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INTRODUCTION The purpose of this paper is to report an ex-
periment in tropic materisl degradation being conducted by the US
Army Tropic Test Center, The experiment differs from many other
studies of the same phenomenon ty emphasizing a higher data rate, ex-
panded geographic coverage and extensive laberatory analyses, This
paper will cover early results only, representing a fraction of the
data that will be available at the conclusion of the study.

The climate of the humid tropics affects military materiel in
tvo main ways, Military standards and specifications generally deal
with the direc* influence, For instance, they deal with the heating

and cooling of materiel through ambient temperature, sunshine and
- humidity cycles.,
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There are, however, very effective ways that climate can affect
materiel indirectly, TDecause there is no cold weather in the humid
tropies, macro- and microorganisms exist that could not survive in a
climate that has a winter or which has a desert-dry season, The
metabolic products of tropical organisms can affect, and in extreme
- cases destroy, military equipment even when the climatic conditions

stay well within the extremes set as tolerance limits of direct
climatic effects,
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Since the discrepancy vetween climatic data and climatic effects
is well known to everybody who ever lived in the tropics, experiments
were begun many years ago to assess the effects of the humid tropics,
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Materials (spelled with an "a") and muteriel (spelled with an
"e') were exposed and the course of deterioration was checked from

time to time, mainly through visual inspection of material or a go~
no go ovasis of materiel,
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METHOD Our présént project is lesigned another way. The
materials are not placed just anywhere, but on 16 dlfferent, care~
fully selected sites representlng a range of vegetation and terrain
assoc1at10ns commonly found 1n the troplcs. There are only 51x
each of the sites in exactly the same way, in blocks of twelve speci=
mens éach, In addition, control racks are kept in an un-lighted air<
conditiioned room of our laboratory.

 Figure 1 shows one of the opén sites, Figure 2, one of the
sheds. Thé materials on thé racks are steel (5 mil thlck), plasti-
cizéd polyvinyl chloride (PVC), butyl rubber, natural rubber, nylon,
and cotton. At intervals ranging from one week to one month, one
strip of éach material is eollected from each sité and submltted to
a series of phy51cal and céhemical tests in our laboraxory. In the
coursé of timé a detérioration history evolves for each matérial at

each site,

Eve“y threé months néw samples are fasténéd on addltlonal racks
in ordér to covér the following Seasonal periods: early wet, lateé
wet, early dry, late dry;

fé 3 shows the locaxlons of the 31tes. There ere two

are exposed on open racks to a salt laden atmosphere and much sun-
shiré, Six additional sités are open and uncovered, but Aot cdastal
(Gun Hill, Chiva Chiva, Gamboa; Ft. Gulidék, Coco Solo, Ft:; Sherman).
Four s1tes are in deep évergréen oOr semiévergireéen forest where
hum1d1ty is abundant and sunshlne §carceé or non=éxistent (Pac:flc
Forest uamboa, Coco Solo, Sherman) Three 51tes are open sheds
but whére the ambient alr can circulate freely (Chiva Chiva, Ft.
Gulick,; Coco Solo). Finally, one site was érected in the Mangrove

Swamp (coco Solo).

At &ll of the sites meteoralogical instruments were installed,
It soon becamé obvious that the two parameters that are predomlnantly
emphasized in r :gulations, standards, and test criteria, namely am-
bient terperaturé and relative humidity, are of least importance, and
the hygrothermographs weré consequently vemoved from several sites.

Figure L shows the mean maximum temperature and the temperature
range measured in iovember 1971 at all sites, This month dzsplayed
a wide variety of weather , .tterns so that it can be taken as repre-
sentative for thé climate in general. A presentation 6f relative
humidity would show a similar clustering of site names. T ask you
to Keep in mind thé nerrow range of temperature shcwn hére when you
next observe thé enormous differénces of détarioration at these same

sites,
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ANALYSIS The following kinds of documentation are obtained
in thé laboratory: color photographs, each provided with a calibrated
color standard; refléctivity at different wavelengths from the upper
sidé as well as from the underside; growth and kind of fungi when -
parts of the samples are placed on agar; breaking strength and elonga-
tions microscopic inspection of cracks, their number as well as their
shape, transparency and reflectivity where applicable.

RESULTS Time permits presentation of only oné méasurement-
~=smoothed time curves of tensile stréngth,

Some of the early results were startling and unexpected, The
first family of samples was placed on the racks on 7 April 1971 One
day later, inspection revealéd that the stéel samples undér the man-
grove trees were already 70% coveréd with rust whilé the steel samples
at all other sites still looked new.,

Flgure 5 shows the deterioration of steel during the first expo=

sure per1od. The ordlnate indicates breaking forcé; the abseissa
duration of exposure in days. Theé mangrove curve reachés zéro at
snproxlmately 55 days. Only séveén samples had been ¢ollected up to
this time, the rémaining five sampleés later fell in pieces from the

rack.

Contrasting to this, the perenially wét forést causéd a reduc=
tion in stréngth that was only slightly more than that in the shéd,
and slightly less than over grass,

The coast with its high saltfall also produced rapid déstruction
of steel,

It can be seén on Figuré 6 that also natural rubber (latéx)
shows vary definite détérioration, but the influences of the dif-
ferent subenvironments do not parallel thosé of stéel. (In this and
the following two slides, thé four forest sites and the threé sheds
aré averaged),

The deterioration of latex is lowest in the forest, particularly
during the éarly wet séason (line F I), In the sheds, where the
latex is not protécted by wetness, deb*zs, and jungle canopv fron
higher light levels, détéridoration is much greatér than in the forest,

» The open sites, whether at the coast or inland, reduce the
breaking strength of latex in only three weeks to less than a tenth
of its oériginal value,

Mangrove again induced greater detérioration than junglé, which

may-be due to greater light penetreliun, higher salinity, different
air chéemistry or some combination of these,
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In contrast to natural rubber, artificial rubber (butyl) did
_not show any statistically szgn1f1cant differencés among sites, o«
any 51gn1f1cant detérioration in the course of 231 days éxposure
time, The same was true for polyvinyl chloride (PVC), This hoids,
of course, for phy31cal measurémients. The chémiZal analyses, now
underway, may tell a different story.
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Nylon is another material that was exposed; Nylon has tWo sige
nificant tensile strengths; one of them is the breaking strength;
the other is the strength at which the molecules rearrange théemselves,

In Figure 7 the ordinate denotés stretchlrg forcé; the abscissa
ghows élongation., The bold curve is identical in Both parts of the
dlagram, and refers to unexposed nylon. It can bé seen that the
unexposed nylor has-a continuation of the éléngation with réduction
of stretch1ng“orce oncé a rearrangement 5f the moleculss has begun,
Aftér this is completed, further elongation is attainea by increasing
stretehing force until thé nylon bréaks.

The curves that réfer to QOﬂdltzons in the forest show that the
nylon is stronger after 2 months of éxposure then it was vefore; but
after 8 months it is 5lightly weakér,

Aftar tio months éxposuré nylon in the shed and in the mangrove .
swamp is as strong as it was orlglnally, but after 8 menths the ~ -
breaking stréngth is greatly reduceéd,

Nylon rapidly deterioratez in the open, and although it with-
stands & slightly larger force than originally needéc to align theé
molecules, no such -alignment occurs after two menths, Thé breaking
force becomés less and less with increasing exposure timé; it is in
thé opeén only 35% of what it is in the forest after 8 iuonths of
éxposure,

The lest material to mention is cotton (Figures 8 and 9). It
‘was severely attacked by light as well as by fungi; yet, in the
first wesks of exposure it becamé stronger at those places vhere it
cuuld soak up moisture, Cottén is thé only one of thé six materials
that suffered moré in the forest than in any other kind of subenvi-
ronment. Microbial attack was the predominant influence in this
process,

CONCLUSION Time did not permit discussion of other
properties- than tensile strength, nor of inhomogénéities in the
data, The followzng conclusions are based on the entirety of
analyzed measuréments availablé at the time, and go beyond a mere
sumuary- of the- data discussed in the present paper.,
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With1n a tropzcal area where temperature and hum1d1ty vary only

Matérial and surveillanceé test sités cannot be charactérized by
an overall séverity indéx; Severity of detérioration is matérial-
specific as well as site-specific,

It séems obvious to those of us in the matérial test and éval-
uation work that air chémistry, particulate deposits, and microbial
ecology represent the basis of cause and effect reélationships,
Thése factors dépend on temperature and humidity (commonly recorded
during tests) only because thé lack of drastic changés provides the
basis for the écological effects, In future test programs, we will
deflnltely need to reappraise the relative value of gross méteoro-
logical measures and the forementioned microeffects in explaining
tropical degradatlon. Man-made modifications of the environment
such as clearing the ground from forést, or érection of sheds,
modify atmosphéric constituents and further allow différent amount
of solar radiations to infringe om the test items. Aside from ‘the
heatlng e fect tne radlatzon 1nfluences the chem1cal structure of

lating in this fash1on the metabolism and the longev1ty of mi éro-
biclogical déposits as well as thé supply of oxygén and water for

corrosive rrocesses,

i

Mangrove swafips have proven to be surprisingly corrosive to
somé materials afjd rélatively protective to othiers, Further

analysis of the gcology of this significant environment seems in
order,

For most of the materlals, the tropical forest, with its con=
sisténtly damp atmospheré is the least deteriorative environment,
wheréas the opén exposure, with its abundancé of ultraviolet light
and its daily changes between dry and wet surfaces, is generally the
most deteriorating énvironment, especially néar the coast,

Our long held hypothésis that the timing of the initial expo-
sure will décidedly influence the raté of subsequent déterioration
seéms to bé confirmed; In the paper it has been shown that the rate
of deterioration was greater when the exposure began at the end of
the dry séason than when it began in thé rainy season itself., We
are now analyzing the late weét and éarly dry season data.
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