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} SCOPE This Test Operations Procedure (TOP! describes gemneral procedures
tor atmospl.eric tield exposure of materials in a humid tiopic environment and
tor measuring changes in phvsical propertics of the setevials siter enpusure

2 EACLLITIES ARE INSTRUMENTAZLQN
| 21 Eacilities

a Exposure Facilities The United SZtates Aray Tropic Test Site (TTHS)

E: Fort Clavton. Panama. has & number of sites sveilable tor vaposure of

mate-ials These sites provide various tropic wmecro snviromnmsnts esach oiw

having peculiar conditions that accelerste specitic envirommental etfects

The appropriste exposure site should be selected based on the unique require i

g wents of the test item A brief description of the general environmenial J
conditions at each site is presented in Appe.dix C A mumber of difftevent

micro-environments alsc may be found at each euposure site These should be

. & considered when selecting a specific location at the enposure site Each

‘This TOF supercedes TOP 1| 2 blé¢. dated ! Mav 1950
Approved for puhltc reloase distribution unlimited --
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iten
Exposure Sites

Laboratory Facilivy

wicro-snvirorment wil! affect the saterial differentiv Tharefore. all micro-
enviromnments present at anv site should be considered at the test planning
stage durtng site selection

Aanizesants

Noterials esposure will be conducted in
the natural environment A suitable
enposure suite should be seiected in the
humid tropics based on the expected
environmental conditions under which the
test item’™ i{s intended to be used
Generally. selection ol anposure sites
should be mede in the most severe. vet
tealiatic natural environment available
to {ncrease the chan<es of detecting
waterial problems Environmental
paraweters normally considered {or site
seloction are

Datlv Temperature (high. lov. wmean)
Relative Humidity (high. lov. msean)
Rainfall (wonthly, daily)

Vegetation Description {types. stem
size, stem density and height)

. Solar Radiation (intensity, wavelength

an e

range)
t Soil (type)
£ Vind (direction and speed)
k' Atmospheric Saltfall {Chloride]

tmg [Cl-i/(w® -day))
i Nicrobial Activity (levels)
J Ingect Activity (types and levels)

NOTE The importance of each of theas parametsrs i{s discussed in Appendix B.

This facilicy has a suitable environment
for conducting laboratory tests to
weasure physical proporties of test
materials. Storage of control material
saaples is norwelly accomplished under
controlled environsntal ~onditions
within the laboratory tacility.

“Meters to an individual material specimen

2
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Meteorological Site

Exposure Racks

Sample Holders

b Exposure Modes
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Enguixemsnts

Instruments for collecting climatological
data during the exposure test should be
located in the immediate ares of *he
asterials under test Histerical data
asay provide suitable characterization of
setecrological conditions for long terw
sXpoNUre programs

These structures are used to hold the
test materials at a specitied heijht and
angle of exposure The racks sust ke
securelyv anchored for protection against
high seasonal winds or troptcal storms

Host wmaterial samples tested will not be
suitable tov mounting directlv on
exposure racks In these cases., vample
holders are used to support the test
specimens

The waterials to be tested mav be svaluated

according to anv ot the tollowing conditions (cor exposure modes) under which
the matetlals are intended to be used or stored

Hedx

Direct Exposure

Open Shed

Storehouse

2 2 lnstrumentation

a. tield Instru wnus

Esguicsannis

Exposure to all prevailing atmospheric
elements

Exposure under a roofed structure with
open sides perritting free air flow but
not subject to direct sunlight and
rainfall

Siposuie approximately 10 cwm above the
ground on a pallet and covered with
tarpaulin to exclude direct sunlight and
rainfall

Exposure in a large bullding, tent, or
bunker .

The following types ol inst-uments are required

3
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fur field inspection and data collection. Accuracy of the instruments will
dapend upon specific test requirements and should be addresassd during test
planning with attention given to the maximum permissible errors.

(1) HWetaorcloglcal Instruments.

Davices for Bessuring
Tempersture
Relative humidicy
Rainfall

Solar radisgtion

Uind speed
Wind direction straight/steady
Alr-salt deposition

Ozone. Nitrous Oxide,
Hvdrocarbons. Sulfur compounds

Ambient light
(2) Hiscellaneous Instruments

Sample veight changes

Visual changes of sample

Cistances

Heading

Surface anslivsis

Sample characteristics

FLJ

Measurement of Accuracy
+ 2°C
< 90X + 1X, > 903, ¢ S%
2] om

+ 5 of cumulative, t 2I of

individual reading
4 31 of observed value
£ 2°. gusts t 10°

102 of seasured value

i*

+ 10X of measured value

¢ 101 of weasured value

t 0.1 of measured ‘ralue or
as othervise speci'ied

as specified b the
appropriate r sndard

$ 173000 (surveyed) of

ocbserved valus. ¢ 21
{vehlculac) of observed value

: t e
t 101 of measured value

as specified by the
appropriate astardard




Dimensions

Durability

Color
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+ 0.02 wm, 0.1% of weasured
vaiue, or as specified

t 5X of expectad gervice life

+ 1 color chart division

b. Laboratory Instrusents. The selected procedures for measuramsnt of
waterial characteristics (paragraph 3.1.d) will determine the required

laboratory instruments for the exposure test.

The required sccuracy of the

instrusents usually will be given by selected standard procedures (e.g..
American Society for Testing and Materials (ASTM) standards or Federal Test
Hethod standards) and should be addressed during test planning.

Chariges in teusile streagth.
elasticity, and absolute
elongation of polvwmers, metals
and fabrics.

Surface deterjoration, fungai
grovth, and contamination.

Locating surface and sub-surtace
flavs in the materials

Thickness. length, width, depth.
insiae diameter, ocutside dia-
mcter, and other physical dimen:
sions of the test material

Precise weight of test materials

Changes in permeability of
fabrics and packaging materials

Inorganic waterials such as
corrosion products

Determining chemicail changes in
surface of organic matorials

3 BEQUISED TEST COMDITIONS
3.1 Exstest Prepacation.

a Establish scope and nbjective(s) of exposure test For esample.

$ 2" of weasured value

as spacified by the
appropriate standards

as specified by the
appropriate standards

2002 s, 3 0 1Y of
asasuremsent

t 011 of measured value
t 5% of measured value
as specified by the
appropriate standards

as specified by the
appropriate standards
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exposure tests may be planned to perwit reporting:

(1) cChanges in the physical properties of the material after a
specified exposure time,

{2) Exposure time to the occurrence of a aps.itied phyzical change
irn the material or of a spacific svent, such as the accumulation of a
specified amount of sclar radiation;

(3) Degradation profile, namely & record of a series cf mearursments
of changes in physical cheracteristics after specified exposure periods.

b Select expusure site(s) and wode(s) of exposure snd determine the
physical characteristics of the materlal to be wonitored and woeasured.
Seluction of the exposure site(s) and mode(s) should be msade on the basiz of
the expescted environmental conditicns under which the test sacterial is
intendud to be used While selecting the exposure site(s) consider the most
severe, yot realistic, matural enviromnment available to increass the chances
of detecting materisl deterioration. Selection of phvsical characteristics
to be measured should be based on the sxpected end use of the material.

< Establish fixed procedures for pr~ ring. conditioning. and cleaning
of the muterial specimens The procedures will vary with materials but must
be uniform to provide comparative resules

d Esxtablish labotstorv wethods and procedures for sessursaent ot
watet isl characteristics Vhen available. standard sethods and procedures
should be employed. ruch as Federal Test Method stundards or ASTH scandards.

. Determine required instrusentation and its accuracy for measurement
of materisl characteristics In accoruence Wit (iAW) selected sethods and
procedures

{ Design dats collection gheet(s) for collection of laboratury test
data

g Establish scoring standards cor ay-tems for application during visual
fnspections of the exposed wmaterial samples Appendix E includes efight
references as guides for wisual evaluatjon !"#**°

h Establish oxposure test period Dure: on of sxposure is determinec
by the requirement of the individual test and .o saterisl under test For
evample waterials such as cecamics dateriorate alovwly over a period of years
while carbon steel might rust through within oighr eeks

i Establish « tield iuspection schedule and & sasple retrivval
schedule An appropriste vetrieval schedule ix critical to the test The

«ss

Superscript nushors correspond to those in Appendix E. References

b
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schedule is determined by the sevarity of the exposure site, the degradation
characteristics of the material, test duration, and test objectives. The
following sample retrieval schedulez are based o1 experience of materizl
sxposure at TTS sites and are intended for general guidunce only.

Average
Hatexial @~ = Exposure Tiwe = = Iypical Retpieval Schedule

Carbon Steel 8 weaks Weekly

(thickness, 0.25 mm)

Cotton Fabric 1 year Biveekly for first 8 weeks; wonthly
thereafter.

Plastivs (polyvinyl 1 year Biverkly for first B weeks; monthly

chloride and nylon) thereafter

Latex {natural rubber) 3 menths Daily for first 3 weeks. weokly
thersafter

b Estimate the total sample size of material required to meer the test
objective Estimation of the sample size should be based on the test
requirements. exposure test length. retrieval schedule, tvpe of laboratory
test (destructive/mondestructive). repesatability of seasurement techniques.
expucted material deterloration pattern, and prior knowledge of satevisl
howogeneity  The sample size should inciude a sufficient number ot samples
to serve as control samples (Paragraph ) 3) A statistician and materials
engineer should be consulted for assistance in stimating the required sample
sive This is 2 critical step in test planning because un insufficient sample
sice will jeopavrdize meeting test objectives If test material is available
during the test planning phase. procedures at paragraph 3 ) b should be
performed at thix vime

k  Establish the experimental des.gn and stazistical anclvses proposed
tor addressing the objlectives ot vhe exposure teat

1 Prerarc a tezt opreetinns checklist using the checklist provioed in
Appendix A as a guide The test operations checklist should cover specitics
tor the test material snd test milestones

J 11 Facilities

a Exposure Site Heasuie and record appropriate environmental site
pParameters Install exposure rackis) The area beneath the sxposure racks
»hould be tvpical ot the ground cover of the site or as specifieod in the test
plan

b Meteoiological Site Install selected instrumentation for
measurement of climstological deta at the meteorological site, if {easible
and regquired Historical climatological data may be sufficient to
characterize meteorclogical cronditions for long term exposure programs

7
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c Exposure Racks  The design of the cxposure racks (Figure 1) depends
on the size and characterization of the test material. Racks and associated
harduare should be constructed of materials that sre highly resistant to
corrosiors  Aluminue Alloy No. 6061-T6 and Monel'™® are recomsended as con-
struction materials. Gunerally the racks should be designed to position the
exposed surfaces of the material specimens at an angle of 30 degrees to the
horizontal. facing south or east For scme waterials, other orientations,
suth as vertical or horizontal, way be vequired Thr exposure rack should
not normally constitute a backing foxr the speciwmeris The rack should be
designed that the lowest specimens positioned on the rack are exposed at a
winiour height of 115 cm= above the ground level. as shown in the figure
belovw. unless othervise dictated by the expected use of the test material

M

%

VAl

A D A‘ -— e

W ————————. Y

S

A |

N

, !
I U ‘“"Ni—h' ni.:-f

N g - -

Figure ! Typical thir:y degree exponure rack (rack may be 45 degrees)
(Frame mater.al {s slotted aluminum angles, approximately 1 1,2
{3 81 ecm) by 2 1,/2 (& 35 cu) inches, 0.1 (0.25 cm) inches thick )

d Sample Holders Sample holders should be constructed of an inert
material, such as ceramic insulavtors, aluminue extruded shapes, and plexiglass
strips The sample holdirs should be designed so that the specimens cannot
shitt position, yet not be constrained (i ¢ ., be free to expand or contract
vith thermal changes. to swell f{rom moisture abscrption or to shrink because
of plasticizer loss) The geometric shape, sxpected static or dynaeic stress
use-conditions, phvsical size, weight. flexibility. and resistsnce to air flow
of the specimens must be considered in the selection of the specimen holde:s

8
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Unless specified by the design, the specimen holder chould not constitute a
backing for the portion of the material to be svaluated.

3.1.2 Instrumentation.

Ensure that and laboratory instrumants are calibrated IAW Army
Regulation (AR) 750-25%

3.1.3 Test Specimens.

a. Test specimens should be procured from the same materiil lot to
optimize homogeneity. The specimens snould be prepared and conditioned
identically IAW selected procecdures (Paragraph 3.1.c).

b. ZIZxposure test specimens may be of any size or shape that can be
wounzed 1n a holder directly applied to the racks or as specified by the
appropriate test design. The specimsns must be of sufficient size so that an
appropriate number of suitable specimens oay be cut for evaluation  Exposure
test specimens should be large enough so that mounting edges can be removed {f
test results would othervise be aifected.

c. Noraally, a1l materials of unknown end-use application will be
expoied i{n an unbacked condition. When conditions of use are known, the
specimen exposed will be displayed in a manner that conforms to the proposed
use mode. Backing wmay be necessary te simulate the proposed use mode. The
¢ffoct of backing is highly significant and may contribute to the degradation
48 & function of reflectance and heat absorption. Backing shall be used only
to simulate an end-uss systeu rather than as a standard sounting method.

d. All test specizens should be marked with appropriste identification,
which must remain logible throughont the exposure period. The rack itself and
the position on the rack should be identified. Aiter all specimens are placed
on the racks, the test officer should have a detailed sketch or photographic
record ot the cowpleted rack with all the appropriate markings and identifica-
tions

e The specimens to be removed asfter sach retrieval interval should be
determined betore erposure. These specimens should be exposed randomly on
different racks to ensure a represantative exposure.

t Packaging is an important factor to be conzidered betore exposing
-he material. The packaging method should not damage or aiter any properties
uf the speclmens while transporting the retrieved specimens back to the
l.aboratories for detailed analysis. Preferably, sach specimen should be
vrapped individually in an inert envelope, such as paper or plastic. In cases
vhere specimen surfaces are to be examined. soft padded tissue should be uzed
to wrap the specimens. Plastic bags may be s.aled as appropriate. Desiccant
packs must be used if the materisl is subject to degradstion by humidity
Shipping of specimens should be by th- fastest method availabie

9
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3.2 Enviropmental lapact Assessment

a. In compliance with the National Environmental Policy Act (NEPA), the
Department of the Army (DA) requires that a life cycle environmental document
(LCED) be prepared and that potential environmental impacts be assessed at the
cariiest practicable stage in the planning process of all tests. Proposed
testing at U.S. Army Test and Evaluation Command (TECOM) facilities shall also
be assessed for environmental impact. An appropriste Record of Environmental
Consideration (REC) is required for all tests. When a proposed action may
significantly affect the quality of the environment, ix highly environmentally
controvergial, or is expected to evoke litigation bazed on environmental
issues, a detailed envircnmental {mpact statement (EIS) shall be prepared and
evaluated IAW NEPA processes. Before the iest begins, the project officer
shall ensure that an LCED, a REC, and an EIS. or other agpropriate
documentation has been received and understood

3.3 Tesy Contxels aud Limitations.
There are basically two types of control samples’ aged and unaged.

a.  Unaged control specimens are those material specimens tested prior to
any storage or exposure The resulting test data are used &5 baseline data
{7ero time on the performance ~rersur exposure time graphs) and for contirma-
tion of the previous assucption of the degree of sample homogeneity (Paragraph
31 j) used for estimating the total sample size required for the exposure
test The size of the sample allocated to this control group should be
determined by s statistician experienced in experimental design. Based on the
test results of the unaged control samples, modification of the specimen
retrieval schedule or changes to the exposed sample size(s) may be required
tor achievement of the test objectives.

b Aged control specimens are those material specimens stored at
controlled standard conditions of 2341°C with 5042 percent relative humidity
and covered with inert wrapping to exclude light exposure, unless otherwise
specifiec by test requirements. These samples are removed periodically from
controlled storage and are tested in the laboratvory along with exposed
sanples  Test data are used to identify th» occurrence of nontropic
deterioration effects and systematic errvrs in laboratory test procedures
Sufficient wmaterial specimens should ke allocated to this control group to
obtain statistically significant te,u results. A statistician should be
consulted for estimation of the required sample size  Aged control samples
are also used for coaparison prrposes during field inspection of the exposed
samples

3.4 Data Required

a Description of exposure site(s) and mode(s) to include

(1) Soil (type).

10
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{2) Vegetation {(type, stem size, stem spacing, and canopy height);
(3) Ground cever in jmmediste vicinity of exposure racks (type):. and
(%) Slope of site (deprees)

b. Physical location of meteorovlogical facility relative to test
site(s).

c¢. Description of exposure rack and sample holder construction.
d. Orientation oif aexposure rack(s).

e. Method of mounting specimens

t Record of material specimen layout on exposure racks.

g Description of material specimens inciuding photographs

h. Description of specimen conditioning and cleaning procedures.

i ldentification of laboratory test(s) to evaluate waterial
deterioration.

3 ldentification of scoring standards for visual inspections
k Results of laboratory tests of control specimens (baseline data)
1 Exposure test periud.

m Total sample size and allocation of specimens to contrel and exposure
site(s)

n Field inspection and specimen retrieval schedules
4. IEST PROCEDURES.
4 1 Procedures

a Install specimens on exposure racks 1AW the planned layout (Paragraph
1113 d)

NOTE. Some kinds of sample materials are sensitive to corntamination by skin
contact For such materfals, it is important to handle only with
suitable gloves, such as lint-free cotton, plastic, or rubber. This is
more of a requirement on initial omrlscement than on retrieval

b Inspect the exposed specimens IAW che fivld inspection schednle
(Paragraph 3 1 i) Record data on Inspection Data Sheet(s),  ar shown in

11




TOP 1-2-616
11 Noveuber 1994

Appendix A. During field inapection, exercise caution in inspecting the
specimens. They should not be disturbed unless specified by the test design.

c. Retrieve spescimens IAW the retrieval schedule (Paragraph 3.1.1).
Specimens should be packaged 1AV established packing instruction (Paragraph
3.1.3.f). Transport specimens to the laboratory facility expeditiously.

d. Perform laboratory test on the retrieved specimens to determine
changes in their physical properties. Perform laboratory tests concurrently
on specimens from the aged control group. Record lata on inspection data
sheets .

e. Compile and analyze test vesults.

f. When appropriate, adjust the field inspection schedule and specimen
recrieval schedule as date are compiled and analyzed to obtain wmeaningful test
results or to reduce test costs. Some exposure sites may be more or lecs
severe to the specific material under test than wa: originally est_mated.

4.2 Test Controls and Limitations.

a Eunsure that all zensors, recorders, and instrumentation are in a
current state of caiibration.

t. Ensure that clean plastic gloves are worn at all tiwes when mounting
and removing specisens if so specified

c. Perform periodic inspections of the exposure site(s) te ensure
waterials are properly exposed IAW text design.

d. Procure test sample material from the same lot to optimize sample
homogeneity.

e Provide for unasped and aged control samples (Paragraph 3.3).

f. Utilize randomization techniques for the following actions (consult a
statistician for proper randomization procedures):

(1) Sample selection from material lot.

(2) Specimen allocation (control and expused samples).
(3) Speclmen esmplacement on exposure rack(s).
(4) Specimen retiieval from exposure rack(s).

(5) Laboratory testing of specimens (control and exposed sanples).
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4.3 Dats Required.
a. Daily Neteorological Data:
(1) Ambient temperature {(minimum, maxisus, average) in *C.
(2) Relative humidity (winimum, saxisum, average) in percent.
(3) Wind speed (minimum, maximum, average), as reguired in m/sec.
(4) Vind direction (hourly or as required) in degrees.

(5) Solar radiation (total, horizontal/vertical, wavelength/
intensity) in J/md.

(6) Rainfall (total and intensity), as requirvd in wa.
(7) Sultfall (total), as required in (mg[Cl ]/(ud day)).
(8) Other air contaminants, as required.

NOTE: Historical climatological data may be sufficient to charccterize
meteorological conditions fo.' long terw exposure programs.

b. Field inspection data for sach specimen IAW Inspection Data Sheet
{Appendix A).

c. Laboratory test data for sach specimen (msasurements of physical
properties of materials).

d. Duration, location, and dates of exposure for each specimen.

e. Presence, extent, and identification of blological growth on the
exposed specimens.

t. Haterial surface deterioration observed visually and under the
uicroscope .

5. DATA REDUCTION AND PRESENTATION.

a. Present the data ocutlined in paragraphs 3.4 and 4.3 in narrative,
tabular or chart format, as sappropriate.

b. Compute the sampi¢ means and standard deviations of the measured
physical properties of the materials and tabulate by exposure site, mods and
exposure times.

c. Perform appropriate statistical tests to determine significance of
changes in the physical propertissz of exposed material.

13
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d Develop graphs and display photographs for significantly different
gtoups of data to show changes of material propertiss versus exposure times

e Analyze the data as required to determine vhether observed changes in
matorial properties are statistically related to specific environmental
conditions

14
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APPERDIX A  SANPLE TEST OPERATIONS CHMECKLISY

AND SANFLE TEST INSPACYION DATA SHEET

Sample Tust Operations Checklfst

Item

Yes No NA

10.
11.
12.
13.
14.

15.
lé.

Scope and objectives of exposure test established?
Exposure siteis) and wode(s) selected?

Mecthods and procedures selected for weasurssent of
phyvsical propertiss cof matevials?

Scoring standards selected for visual inspectiona”

Fleld and laboratorv instrusenis vith requived
accuracy procured?

Length of exposure test and samply size determined?
Field inspection schedule established?
Sample retrieval schedule establish?

Beseline data (control samples. paragraph 31 3))
collected and analyzed?

Exposure rack(s) and sample holder(as) constructed?
Meteorolugical site established?

Required preparatory data (paragraph 1} 4) recordad?
Haterial samples enplaced at exposure site(s)?

Test milestones completed? (List test milestones by
date, check off as complicated.)

All modifications to initial test design documented?

Required test data (paragraph 4.3) recorded?

A-l
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Samples Test lnspection Date Sheet

MOJECT NO

SITE.

DATE

WEATHER CONDITION.

INSPECTOR

SPECIMEN NO.

RACK WO

DESCRIPTION OF SPECINEN:

1. Gensral Appesrance:

a. Surface nature (describe)

b. Surface damage (if yss. type of damage) Yeas No
Broken? Yeos No
Cracks? Yos No_
Scoring? Yes No
Crazing? Yes No
I of Damage.

c. Color: Compare sxposed spscimen vith aged control samples and
describe differences: 1f new
color, identify using Munsell Color Guide:

Fading - Yes No

d. Is sample Transparent? Yes No

Translucent? Yes No
Opaque? Yes No
e. Appearance: Glossy Dull
2. Debris (any foreign watter on sample): Yes No

a. Percent top surface coverage:

b. Percent bottom surface coverage:

c. Color of:

d. Shape of _

e. Iimbedded in material: Yes No

If no, is it loose? Yeos No

If yes, give depth:

I Coverage
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f. 1dentify nature of dabris (use of microscaope is recoumended):

Salts Yes No
Corrosion products Yeus No
Soil Yeos No
Plan: sxudaces Yes No____
Seeds Yes No
Pollen Yeos No
Sporss Yes No
Algae Yeus No
Insact eggs Yes No
Othur (Identify) Yes No

o 8- Collect debris for laboratory analyses.

. Surface Temperature (if required) (time taken):

4 Corrosion:
Color(s) (describe).
) Texcture (describe):
P Percent top surface coverage(s):
' Percent bottow surface coverage(s):

iﬁ; Location(s) (describe--use photographs or line drawing for claricy):

#

5. Condition’
a ls the specimen on the rack? Yes No__
If ro. v it on the ground? Yes No

o (identify)
awmf If no, 1x it missing? Yeou No

) If missing. explain:
;$ b 1s the specimen daumaged? Yas No

1f ves, by uhac¢ and to what extent (describe):

e % Other Commants (for exampie., changes in dimensions becauie of stretching,
‘J swelling or shrinking):
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AFPENDLIX B. IHPORYANCE OF ENVIRONMENTAL PARAMETERS

1. Temperature: The rate of chsmical resctions incresses with temperature.
Rany sicroorgenisss exhibit maxisum growth w.sn temperatures are between

26 and 36°C. Aly and surface temperaturs mecsurements should be made if the
study is designed to develop cause-sffect relations.

2. Humidity: Condensation becomes a probles when the velative humidity
approaches 100 percent. VUater as vapor, can diffuse into almost any container
through pinhole or cracks larger than 0 00! microms (u) and condense thers.
Vater helps deteriorate materials by serving as a:

grovth medium for bacteria, fungi and other microcrganisms,
tranaport medium for chemicals,

wedium for chemical reaction:

hydration agent tor dry materials, causing thems to swell.

3  Rajnfall Tropical rainfall is usually a heavy downpour of a relatively
short duration Two important effects on materlals are &s follows: thermal
shock due to rapid cooling caused by water on hot aurfaces, and wetting of
surfaces. thus initiating corrosion processes Rainwatsr normally contains
disscolved salts and is saturated with oxygon This water provides an
electrolvtic path for corrosion propagation

« Vegetation Some types of vegetation exude tannins. sugars. and other
natural plant products that say support wmicrobial growth and corrosion
processes

S Solar Radiatfion (to include ultraviolet radiation). Radiation can damage
sxposed samples causing cross linking and changes in polymeric structure anwi
color Solar radiation may damage heat sensitive items and cause sublimation
of polymers and solvents.

6 Soil Type: Soil chemistry and surface vater influence, woisture absorp-
tion, insect infestation, rot, and corrosion processes of matsrials used or
em el e mwaiswecd 3 oacem )
SlTuvIwu 1 -a 'IU“III‘ LS vYwa

7. Wind Direction and Speed: Wind direction and intensity will influence the
amount of particulates that impinge on the test material. At coastal sites.
moisture and sclt are also transported by winds.

8. Salt Air: Airborne salt will greatly iancresse the corrvoiion of mestals,
especially galvanic corrosion. Sites with heavy sul-fall exhibit rapid
corrosion rates.
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9. Hicrobial Activity: MHNicrobial activity is fmportant wvhanever micro-

organisms usy the exposed sample as s nutrition source or when the metabolic

products ars detrimsatal to the material.

10. Irsect Fsuna: Exposure items. in many instances, serve as food and as a

habitat for a varisty of inmsects.

dassge® the exposure items through the actlon of organic acids or by acting as

a substrate for aicrobial attack.

Metabolic wasts from these insects may
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APPERDIX C. DESCRIPTION OF USATTS EXPOSURE S1TES

o 1. U.S$ Army Tropic Test Site (TT5) has exposure sites on the Atlantic and
Pacific sides of the Panama Isthwus. A description is given of the severity
of several exposure sites for selected materials in the USATIC report,
Detersination of Optimuwm Tropic Storage and Exposure Sites.! The climate of
the TTS sites is classified as either constant high husidity or variable high
humidity by AR 70-38.2 Additional exposure testing dats way Le found in

= USATTC report, Hateriel Testing in the Tropics.®’

=
2. On the Atlantic sids, there are four atwospheric exposure sites All are
f; located on Fort Shsrman
Fort Sherman Breakwater Exposure 1560361«
] Fort Sherman Coastal Exposure 15203596
7 Fort Sherman Opsn Exposure 14803484
Fort Shersan Forest Exposure 146031113
# 4. The Breakvarer Exposure site is located on the west breakwater at the
i northern entrance of the Panama Canal on Toro Point. The area is barren, with
- sparse vegetation. Wind blows continuously from the north. There is consid-

erable salt spray becasuse of the combined effect of continuous wave action
and wind. The site is open with rno shude and is 84 by 4.5 meters. It has
stands and panel racks of Monel and additional space to accommodate more racks
and specimens It is the wost aggressive natural atmospheric corrosion site
in the world.*

g

b. The Coastal Exposure Site is located about 500 meters west of the
Breakvatey Site, 50 meters trom the water line, snd protected by a coral reef,
which greatly reduces wvave action and makes atwonpheric szltfall more typical

lSprouse, J F.. M.D Neptune, and J C. Bryan, Determination of Qptiasun

Iropic Storage end Expoaure Sitos. Rapoxt 11. Empirical Data Canal Zone.
U.5. Army Tropic Test Center. TECON Froject No 9-C0-009-000-006, AD AOCSO17.
USATTC Report Ne 7403001, March 1974

-k dArmy Regulation (AR)-70-38, Research, Develcp==n:. Yezt, and Evslustion of
o Materiel for Extrese Climatic Condition, 1 August 1979

An the Ixopics. VU S. Army Tropic Test Center, TECOM Project
No. 9- CD 150-000-009, USATTC Report No. 790401, April 1979

" ‘Downs. George F. 111 and Earl A. Baker, Comparatjive Coxxepajion Evaluation.
' Fort Sherman. Panams. and Kure Beach. North Carolins. UV S Army Tropic Test
Center. TECOM Project No. 7-CO-RB7-TTC-003, USATIC Report No 891001,
Ctuber 1985

-
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of cther marine exposure sites. The fenced area is 12 by 20 meters, largely
coral soil. covered by grass. There is no shade. Aluminue racks and exposure
cabinets are available at this site. Alchough substantially less aggressive
than the Breakvater Site. continuing high humidity, vara teaperatures and
fraquent wetting and drying combine to make this site more aggressive than
wost other marine atmospheric corrosion sites ?

¢. The Open Exposure site, 60 by 30 meters, i{s about 1 6 kilometers
inland The atmospheric saltfell is wuch less than ar the Coastal or
Breakvater sitcs.' The site {loor is covered moutly by grass and there is no
vegetation to shade the exposure racks. During the rainy season, the water
table Is at or near ground leve.. resulting in very high humidity near the
surface Cowmercial electric prser is avajlabie.

d The Forest Exposure site is located in a tropical moist forest. The
forest canopy covers the site coapletely and the trees are considered mature
The relative humidity at this site remains fairly constant near 95 percent
during the vet season (mid-March to mid-December) Little sunlight reaches
the forest floor and the stwospheric saltfall is lov This site should be
used for exposure of noncritical waterials because it is unguarded. and
untenced  Alternating current (AC) power is not available

3 Ow the Pacific side of the Istlwus. TTS has tvo sites in Fort Clayton and
one zite in Rodman Naval Station

alizs Gxid Couxdipates
Fort Clavton Gensral Purpose Tert Ares 55609850
Fort Clayton Multipurpose Test Area 98129523
Rodman Naval Station Munitions
Surveillance Site $2479160

a The General Purpose Test Area has a variety of different micro-
environsents because of {ts relatively large area They differ from each
other. such as under canopy. in the open. on & creek. on & slope. grasslands.
etc This test area is not secured and is currently only in use for tests of
tersite insecticides on treated stakes  Because of frequent intrusions by
local nationals and troops in training, there is no guarantee or expectation
of security of any items left in the ares unless they are undsr constant
surveillance Also because of its relatively large amount of grassland.
precautions against fire wust be taken during the late dry season (mid-January
to mid-April)

SIbid

‘Ibid

"Holdridge. L R . et al .,
Bilot Study London Pergamon Press. 1971
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b The Multipurpose Test Ares was forserly used primarily to test
collapsible fabric fuel tanks. The site consists of a secured fanced area of
17 hectares. Tewporary office, storage. and maintsnance building space is
provided within the secure arsa. The site is characterized by high solar
radiation and lov gaitfall Vegetation ranges from tropical wmoist forest to
grass covered Berms are available for fuel tank testing and racks and cages
can be erectrd fnr other exposure testing Improved roads reach all areas and
structures.

c. The Munjtions Surveillance site is a secured ares and iz used to
expose ammunition, explosives end “sensitive” ftems. TTS has four cages of
vhich three have paved floors The two larger cages have metal roofing.
Bunkers and other wagazines can also be made available by the Amsunition
Supply Point (ASP) Most of the surrounding area is covered by vegetation,
including mature tropical woist forsst and grassland




APPENDIX D. APBREVIATICHS

AC .- alternering current

AR - Aray HRegulation

ASP - Amsunition Supply Point

ASTH - American Soclety for Testing and Haterials
DA - Department of the Army

EIS - environmental impact statement

IAW - in accordance vith

LCED - life cycls environmental docusent

NEPA - National Environmental Policy Act

REC - Record of Environmsental Consideration
TECOM - U.S. Army Test and Evaluation Command
TOP - Test Operations Procedure

TIS - U S. Army Tropic Test Site
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APPENDIX E. REFERENCES

1. American Socliety for Testing and Materials, Philadelphia. Pennsylvania,
Standard D660, Standard Method for Evaluating Degree of Checking of Exterior
Paints, 1993

2. American Society for Testing and Materisls. Philadslphis, Pennsylvania,
Standard D661, Standard Method for Evaluating Degree of Cracking of Exterior
Paints, 1993.

3. American Society for Testing and Materials, Philadelphia, Pennsylvania,
Standard D662, Standard Test Method for Evaluating Degree of Erosion of
Exterior Paints, 1993

4. American Society for Testing and Materials, Philadelphia, Pennsylvania,
Standard D714, Standard Test Method for Evaluating Degree of Blistering of
Paints, 1987

5. Ammrican Society for Testing and Material:. Philadelp.ia, Pennsylvania,
Ctandsrd Di31S. Standard Test Method for Specifying Color by the Munsell
System. 1989

6. American Society for Testing and Materials, Philadelphia, Pennsylvania,
Standard Dlé54, Standard Method for Evaluation of Painted or Coated Speciwmens
Subjected to Corrosive Environments, 1992.

7. American Society for Testing and Materials, Philadelphia, Pennsylvania,
Standard Du2l4, Standard Test Method for Evaluating the Degree of Chalking of
Exterior Paint Filma, 1989.

8 American Socjety tor Testing and Materials, Philadelphia. Pennsylvania,
Standard G333, Standard Practice for Recording Data from Atwospheric Corrosion
Tests of Metallic-Coated Steel Specimens. 1988

9. Army Regulation (AR) 750-25, Army Ketrology and Calibration System, 25
June 1971,
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Recommended changes of this publicatior should be forwarded to
Commander, U.S5. Army Test and Evaluation Comsmand, ATIN: AMSTE-

- CT-T, Aberdeen Proving Ground, MD 21005-5055. Technical
information may be obtained by the preparing aciivity: Station
- Manager, U.S. Army Tropic Test Site, Unit 7140, APO AA 346004-5000.
: Additional copies are available from the Defense Technical

s Information Center, Cameron Station., Alexandria, VA 22304-6145.
o This document is identified by the accession number (AD No.)
printed on the first page.




