture, pre- 3
cipitation, etc.; enhances contamination;

can act as an insulator cr attenuator of
radiated energy

Acoustic noisc Vibration appiied with sound waves rather

than with a mechanical couple; can cause
the same damage and results as vibrational
eavironment, i.e., the sound energy ex-
cites structures to vibrate.
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7-2 SIMULATING THE CONDITIONS

The emphasis on environmental testing nas
led to the development of elaborate facilities;
e.g., tie huge NASA dynami *cst facility
which can accommodate a é-midion pound
replica of the complete Apcllo-Satum V
vohicle in tests involving six degrees of motion
(Ref. 5). Other facilities have even mcre
versatility in terms of the numtzr of difterent
conditiops that can be generated simulta-
neously. Detailed descriptions of methods for
simulating various environmental conditions
are given by Peeler (Ref. 6). The most
frequently cited siandard for methods in
military procurement is MIL-STD-810 (Ref.
4). A tabulation of Government-operated

environmental testing facilities is available
(Ref. 7).

Given that certain environmenta! condi-
tions need to be treated by a tusting -
proach, it is not always possible to gencrate
similar conditions even with the most elabo-
rate facilities. No single facility. for example,
can generate at once all of the types, energics,
and intensities of Van Allen radiatior for the
space environment. Air turbulence, gases, and
insects typically can prcsent similar problems
for environmental conditions .ot related to
space. Many facilities are limited even in their

capability to generate complex temperature
profiies.

The realization of such problems has been
the motivation for crcating more sophisti-
cated simulation capability. But there are
often other ways of resolving the question at
hand. It is the effect of the envircnmental
conditions that is of interest, not just the
conditioas themselves. Thus, is there a suit-
able substitute? For example, pebbles might
substitute for hailstones if mechanical damage
from impact is the effect of interest. Or if
vibration induced by hailstones is of interest,

then a vibration test already scheduled may
be adequate.

Sorme effects often are investigated more
easily from a :nore fundamental level. The

7-8

effect of ionizing radiaticn is stuidied most
often at a materials ov parts level than 2t the
ievel of assembled equpment. Also, the envi-
roamente: conditions themselves sometimes
may be sepurated irio more fundamental
components. Typicily, a temperature prcfile
is simulated by high and low levels and
thermal shock; cosrus radiation may be sepa-
rated inty components composed separately
of protons and beta particles. In such cases,
one musi be alert that there is proper ac-
couniting for nonreversibility, interactions,
anc aging.

Elaborate environmental tes: facilities not
always are needed to resolve certzin problems.
Simply heating individual electronic circuit
components with a soldering iron may in
some cases be more informative than testing
the antire circuit or assembly in an oven. In
the absence of certain capabilities, an answer
from an improvised test may be better than
no answer at all; e.g., when concerned about
mechanical shock testing, simply dropping
from a prescribed height is better than ig-
noring the effects of shock altogether.

With the increased emphasis on generating
conditions for different factors simuita-
neously, a very important question concerns
witether to use single or combined environ-
ments. When facilities do not exist for gener-
ating combined environments, there is, of
course, no choice but to generate single
environments. Multiple environmental factors
must then be treate<: as single environments in
sequence. If the severity levels of the environ-
ments are not purposely damaging, as in a
sequence of screening tests, the order of
application is determined by whatever is most
convenient. Tests that are purposely dam-
aging, as in certain qualification tests and

acceptance sampling, demand careful con-
sideration of order of environments, especial-
ly where only one or just a few test specimens
are available. The basic criterion to employ in
this case is to apply first the conditions that
are least likely to damage the specimen. Thes
for a mechanical par:, humidity and salt-spray
tests logically would be applied before vibra-
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tion or a mechanical load test. An electronic
part more likely would be tested by applying
vibration before high temperature. Such test
sequencing allows the maximum amount of

informau~n to be obtained before damage
occurs.

Ordering of ervironments for items com-
posed of both mechanical and electrical parts
is not as clear cut. Althousgh the same basic
critenis still apply, ability to repair the item
can greatly influence ti*2 ordering.

When capability exisis for generating both
single and combined environmental condi-
tions, it does not follow necessarily that
combined environmental testing is preferable.
The decision depends main'y on what is to be
accomplished with the test and is influenced

strongly by factors such as tinie, cost, skills,
and instrumentation.

Combined environmental testing has two
significant advantages over single environ-
mental testing. First and most significant is
the ability to investigate the synergistic ef-
fects of multiple conditions; i.e., combined
testing in most instances more closely ap-
proximates the real environment. Second,
several conditions usually can be applied
simultaneously in a shorter time than in
sequence due to savings in sel-up time. There-
fore, combined testing often saves money.
The major disadvantage 1s that the initial cost

of the equipment for combined testing is
higher.

In qualification and acceptance tests, com-
bincd environmental testing is preferable to
testing with cdngle environments. The in-
creased confidence detived from the knowl-
edge that synergistic effects arc accounted for

usually allows use of smaller safety factorsin
application.

In testing to relate cause and cffect, the
combined environmental test is used as an
extension of single environment testing (Ref.
8). Testing during development usuvally em-
phasizes fearning the effects of single environ-
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ments. Combined environments are emplovad
after single environment effects have been
determined and synergistic effccts becoine of
interest. Employing combined environments
first can be impractical. Single environment
testing also can be preferable in long duration
tests due to the impracticality of committing
combined environmental test facilities for
long periods of time.

7-3 ACCELERATED TESTING

In accelerated testing, items are subjected
to conditions more severe than taose en-
countered in normal use in zn attempt lo
speed up aging and herce obtain degradation
and failures in less time. It is thus a technique
to sherten test time but applicable only to
those tests in which aging is important. It isa
very loosely defined concept; attempts to
make it rigorous generally run into problems.

Accelerated testing means roughly, “Let’s
treat it worse than we expect it to be treated
in ordinary practice and then see what hap-
pens”. One difficulty is that “treating it
worse” is not always clearly defined. For
example, electrical contacts behave better as
voltage and cumrent are increased (up to a
puint) and some heating may improve the
perfcrmance of electronic eanipmicnt by driv-
ing off moistwa.

Because therz is a reasonably firm qualita-
tive foundation for much of accelerated test-
ing, accelerated testing often is used benefi
cially and without too much difficulty in
qualitative roles such as failure mode investi-
gation. It is in the quantitative interpretation
and application such as predictin,; perfor-
:nance and life of items under normal oper-

ating conditions that it begins to run into the
greatest difficulty.

The most familiar ways of programming
the conditions for accelerated testing are
constant-stress and  step-stress. Another ap-
proach frequently recognized is the progies-
sive-stress miethod; however, this is no dif
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ferent from the step-<‘ress approach when the
steps are small.

Temperature is the most popular and prob-
ably the most important envircnmental factor
for accelerated testing. The equations used in
the literature to describe the accelerated
behavior are a matter of some controversy.
There are many experimental situations
wherein temperature is changed, the resuits
are recorded at each fevel, then the logarithms
of the results are plotted versus 1/(KT) (or
against 1/7). This is often done because the
conceptual model being used to describe the
process suggests that the resulting line will be
nearly straight (neglecting random variations).
Many of these situations have nothing to do
with the Airhenius or Eyring equations. For
example, the product of the electron and hole
concentrations (n aad p, respectively) in a
semiconductor is given by:

np =P T) X exp FEg (kD) (7-1)

where

AT} = a polynomia! in T (or similar
expression contzining fractional exponents)

Eg = the bandgap cnergy
k = Boltzmann’s constant
T = temperature.

The form of this equation kas its routs in the
Maxwell-Boltzmann distribution. Therc are

thermodynamic equations whick have been
put i the form

y=exp F E/(kT)] (7-2)
where £ is some thermodynamic energy. One
of the reasor.s this form is preferred is that it

tumns up in the -ather tractable analysis for
perfect gases.

The Arrhenius equaticn often is cited as
the classic example for temperature depen-
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dence of reacticn rates and can be written*

rr:z A exp [~ B(KT)) (7-3)
While we do not have access to the personal
thoughts of Arrhenius, undoubtedly he was
influenced for the form of the equation by
the thermedynzmic forms mentioned pre-
vicusly. The Arrhenius equaticn has enjoyed
an appreciable amount ct success for both
interpolation and extrapoiation.

The Eyring equation or, as it is more often
known in physical chemistry, the equation for
absolute recaction rates, seems to have is-
sumed a strong image in some of the reli-
ability-physics/accelerated-testing literawure.
The specific reaction rate may be written as

T -AG'{")
n OP\TET

where

AGt= the Gibbs free energy of the acti-
vated compiex

¥ = a transmission coefficient (usually
virtually unisy)

Planck's ccnstant.

This equation has been developed for an
elementary reactior. and should be applied
only to such a reaction. It is equally useful in
considering the rates of the very rapid reac-
tions that occur in a flame as wel as the rates
of reactions that under ordinary conditions
ieyuire geologic ages.

*Sometimes an R is used in place of the k. R is the universa!
@S cunsant; & is Boltzmann®s constant. Chemists tend to vse
the former and physicists the latter, the difference bheing per
mole or per moiecule, respectively. When R is uned, £ is
usually given in kloclories per mole, wheress when £ is
used, £ is utually given in electron “olts per molecule, Very
often the per molecule of per mole 15 dropped. A4 is often
called the frequency factor because the earliest reactions
considered were of the first order. This name does not apply
to zeactions of other orders. The specific reaction mte isalso
called the reaction rate constans,
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Electronic comncnents are complex engi-
neering svstems from the point of view of
theoret:cal chemistry-physics and, for practi-
rii purposes, use of absolute reaction rate
theary will offer little if anything over the
Arrhenius equation. One of the biggest obsta-
cles to its use is the tremcnuous sca'ter in the
data. Another is that the specific reaction rate
is not observed, but some complicated func-
tion of it is. By the time one is discussing
fature rates, he is 2 long. long way from a
vpecific reaction rate.

7.4 TESTING IN THE OPERATIONAL
ENVIRONMENT

It often is said that the only way really to
determine whether an item will function as
intended in its operational environment is to
put it there and see. This is basically true, but
it is not always possible nor necessarily
desirable to do this prior to the real mission.
Ore significant shortcoming of this approach,
for example, is that certain cause and effect
relationships may be obscured because of lack
of knowledge about operating conditions.

Field tests, flight tests, commercial macket-
ing tests, and in-service evaluation tests are all
examples of testing in the cperational envi-

ronment. Typical reasons for wanting to fest
in this manner are.

(1) Increase confidence in the ability of

the item to perform in actual operational
environment

(2) Inability to simulate particular esviron-
mental conditions in the laboratory

(3) Obtain response data as a basis for
future laboratory tests

(4) The item is too large and complex for
environinental conditions in the iaboratory.

Sometimes, it mayv be simply less expensive
or easier than simulating conditions. However,
if the capability to simulatc conditions al-
ready exists, it is usually less expensive to usc
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environmental simulation. As illustrated by
the se.ond and fourth reasons, there is often

no choice but to resort to the operational
environment.

There are often certain shiortcomings in the
approach. A simple test of a vehicle, for
exampie, gives response to only a particular
set of conditions. and the behavior is not
known to be representative of the population
of operational items. The extenf of other
shortcomings depends considerably upon how
much control is maintained over the tests. If
the items are mereiy put in the hands of
customers to operate and are checked from
time to time, the results may only indicate
how well they survived this environment.
Items may be used for purposes other than
those intended or operated under conditions
not included in the design criteria. Unless
these are known, the results can have only
limited utility. An even vorse situation occurs
when the reporting of behavior is left to the
customer. Usually, he considers it the least
important of his jobs and it often gets done
poorly if at all.

Even when more control is maintained by
the manuacturer, there-can be disadvantages.
Some cause and effect relationships may be
obscured because of lack of detailed knowl-
edge of the conditions. Measurements are
often not as thoiough or as accurate. Typical-
ly. there-are delays in reporting resuits.

When the individual items are simple and
inexpensive. such as hand tools, turning them
over ta the customer for testing in his
environment can te a good way of evaluating
the product. When they are as expensive as
tanks, the controlled approachk is usually
better. Basic procedures for planning such
tests are no different than others. The rewards
must be evaluated with respect to ccsts in
time, money, and effort.

7-3 APPLICATIONS OF TESTING IN
HARDV/ARE PROGRAMS

As a design evolves from its initial concept
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through design and production to final opera-
tional form, numerous tests are required The
tests at a particular stage usually can be
associated with some general problem area
such as development, design qualification. and
verificution: of the final product. Whether the
piogram is concermned with developing a
piece-part, an equipment, or a large system,
the types of problem areas to be treated are
basically the same.

An illustration of how these applications
relate to product evolution is presented in
Fig. 7-1. The designations such as feasibility,
development, and qualification are common
terminology found in most programs, but
meanings used here generally are based on
concepts defined or implied by a number of
sources (Refs. 8-10).

Note that in this representation the cycle
of evolution ends following production: the
testing and operation following production
are associated with either the evolution cycie
of a higher level of assembly or the opera-
tional use of the end item. For example,
installation and checkout are simply in-pro-
cess aclivities during fabrication of higher
levels of assembly. Even though the wmanu-
facturer’s muijor attention to a product may
terminate with customer acceptance, the
post-production test: and operations often
san provide good feedback information for
improving other items in production or in
aiding new or modified designs. Some pro-

grams even provide for field personnel in
support of this.

7-6 TEST CLASSIFICATIONS AND
PLANNING

A significant barrier to the understanding

712
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of testing is the plethora of test names in
common use. A given test name often means
different things to different people, and two

tests with the same objectives sometimes have
different names.

Any form »f classification is simply a wa
of viewing testing, and a variety of classifica-
tions are shown in Table 7-2.

Scund planning is critical to efficient test-
ing. Facilities, perscnnel skills, instrumenta-
tion, and methods of reducing and analyzing
data are typical of things considersd, but has
anvone considered, for cxampie, what hup
pens if the power fails during the test?

Test planning involves the prior considera-
tion of as many of the practical test factors as
possible. There are many of these an¢ Table

7-3 illustrates the magnitude and complexity
of cthem.

A basic question concerns the proportion
of total test effort to devote to planning. The
answer depends on schedules, experience,
cost, and complexity of test specimens. It
often is stated in testing literature that more
test planning is needed, but clear justification
for such statements usually is missing. Never-
theless, situations have atisen when it became
Sbvious that more thought to test pianning
could have provided significant benefits.

A satellite once toppled several feet from
its mount onto a concrete floor during a high
temperature test of a flight acceptance test
series because someone had failed to consider
the effect of high temperature on the mount.
This illusirates just cne of many praciical
aspects of proper design for a test.
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CHAPTER 8
MATERIEL CATEGORIZATION

Effects of the environment on materiel and
materiel requirements are the bpasis of the
Environmental Series o/ Engineering Design
Handbooks. Previous chepters in this hand-
bock introduce the importance of the en-
vironment; e.g., its effects, the factors of ithe
enviiuriment, the complex combinations of
environmental fictors that cooccur, quantita-
tive environmental concepts, and the testing
of materiel and simulation of the environ-
ment. In this chapter, materiel is discussed.
Emphasis is on the categorization of materiel
as it cxists and relates to environmental
effects.

A variety of materiel categorization sys-
tems are employed, eack: tailored to a particu-
lar purpose. In discussions of the effects of
environmental factors, material type is a
commoniy used basis for categorization. In
other cases, the level of complexity of the
item is used as a categorization basis. How-
ever. the most coramon materiel categoriza-
tion is that used by the supply system. This
will be examined in order to discem the
information available i it taat relates to
environmental effects.

8-1 SUPPLY SYSTEM CATEGORIZATION

The purpose of materie]l categorization
based on the ways in which items are handled
in the logistic system is to aid in the procure-
ment and supply cycle. The existence of a
uniform item classification system that is
understood by both the suppliers and users of
the items allows the total logistic system to
function effectively and efficiently.

Muteriel categorization systems are usually

of little interest to the user but are necessary
for the management and operations of the

Py et Ganag®y o LafiiNs 3 re by £

logistic system. The majority of materiel
categorization systems used by the Army have
originated with procurement and supply or-
ganizations.

One way to categorize materiel is based on
the nature and impocrtance of the individual
items (Ref. 1). An examole of this is given in
Tabie 8-1. Anothet, more often used type of
materiel categorization is based on the nature
of the acquisition and distri~ution functions.
An exampie of this tyre of materiel catego-
rization 1s given in the Army Field Manual on
logistic management and is saown in Table
8-2 (Ref. 2).

The most widely useu materiel categoriza-
tion system is the Federal Supply Classifica-
tion (FSC) (Ref. 3). This system has been
adopted by the DOD for use in classifying
items of supply. The FSC is a commodicy
classification system designed to serve the
functions of supply and is sufficiently com-
prehensive to permit classification of all items
of personal property. In order to accomplish
this, groups and classes have been established
for the nwnerous commodity items with
emphasis on the items known to be in the
supply system of the Federal Government.
The Federal Supply Classification System
consists of 76 groups which are divided into
590 classes. A group is a brcad category such
as engines, turbines and components, or weap-
ons. Table 8-3 contains a list of FSC groups
arranged in alphabetical order. Each matericl
class covers a relatively himogeneous area of
commodities that are related with respect to
their physical or performance characteristics
or to otherwise related factors for supply
management purposes.

The Federal Catalog System is designed to
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TABLE 8-1

MATERIEL CATEGCRIZATION BASED ON NATURE
AND IMPORTANCE OF ITEMS (Ref. 1)

Principal {tems

Secendary {tems

(e S S R R O A L I AR M S e e PR E AR AR A L b S G e WA D LU D ER T o oS il st s i M i Ay s

Repair items

0ff-the-shelf
{tems

Bulk procurement
jtems

Table of equipment items, the supply of which is,
or is about to be, increasingly active, a high
vaiue item, or an item whose procurement will
be difficult due to long lead time, shortaje
of strategic materials, or difficulty of manu-
facturing. Principal items represent less than
one percent of the items stocked by the Armny
¥etdaccount for 60 percent of the procurement

unds.

Al7 cther supplies except repair parts, clothing,
and subsistence. They are categorized by short
lead times, low value, and ease 2f procurement.

A1l essential elements, materials, components,
assemblies or subassemblies required for the
maintenance and repair of an end jtem

Items regularly stocked by commercial organizations
to supply normal demands; either principal, sec-
ondary, or repair items

Items normally shipped in bulk form, and not sent
through depot faciiitias; usually secondary items
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TABLE 8-2

MATYERIEL CATEGORIZATION BASED ON METHOD GF
HANDLING ITEMS IN LOGISTIC SYSTEM (Ref. 2)

Class Description
I Subsistence
IT Clothing, individual equipment, tentage, organizational tool
sets and tool xits, hand tools, administrative and house-
keeping supplies and equipment
II1 PCL: petroleum fueis, lubricants, hydraulic and insulation
oils; preservatives; liquid and compresseu gasesi bulk
chemical products; coolants; deicing and antifreeze compon-
ents and additives of such preducts; and coal
v Construction; construction materials to include all installed
aguipment and ail fortification/barrier materials
v Amnunitions ammunit:on of all types including chemical,
radiological, and nuciear ordnance; bemhs; explosives;
minas; fuzes; detonatoirs; pyrotechnics; missiles; rockets;
propellants; and other associated items
VI Personal demand items (nommilitary sale items)
VII Major end items; a final combination of and products which is
ready for its intendad use; ©.9., launchers, tanks,
whole machines, and vehicles
¥ill Medical materiel; inciuding medical neculiar repair parts
IX Repair parts (less medical pzculiar repair parts); all repair
narts and components to include kits, subassemblies and assem-
blies, repairable and nonrepairable, required for maintenance
support of all equipment
X

Materiel to support nommilitary programs; agricultural and eco-
nomical aevelopment

8-3
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TASLE 83 é

FEDERAL SUPPLY L. ASSIFICATION MASOR GROUPS f

(excluding space vehicies) (Ref. 3) }j

4

FSC 3

group number Class 3

37 Agricultural machinery and equipment #

87 igricultura} supplies 5

15 Aircraft and airfirame structural components 3

16 Aircraft components and accessories g

17 Aircraft launching, landiag, and ground handling equipment 3

€3 Alam and signal systems b

13 Ammunition and explosives 3

31 Bearings 5

. 76 Bocks, maps, and other publications g
‘ 80 Brushes, paints, sealers, and adhesives 3
L 68 Chemicals and chemical products i
. 79 Cleaning equipment and supplies 3
_ 84 Clothing and individua® equipment 3
E 58 Communicatior equipment 3
38 Construction, mining, excavating, and highway maintenarnce g

: 56 Construction and kuilding materials 3
‘ 81 Containers, packaging, and packing supplies %
3 61 Electric wire and power and distr?bution equipment 3
E 59 Electric and electronic equipment components 7
4 28 Engines, turbines, and components :
E 29 Engine accessories 3
X 12 Fire control equipment 3
E 42 Firefighting, rescue, and safety equipment b
E 73 Food preparation and serving equipment 3
;. 91 Fuels, lubricants, oils, and waxes H
E 44 Furnace, steam plant, and drying equipment; and iwuclear §
E; reactors E
71 Furniture g

14 Guided missiles 3

51 Hand tools 5

53 Hardware and abra:iives 3

72 Household and comiercial furnishings and appiiances 3

66 Instruments and Jaboratory equipment Z

62 Lignting fixtures and lamps g

88 Live animals g

55 Lumber, millwerk, plywood, and veneer i

40 Maintenance and repair shop equipment %

39 Materials handiing equipment §

52 Measuring tools 3

39 Mechanical power transmission equipmert 3

65 Medical, dental, and veterinary supplies and equipment 3

g

B
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TABLE 8-3 (continued)
E: FEDERAL SL:PPLY CLASSIFICATION MAJOR GROUPS :
: (cxduding space vehicles) {Ref. 3) E
g %
o 3
-4 FSC 3
4 group number Class §
3 l%
¥ 95 Metal bars, sheets, and shapes %
A 34 Metal working machinery 7
. 99 Miscellaneous g
. 3 23 Motor vehicles, trailers, and cycles E
- 14 77 Musical instruments, phonogranhs, and home-type radios %
94 Nenmetallic crude materials 4
a3 Nommetailic fabricated materials g
A 11 Nuclear ordnance 3
,- 74 Office machines, visihle record equipment, and data process- Z
. ing equipment 3
% 75 Office supplies and devices 3
; 96 Ores, minerals, and their primary products §
3 67 Photographic equipment %
* 47 Pipe, tubing, hose, and fittings £
b 45 Plumbing, heating, and sanitation equipment 3
s 54 Prefabricated structures and scaffolding i
9 43 Pumps and compressors E:
22 - Raiiway equipment E
78 Recre.tional and athletic equipment ¥
g 41 Refrigeration and air conditioning equipment z
- 40 Rope, cable, chain, and fittings 3
~ 35 Service and trade equipment E
E 19 Ships, small craft, pontoons, and floating docks z
3 20 Ship and marine equipment 3
” 36 Special industry machinery 3
1 89 Subsistence E
; 83 Textiles, leather, and furs Z
5 26 Tires and tubes 3
g 85 Toiletries 3
9 24 Tractors 3
s 69 Training aids and devices 3
3 48 Valves 3
g 25 Vehicular equipment components 3
3 46 Water purification and treatment equipment b
b 10 Weapons £
- 32 Wooaworking machinery and equipment %
3 5
3
2
: 85 :
33 % :
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classify, aescribe, and assign one, and only
one, Federal Stock Number to each item of
supply. The listing of classifications and de-
scriptinns is too extensive to include here.
However, it is useful to describe the nature of
the catalog number.

The Federal Stock Number (FSN) is com-
posed uniformly of 11 digits and iz always
written in a 4-3-4 digit format with a dash
after the fourth and seventh Qigits to facilitate
reading; e.g., 8105-290-0345. The first four
digits (8105) are the Federa! Supply Classifi-
cation code and the last seven digits
(290-0345) are the Federal Item Identifica-
tion Number (FIIN). The whole Federal
Stock Number never is separated to runirtoa
second line. Ir. the Federal Supply Classitice-
tion ccde (8105), the ilrst two digits ideutify
the broad group of material; ie., group 81
covers containers, packaging, anc packing
supplies, and the last two digits identify a
particular class within the group. Ciass 05
covers bag; ami sacks.

As an example of groups and classcs, the
first page of cataloging handbooks H2-1 is
shown in Fig. 3-1. This includes the entrics
under Group 10, Weapons, and part o< those
under Group 11, Nuclear Ordi:ance. Descrip-
tions of the other groups and classes are
included in the reference.

The Federal Item i atification Number
(290-0345) serves to difierentiate each item
of supply from all others within its class. In
the example being used, the number identifies
a 9-1/2- X 14-1/2-in. paper, cushioned ship-
ping sack. Each Federal Item Identification
Number applies to one, and only one, item of
supply. Ticy are assigned serially without
regard to the namec of the item, its descrip-
tion, or its classification.

82 EV'DLUTION OF ARMY MATERIEL
CATEGORIZATION

In order to understand atzriel categoriza-

tion ard classification systems, it is instructive
to examine the evolution of supply classifica-

8-6
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tion systems (Ref. 4). In World War i, supply
was grouped into the sfour classes shown in
Table 84. Prior to then, the Qusrtermaster
Corps (established in 1775 to furnish supplies
to sustain the individual soldier) and the
Ordnance Corps {established in 1812 to fur-
nish munitions) constituted the only military
supply agencies and the omnly recognized
supply classes. Gefore World War II, the
classification offici By was expanded to the
five classes defined in Table 8-5 (Ref. 5).

During World War Il the Army Air Corps
required the addition of two more classes
requiring the redefinition of classes as given in
Table 85 (Refs. 6,7). The Quartermaster
General was concemed with the lack of
fiexibility in this classification system. Parts
associated with a basic item ‘vere in a differ-
ent class from that of the basic item. Some
iteas rcould be in two differsnt classes
{notably H and !V); an item could be classifi-
ed as equipage or regular supply and requirs
different handling: and Arnny exchange items
were not separated from the general classifice
tions. The Quartermaster General desired clas-
sification by use rather than classification by
the nature of the item and reccommended that
the classifications be changed to those shown
in Table 8-7. Appesently, ac action was taken
on this recommendation and at the end of
World War H the official supply classification
remained as shown in Table 8-6.

When the Air Force was established as 2
separate branch. it had the effect of increasing
the number of supply classes that were
recognized officially to mine as defined by the
1949 issue of FM 100-10 and as shown in
Table 8-8. The 1954 issue of FM 100-10,
however, reverted to the original five classes
of 1940 (Ref. 11). However, the 1958 Dictio-
nary of United States Army Terms, AR
320-5 aguin defined the nine classifications
essentially as given in Teole 8-8 (Ref. 12). In
fact, the nine classes never had dropped out
of common usage and officiaily were confirm-
ed in a number of documents (Refs. 13-16).
The reasons for this vacillation are unclear. In
every case the classification was infiuenced by
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FEDERAL SUPPLY CLASSIFICATION—Part 1

Groups and Classes

GROU? 10
Weoapons

Net. ~Tuls Groap intisdes Dol oficatre snd dofanslts wer :us. Es-
durd v, thle Group sre fire contrs!l and alght visica devices classifiable
ta Gconpe 120t B8
108 Guss, throngh 30 mm

Includsz Machine Guns; Dayonets; Brushes, Mz-

chine Gu< and Pistol.

Fxcludes Turrets, Aircraft.
1810 Gune, over 30 mm up to 75 mm

Includes Breech Mechanising; Mounts,
1015 GQGuns, 75 mm through 125 mm

Includes Breech Mechanisms; Mounts; Reinmers.
1020 Gung, over 125 mm through 15€ num

Includes Breech Mechanisnis; fower Drives; Gun

Shieids.
1625 Cuns, over 150 mm through 200 mm

Includes Firing Platforms; Mounts; Gun Shields.
1280 Guns, over 200 mm through 300 mm

Includes Gun Yokes: Rammers; Reflectors.
i35 Gune, over 300 mm

Includes Bresci. Mechanisins;
Power Drives.

Training Gears;
1040 Chemical Weagons and Ccuipmen’

Includes Flame Throwers; Smoke Generators.
1045 Launchers, Torpedo and Depth Charge

Includes Depth Charge Tracks; Torpede Tubes.
1055 Launchers, Rocket and Pyrotechnic

Includes Airborne Rocket Launchers adaptable to
guided missile use.

Ezxcludes Specifically designed Airborne Guided
Missile Launchers; Jettisonable Rocket Launchers:
Launcher Fairings designed for specific airframes.

1076 Nets ard Rooms, Ordnance
Nore.—This ciass includes nets aad beoms for karbor delense ooly.
1075 Degaussing and Mine Sweeping Equipment
1080 Cauaovfiage and Deception Equipment
Includes Dummy Artillery, Aircieft and Vehicies;
Garnished Nets,
1090 Assembiies Interchangeatle Between Weapons in
Two or More Classes

Includes Componerts and Accessories used on or

with weapons falling in two or more claases of
Group 10.

: . . asan s e e
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1035 Miscelissncous Weapons

Includes Line Throwing Guns; Catapult Guns;
Seluting Guuns; Signal Guns: Flare Guns; Barrage
Balleo: 3; Accessories, not clsewhere classifiable, for

Weapons in this group; Expeadable Bomb
Dispensers.
GROUP 11
Niciear Ordnance
Nete.--This group inciudes. in particulnr, 5 ordnante waining

»ospons, practice bellinic enits, and all » to specially dedianed
thevelor, whea not specificaliy clsssified elsevihere. Alwe fnciuded v the
grouy are spacially Laigned simclaters and mockupes, which ars waicgrsl
parts of the abeve. Esciuded frem this grosp are general purpest nose
cenen, case snctisng, Jare sectisns or ceater soctions Josigned (o ca-ry pay.
loads alin> than nwcear and/er for use sn a miasile, rocket, 3¢ rs-e vy
vehicie te altain the neceommry sermdynsmic configurslen.
1105 Nauclear Gombs
Notz.—Tuls class includes nualesr wespous (including bosobe),

which are designed 10 be dropped from an afreraft.

Includes Ballistic cases, tail assemblics. retarda-

tion devires, and other peculiar components

which are not clussifiable -~lsewhere.

Ezxcludes Parachute canopies and canopy hardware.
1110 Nuclear Projectiles
Note.—This class includes nuclear weapons which are designed
to be mopelied from s recollless rilte, gun, howitzer, or the like,
snd which are not designed to be self-propelled.
Includes Ogive sections, body sections, bases, and

other peculiar volaponents which are not classifi-
atle elsewhere.

1115 Nuclesr Warhexds and Warhead Sections

Nore.—This class meludes nuclear warhesds (witbout or assem-
bled with case cectivns, sdaption kits, snd/or fusing and fring
components) which are to be used in or with boinbs, rockets, pro-
Jectiles, missilas, deinolition churges, or the like, Also includes
case sections, nose cunes, flare sections, center sections, and sux.
illary structur:l components of missiles, rockets, and re-entry vebi-
cles which are designed or consiructed for exciusive use with ot
for housing of nucicar warheads andfor warhtsd sectlcas.
Includes Components and pirts peculiar to the
warhead or warhead section, which are not classi-
fiable in more specific classes.

Ezcludes Such components as fuzing and 8ring
devices, nuclear components, high explosive com-
ponents, classifiable in more specific classes, and
items such as projectiles and bombs which inciude
the entire outer case of a weapon.
1125 Nuclear Demolition Charges
Nore.—This class inctudes nuciest weapons which ace designed

to be etwnleoed (n or aear & strusture, aces, ot the like, which is to
be dustroyed. The weapons may fuciude scoessotien.

Includee Outer cases, case scctione, and other

peculiar components, which are not classifiable
elsewhere.

Figure 8-1. Typizal Entries From Federal
Supply Classification (FSC) (Ref. 3}
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TABLE 84 j

]

SUPPLY CLASSIFICATION (DECEMBER 1917} (Refs. 8.9, %

3

s Class Description §

3 - :

I Food, forage, and other articles of automatic i

) supply :

3 I1 Shoes, clothing, and similar equipmeont neces- ;?

: sary for a soldier E

I1I Trucks, tarpaulins, axes. shovels, and other s

3 equipment authorized for individuals or %

-4 organizations 2

9 Iv Items depending on tha character of operations;

- exceptionai items not part of the ecuipment of 5

3 1»00ps 5

b g
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TABLE 85
SUPPLY CLASSIFICATION (DECEMBER 1840} {Ref. 4)
Ciars Descrintion
I Articlas consumed at an approximately uniform
daily rate, such as rations and forage
I Authorized allowances, such as clothing, gas
masks, arms, trucks, radio sets, tools, and
instruments
111 Engine fuels and Tubricants, such as gasoline

2
v
.%3
P
32
i
*
i
ol
3
kK
&
3
K-
ki
i
b
Y
3
;{
2
,2;
3
§
§
¥
%
%
E
-
3
3
z
>
=
3
2
5
=3
g
b
H
g
z
N
>
2
§
%
k]
b
k|
:ﬁ
;
o
3
3
E
@
3
3
£
]
4
5
2
5
%
T
%
3
3
2
A
k
4
ke
F ]

for ail vehicles and zircraft, diesel oil,
fue?! oii, and coal

v Supply related to operations in hand (except
for articles in classes III and V), such as
fortification materials, construction mate-
rials, and machinery

v Ammunition, pvrotechnics, antitark mines, and
chemicals
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TABLE 88.

SUPPLY CLASSIFICATION (NOVEMBER 1943} (Ref. 8)

Class Description

Suppiies consumed at an approximately uniform
daily rate under all conditions and issued
autumatically, such as rations and forage

%‘é
:
)
E
%%
g
:;‘.
%

I

i

o

Supplies for which allowances are fixed, such
us clothing, weapons. and vehiclas

)

I1I Supplies of fuel and lubricants Tor all puyr-
poses exceapt aviation

111(4)
v

Aviation fue! snd lubricants

Supplies for which allowances are not prescribed
or which require special measures of control,
suck as fortification materials, construction
materials, and articles of similar nature

IV(E) Complete airplanes and all spare parts and

suppiies required to maintain the complete
airplane in commission

(L2 SV RELAEREAL IV sl e A R AN

Ammunition, pyrotechnics, antitank mines, and
chemical warfare agents
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TABLZ 8-7. ;

<+

SUPPLY CLASSIFICATION, QM RECOMMENDAT!ONS ;

(NOVEMBER 1945) (Ref. 10) 3

E

Class Dez- ription %

I Raticns and ration accessories, and items used exclusively in X

tne handiing of raticas, such as bread sacks, solidified
alcohol heating uni%s, and coffee bags

S NS & RN Wi A R A S0

1I(A) Individual or organfzational ciothing and equipment with au-
thorized 21lowances

11(B) Expendables such as cli=aning and preserving material, and
oifice supplies

11(C) Spare parts such as- rield ranje parts and tools that would be
in excess of avthorized allowancas

111 Gasoline, 011, lubricants, and solid fuels and items used ex-
clusivety in the handling of these items, such as gasoline
cans anu hnse

St i S S B S S Sk T W Ao e irh S0

IV(A} Distinctive itens of clothing and accessories
V\B) Items specifically for supernumerary personnel, such as Red 1
Cross personnel and war correspondents ‘
v(c) Spacial supplies of a nonrecurring nature, such as American
flag armbands and nauses bags
1v(D) Medals and decorations
IV(E) Materials-handling equipment not contained in allowance

PX items Items pro~ured by the QM and turned over in wholesale lots to
the Arry Exchange Service, Navy, and Red Cross

8-11
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III{A) Fuél and lubricants for aviation
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‘%
TABLE 83. ;

SUPPLY CLASSIFICATION (SEPTEMBER 1949) (rief. 11)

:

Class Description 3
— 4
I Suppiies consumed at an approximately uniform daily %
rate under all conditicns and issued automatically S
il Supplies for which allowances are fixed for the Army g
g
II{A}  Suppiies for which all allowances are fixed for the g
Air Force §
)
1 Fuel and lubricants for the Army E
‘:g
E
B
!ﬁ

v Supplies, except Air Forca suppiies, for which allow-
ances were not prescribed. Classes I, Ii, III, and V
may be subject to class IV {ssue when issued in ey-
cess of prescribed allowances or for purposes not
regularly authorizad

IV(A) Air Force suppiies for which aliowances were not pre-
scribed

) Ammunition, pyrotechrnics, aatitank mines, and chenical
warfare agents

V(A) Aviation ammunition
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the inethod of distribution and issue, the as-
signment of supply responsibilities, the storage
and use of the item, and, to some extent, by the
user of the item and its anticipated consump-
tion and life. The classification system appar-
ently took no appreciabie cogrizance of pro-
curement, source of issue, cost, and obsoles-
cerce. In 1966, the supply classification was
that given in Table 8-9 but has now been super-
seded by those given in Table 8-2.

8-3 ENVIRONMENTAL EFFECTS ANDIMA-
TERIEL CATEGORIZATION

The current supply classification (Table 8-2)
as defined in FM 38-1 (Ref. 2) includes ali ma-
teriel that is supplied to the Armry. Itsinterface
with the Fedcral Supply Classificatior. is mix-
ed. For example, Class I materiel that is subsis-
tence corresponds to FSC Group 89, but Class
V1i materiel, major end items, includes at least
10 FSC greups. The 10 materiel classes defined
in Table 8-2 have an equally complicated rela-
tion to environmental effects as discussed by
materiel class in the subparagraphs that follow.

Subsistence, Class I, is characterized by
foodstuffs, many types of which are perishable.
Fresh foodstuffs require controlled environ-
ments. whiie dried, canned, or prepared items
have various degrees of environmental suscepti-
bility that generally require special considera-
tion. One unusual i;icident gelates to a quantity
of canned goods stockpiled in a humid location
wherein their packaging materials and labels
deteriorated so that the cans could not be han-
dled without repacking and the individua!

items could not be identified. They were a total
loss.

Generally Ciuss I materiel is most susceptible
to temperature, humidity, solar radiation, rain,
macrobiolegcal organisms, and microbiologi-
cal organisms. The more slowly acting factors
such as ozone, salt, and atmosgheric pollutants;
the mechanical factors; the various forms of
radiated energy; und factors such as fog, wind,

and pressure ha/e little or no direct effect on
subsistence.

AMCP 706-115

Class IZ materiel includes clothing and a vari-
ety of small items such as tools, office supplies.
and housekeeping equipment. Because of this
variety, little cohierence can be obtained in di»-
cussion of environmental effects. Generally,
such materiel is packaged for normal handling
and protected warchousing; hence litt'e deteri-
oration is observed. If packaging is compro-
mised, open storage =mployed, or if long-term
storage is required, the materiel is degraded by
various patural environmental factors.

Class 111 materiel is largely petroleum pro-
ducts which require special handling both in
transportation and storage. Characteristic envi-
ronmental problems include evaporitive losses
at high temperature, moisture contamination

caused by condensation, and microbiological
attack.

Canstruction materials, which are Class IV
supplies, interact directly with the natural esivi-
ronmental factors. B2cause engineering person-
il consider environmental effects as major fac-
tors in any construction activity—a large
amount of attention is given 1o such effects—
little can be added here. However, engineering
personnel must be alerted to those peculia-ities

of specific operating areas that call for special
procedures or matcrials.

Class V includes all types of ammunition and
explosives. Because of the nature of their use,

these items are designed to resist environmental
effects.

Materiel :n Classes VI through X is
insufficiently homogencous in type, use pat-
te:n, or construction to allow any d’scussion of
environmental effects by class.

it can be seen that the raajor materiel catego-
rization systems in use relate poorly to classifi-
cation of envircnmental ettects.

In consideration of environmental effects,
therv is considerable emphasis on classes of ma-
terials aslisted in Table 8-10. The advantages of
this, approach are that it is tractable in a one-
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TABLE 8.9
SUPPLY CLASSIFICATION (FEBRUARY 963) (Ref. 18)
Class Description

1 Supplies such as rations. forage, and PR supp?ies that are
consumed a‘. ar approximately uniform daily rate under all
conditions

II Clothing, crganfzational equipment, and vehicles, wnciuding

spare parts for which allowances, tables of organization
and equipment, or other appropriate lists or tables, and
#hick are not included in classes 11{A), IV, or IV(A)

II(A) Aviation supplies and equipment for which allowances fo:- ini-
tial issue to organizations are prescribed by appropriate
tables-of-allowance 1ists

111 Fuels and lubricants for &1! purposes except for gperating
aircraft or for use as ammunition in weapons such as flame
throwers

E I11{A) Aviation fuels and lubricants

1 Iv Items not otherwise classified and for which initial issue

3 allowances are not prescribed by approved issue tabies.

: Neemally such supplies include fortification and construc-
tion materials, special machinery and equipment, and other
special supplies, as well as additional quantities of items
identical to those authorized for initial issue (class II),
such as additioral vehicles

1V(A) Aviation supplies and equipment for which allowances for ini-
tial issue to organizations are not prescribed by appropri-
ate tables-of-allowance 1ists, or which require special
measures of control

v Ammunition of all types (including chemical), explosives,
antitank and antipersonnel mines, fuzes, detonators, and
pyrotechnics

viA) Aviation ammunitiorn, bombs, rockets, pyrotechnics, and similar

expendable accessories

;
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-3 TABLE 8-10

¥ MATERIAL CLASSES

PO

[ t
LRI e ARV A s

Plastics and rubber
Metals

Ceramics

TR o

£]
:

3 Trarsparent materfals e
% Textiles e t
) Casting materials )
3 Adhesives and ¢2:%7ug compounds
- Magneti: materials

k Gasket materials

. ? , Hydraulic fluids

'j P Chemicals
3 e Hydrocarbon fuels and lubricants

5 . Wood and wood products

N ‘ Explosives

%)
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TABLE 8-11

= s o

MATERIEL CATEGORIZATION BY TYPF.

IS

Mechanical ¢~semblies
Electrical and alectronic eauipment

PP L AT R T Ha

Optical aquipment ;
Construction materials and equipment
Bulk materials
Weapons ]

Personal subsis.ence, clothing, and supplies
Small {tems
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, factor, one-material-class-type of analysis and
: y that it provides informatioa that is useful in
% . design. lis disadvantags is that, since mos: end
y items include a variety of such materials, it is
3 not always apparent which will be affected
§ most in a given complex environment.

b

An alternative categcrization system is given
in Table 8-11 based on the type of nateriel.

TR

. AMCP 796-121, Engincering Desian

Handtook, Packaging and Pack Engineer-
ing.

2. FM 38-1, Logistic Supply Managemert.

3. Federal Supply Classification, Part I,
Groups and Classes, Cataloging Hand-
book H2-1, Defenss Supply Agency, Bat-
tle Creek, Mich., Junuary !1970.

4. R. A. Hafner and B. R. Baldwin, Supply
Categories Under a Functionalized Sup-
ply System, Research Analysis Corpora-

tion, McLean, Va., November 1966
(AD-313 541).

5. FM 100-10, Field Service Regulations
Administration, 9 December 1940.

6. FM 100-10, Field Service Regulations

Administration, Reissue, 15 November
1943.

7. T™M 20-205, Dictionary of United States
Army Terms, Department of the Amy,
I8 January 1944.

8. General Order 73, General Headquarters,

American Expeditionary Forces, i2 Des-
ember 1917.

9. SR 32D-5-1, Dictienary of United Stctes
Army Terms, Department of the Army,
24 Ngvember 1953.
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This is also comrcnly employed because the
interactions cf electrical and electronic equip-
ments with environmental factors, for ex-
araple, differ from inieractions of mechanical
asserblies. Most of the data available on effects
on =nd items is presented in ‘hese categories.
Each category provides a distinct set of envi-
ronmental effects which is observed, tested,

and analyzed independently of the other
categories.
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12. AR 320-5, Dictionary of United States
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14, JCS Pub. 1, Dictionaiy of United States
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INDEX

A desert climate, S-7
desert flats, 5-16 £
accelerated testing, 7-9 dewpoint, 6-7 é
acceleration, 4-9, 6-20 diurnal extremes, 1-5, 5-7 g
acceptance tests, 7-9 doldrums, 5-30 ;
acoustics, 4-11, 6-20 dry washes, 5-16
air, heat absorption, 3-8 dunes, 5-16

air temperature, 5-5€

albedo, 5-58

alluvial, 5-16

Alpine cEmate, 5-37

dltitude, 3-7

ants, 3-29

Arrhenius equation, 7-10
atmospheric pollutants, 4-1, 6-18

dust, 44, 5-15, 6-18
dust devil, 5-14

E

electromagnetic radiation, 4-11, 6-20
electromagnetic pulse, 4-15

electronic componeuts, effects on, 2-3
EMP, 4-15
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B environment, classification, 1-2

‘ environment, definition, 1-1

s bacteria, 3-31 environment, importance, 2-1

E badlands, 5-16 environmental contiol, 1-1

'E. bajadas, 5-16 environmental design criteria, 1-1

:% Beaufort scale, 6-15 environmental effects, 8-13

< bedrock ficlds, 5-25 environmental engineering, 1-1

% beetles, 3-29 environmental factors, 1-1, 1-2, 3-1, 4-1, 6-1,
E birds, 3-29 72

blowirg snow, 5-62 environmental factors, importance, 2-5
E environmental protection, 1-2

C environmental tests, 7-1
erosion, 2-2

canopy, 5-21, 5-29 Eyring equation, 7-10

carbon monoxide, 4-1
climate, cold, 5-36

climate, hot-dry, 5-7 F
climate, hot-wet, 5-18
climates, 5-1, 5-3 factor combinations, 5-2
climatic categories, 1-2 factor descriptors, 5-2
cold climate, 5-36 factor parameters, 6-2
cold regions, 5-36 Federal Cataiog System, 8-1
combined environmental factors, 5-1 Federa) Stock Number, 8-6
corrosion, 2-3 Federal Supply Classification, 8-1
cyclones, 5-30 field tests, 7-11

fog, 3-18, 5-60, 6-12

D frazil ice, 5-69

freezing index, 5-69

data, 6-20

frozen ground, $-69
functional comtinations, 5-3
fungi, 3-31

data sources, 6-24
decay, 2-2
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G mobility, 3-3, 6-2 %

glaciess, 5-52 moisture, 5-12 3
glaze, 5-48 monsoon climate, 5-20 'g
global energy flow, 3-11 moths, 3-23 3
greenhouse effect, 5-54 mountains, 5-16 !
Greenland Ice Cap, 5-39 muskeg, 5-62 %
f

3

K

H N 3

hail, 3-14, 6-12 natural environment, 5-1 E
haboob, 5-14 natural environmental factors, 3-1 3
handling, 4-9 noise, 4-9 3
harmattan haze, 5-14 nuclear radiation, 4-15, 6-20 :
hoarfrost, 548 3
hot-dry climate, 5-7 0] 3

hot-wet climate, 5-18 obscurants, 5-60

humidity, 34, 5-29, 6-7 operational environment, 7-3, 7-11
hurricanes, 5-30 ozone, 3-21, 6-12

hydrocarbons, 4-1

hydrology, 3-1, 6-3 P

particulates, 4-1

performance deterioration, 2-2
permafrost, 5-73, 5-62

playas, 3-16

precipitation, 3-10, 5-12, 5-25
pressure, 3-7, 6-7

ice, 3-12, 548

ice cower, 5-67

ice fogs, 5-60

icebergs, 5-66

induced environmental factors, 4-1
insolation, 3-7 Q

instrumantation, 6-5 qualification, 7-9

quantitative environmental concepts, 6-1

3 R
radiation, 6-20
rain, 3-10, 6-9
rain forests, 5-20, 5-32
L rainfalt, 5-25
rainfall records, 3-13

jungle, 5-34

life cycle, 5-2
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lightning, 4-15 refraction phenomena, 5-58
relative humidity, 5-12, 5-29, 6-7
M reliability, 7-2

macrobiological osganisms, 3-23, 6-18 rime, 548

maintenance, 2-1 rodents, 3-29

marine boress, 3-2¢ rot, 2-2

matecial deterioration, 2-1

materiel categorization, 8-13, 8-6, 8-1 S

materiel effects, 5-17, 5-36, 5-73 salt, 3-19, 6-12 3

materie} requirements, 2-4 sali fog, 3-19, 6-12 3

mechanical forces, 4-2 salt water, 3-19, 6-12 %

microbes, 3-31 sand, 4-4, 5-14, 617 :

microbiological organisms, 3-31, 6-18 savannas. 5-35 i

military specifications, 24 shock, 4-9, 6-20 é
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silverfish, 3-2¢
simulation, 7-1, 7.8
single-factor analysis, 3-1
snow, 3-12, 543, 6-9
snow cover, 5-45
snow depth, 5-45
snow load, 5-48
snowfsll, 3-14, 5.43
soil, 3-3, 5-32, 6-3
sail moisture, 5-25

sviar radiation, 3-3, 3.7, 5-} 2, 5-21, 5-54,6-9

solar spectrum, 3-9

solid precipitants, 6-9

solid precipitation, 3-12, 543
sound pressure level, 4-14
sulfur dioxide, 4-

surface finishes, effects on, 2-2
synergism, S-1

T

temperature, 3-3, 5.} 1, 5-20,5-37, 6-5, 7-10

temperature cycles, 34
temperature-dewpoint cycles, 3-6
iemperature, effects. 34

temperature inversions, 5-39
termites, 3-25

T e T e,
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terrain, 3-1. 3-3, 5-62, 5-] 6, 5-30

test classifications, 7-12
testing, 7-1, 74, 7-11
thermal energy controls, 3-3
time, 6-1

topography, 3-1, 5-30, 6-2
transportation, 4-9

tree, 4-18, 5-34, 64

tropical climates, 5-18
tundra, 5-62
two-factor combinations, 5-3

\'
vegetation, 3-1, 3-31, 5-32,6-3
vibration, 4-9, 6-20
visibility, 5-17, 5-35, 5-60, 6-12
volcanic cones, 5-16

W
water vapor, 34
whiteout, 3-18, 5-58, 6-12
wind, 3-19, 5-14, 5-30,6-12
wind-rose, 6-12
windchili, 5-39
wood borers, -23
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