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Introduction

Background

The U.S. Army Corps of Engineers uses epoxy coating systems because their excellent
barrier properties provide good long-term protection for steel structures in immersion
service. Corrosion protection can be enhanced by priming the steel substrate with a
zinc-rich epoxy primer such as E-303d, the Corps’ current in-house specification. Atthe
same time, epoxy topcoats enhance the performance of zinc-rich primers by providing
impact- and abrasion-resistance, and they act as a barrier to corrosive water, oxygen,
and salt. To achieve proper coating performance with zinc-rich epoxy primers, good
surface preparation is required. Civil Works Guide Specification CWGS-09940 calls for
the use of SSPC-SP-5", White Metal Blast Cleaning, for coating systems using primer
E-303d. The chemical composition of primer E-303d is described in CWGS-09940,
Painting: Hydraulic Structures and Appurtenant Works (1995).

The Corps of Engineers currently uses E-303d as a primer for two types of topcoats:

- MIL-P-24441, Paint, Epoxy-Polyamide
- Steel Structures Painting Council (SSPC) Paint Specification No. 16, Coal Tar
Epoxy-Polyamide Black (or Dark Red) Paint (1991).

These coating systems, designated by the Corps as systems 21-A-Z and 6-A-Z, respec-
tively, are used for a variety of applications, including fresh water and salt water im-
mersion, and atmospheric weathering. MIL-P-24441 has an excellent record of corro-
sion protection in use by the Corps of Engineers and the U.S. Navy. Its performance
is often used as a performance benchmark for other coating systems.

One problem with E-303d is that it has a relatively high volatile organic compound
(VOC) content—typically 500-600 grams per liter as applied. The U.S. Environmental
Protection Agency (EPA) has proposed a national rule that places tighter restrictions
on the VOC content of architectural and industrial maintenance coatings (PL 101-549,
104 stat 2399). The VOC content requirement for industrial maintenance coatings will
likely be restricted to 450 grams per liter, so the Corps will no longer be able to apply

: SSPC: Steel Structures Painting Council.
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E-303d when the national rule is implemented on 1 April 1997. Therefore, a suitable
replacement is needed very soon.

Federal acquisition reform will have an impact on what the Corps selects as alternative
epoxy coating systems. The revised Federal Acquisition Regulation, or FAR (60 FR
48231-48257) redefines the procurement process for Department of Defense agencies.
Part 12 of the revised FAR states a clear preference for the procurement of commercial
products and systems. Criteria documents (specifications) for procuring commercial
products should not merely be directive, but should be based on performance data. In
response to the revised FAR and other defense acquisition reforms, the Corps of Engi-
neers has taken the initiative to eliminate the use of military specifications from all
future procurements. This initiative may result in the elimination of topcoat MIL-P-
24441 (used in Corps system 21-A-Z). As of this writing, MIL-P-24441 is exempt from
the military specification ban, but national trends in procurement reform and
environmental protection strongly indicate that the exemption cannot be expected to
continue indefinitely. Therefore, it is highly advisable for the Corps to proactively
investigate viable commercial alternatives to MIL-P-24441 in preparation for the likely
ban on this topcoat.

The U.S. Army Construction Engineering Research Laboratories (USACERL) was
tasked to determine whether there are epoxy coating systems now commercially
available that conform to the requirements of the proposed national rule on VOC
content while meeting the basic performance criteria for primer E-303d and topcoat
MIL-P-24441 (Corps system 21-A-Z).

Part of this tasking was to evaluate the suitability of three ASTM-standard short-term
laboratory tests for rapidly determining the relative (vice absolute) performance of two
or more coating systems. If suitable, such tests may serve as the basis for developing
a performance-based specification for commercial paint systems of the generic type
investigated here.

Objectives

The primary objective of this investigation was to test the relative performance and
potential utility of commercial zinc-rich epoxy primers and topcoats to determine
whether the market offers suitable replacements for Corps standard primer/topcoat
system 21-A-Z.
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The secondary objective was to establish the suitability of three ASTM-standard test
methods (salt water immersion, fresh water immersion, and cyclic corrosion) for rapidly
evaluating the relative performance of this generic type of coating system.

Approach

A list of manufacturers producing low-VOC zinc-rich epoxy primer/epoxy topcoat
systems was compiled from an standard coatings industry directory. Sufficient
resources were provided to randomly select six coating systems for the commercial
product survey.

To accomplish the primary objective of this research, the six selected coating systems
were applied to steel test plates. As an experimental control, Corps standard system
21-A-Z also was applied to steel test plates. The test coatings were evaluated using
ASTM-standard laboratory methods designed to simulate three exposure environments:

- 120-day fresh water immersion
- 120-day salt water immersion
- 112-day atmospheric weathering.

Test panels were evaluated periodically for degree of rusting, blistering, and rust
undercutting. More information about the test procedures is provided in Chapter 2.

To accomplish the secondary objective—evaluating the effectiveness of the three test
methods used in this investigation—the methods were evaluated against one criterion:
the tests’ ability to reliably identify the difference between suitable coatings and
unsuitable ones. In this research, early blistering was considered a surrogate indicator
of coating unsuitability. The laboratory samples were analyzed statistically to deter-
mine correlations (and consistency of results) between coatings and test exposures.

Scope

Neither the selection of products for testing nor the results reported here should be
interpreted as an endorsement of specific products or manufacturers. The intent of this
work was not to qualify or disqualify individual products, but to determine the potential
suitability of commercial products as a group.
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This investigation was limited to laboratory testing. Care should be taken not to
extrapolate the results of laboratory experiments to actual field performance. Field
tests must be conducted to fully validate the utility of any coating technology.

Mode of Technology Transfer
It is recommended that the findings of this research be incorporated into any new Corps

of Engineers criteria documents for commercial epoxy coating systems, as developed in
accord with the revised FAR.
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2 Testing Procedures

Test Coating Application

Six commercial epoxy zinc-rich primer/epoxy topcoat systems were mixed and applied
in accordance with the manufacturers’ recommendations. Corps of Engineers paint
system 21-A-Z was used as an experimental control. System 21-A-Z consists of two
coats of E-303d primer and two coats of MIL-P-24441, Formula 152, Type IV, epoxy-
polyamide topcoat. Coatings were spray-applied to SP 1 and SP 5 cleaned, hot-rolled
commercial grade carbon steel test panels measuring 3x 9x 0.125in.” Table 1 lists the
test and control coatings, and Appendix A lists additional information about the coating
manufacturers.

The dry film coating thicknesses of the test and control coatings were measured in
accordance with ASTM D 1186, Standard Test Methods for Nondestructive Measure-
ment of Dry Film Thickness of Nonmagnetic Coatings Applied to Ferrous Base (1987).
The average dry film thicknesses for each coating system are listed in Table 2. Dry film
thicknesses for individual test panels can be found in Appendix B, Tables B1-B7.

Selection of Test Methods

Table 1. Test and control coatings (with VOC content in grams/liter).

Manufacturer Primer Topcoat VOC Primer/Topcoat (g/l)
Amercoat 385 Multi-

Ameron Amercoat 68HS Zinc Purpose 288 /276

Carboline Carboline 858 Carboline 890 302 /214

Gavlon Industries Gavlon 9198-6129 Primer Gavlon 9888-0008LF 324 /168
Kolor-Poxy 1-11 Solid Zinc Rich | Kolor-Poxy 3500 S/P

Keeler & Long Primer No. 7600 Surfacing Enamel 260/ 72

Poly-Carb Mark 59.3 Mark 83.3 0/N/A

Sherwin-Williams Zinc Clad IV Kem Cure MW Hi-Build 308 /340

MIL-P-24441 Formula 152,
CorpsSpecicaton—TE-303——— Type IV 500-600 / 340

*1in.=2.54 cm
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Table 2. Paint dry film thicknesses.

Dry Film Thickness of System Components (expressed in thousandths of an inch)
Coating System Zinc Primer Epoxy Topcoat Epoxy Topcoat Total System
Ameron 4.8 4.1 4.9 13.8
Carboline 5.1 6.1 N/A 11.2
Gavlon 5.3 35 5.0 13.8
Keeler & Long 2.6 104 N/A 13.0
Poly-Carb 5.8 3.3 3.8 12.9
Sherwin-Williams 5.0 6.1 4.6 15.7
21-A-Z (control) 1.7 6.5 N/A 8.2

The selected laboratory test methods simulate the expected service environments for
epoxy coated-steel. Each is an ASTM-standard methodology shown to produce results
that correlate with actual outdoor exposures. Consequently, they are especially useful
in quickly ranking a set of coatings.

Salt Water Immersion

Six test panels of each control and experimental system were immersed for 120 days
in synthetic sea water prepared in accordance with Section 7, Salt Solution, of ASTM
B 117 Standard Test Method of Salt Spray (Fog) Testing (1990). All test panels were
scribed before immersion, exposing an area approximately 1/8 x 2 in. The purpose of
the scribing is to simulate coating film defects that inevitably occur due to damage
during handling, erection, and service life. Test panels were evaluated after 7, 60, and
120 days for degree of rusting and blistering in accordance with ASTM D 610, Standard
Method for Evaluating Degree of Rusting on Painted Surfaces (1989) and ASTM D 714,
Standard Test Method for Evaluating Degree of Blistering of Paints (1987). Degree of
undercutting was measured after 120 days in accordance with ASTM D 1654, Standard
Method for Evaluation of Painted or Coated Specimens Subjected to Corrosive
Environments (1992).

Fresh Water Immersion

This test employed the same test and evaluation procedures used in the salt water test.
The test panels were immersed in aerated tap water.
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Cyclic Corrosion Weathering

Six scribed test panels of each control and experimental system were subjected to
16 weeks of cyclic corrosion testing. The test cycle comprised 1 week in an ultraviolet
condensation cabinet per ASTM G 53, Standard Practice for Operating Light- and
Water-Exposure Apparatus (Fluorescent UV-Condensation Type) for Exposure of
Nonmetallic Materials (1991) using UV-A bulbs (4 hours UV at 60 °C, 4 hours
condensation at 50 °C), followed by 1 week of hourly cycling through salt spray at 30
°C (4.0 g/L ammonium sulfate, 0.5 g/L sodium chloride) and forced air drying at 40 °C
(modified ASTM G 85 Annex A5). The test panels were evaluated for degree of rusting
and blistering after 1, 2, 4, 8, 12, and 16 weeks. The degree of undercutting was
measured after 16 weeks.
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3 Results and Discussion

Salt Water Immersion

Degree of blistering adjacent to the scribe and rusting were determined for the test and
control coatings after 7, 60, and 120 days in salt water immersion. Rust undercutting
at the scribe was measured after 120 days. The results are summarized in Table 3.
The rust undercutting data have been converted to integer values from O to 10, as
described in ASTM D 1654. The blistering data are similarly converted by taking the
average of the sum of the blister size and the converted blister density. The converted
blister density is an integer value from 0 to 10 with very dense blistering equal to zero
and no blistering equal to 10. Rust, blister, and undercut values are the averages of six
test specimens for each coating system. The composite score, shown in the last column,
is the sum of numerical rust, blister, and undercut ratings at 120 days. A composite
score of 30 corresponds to no coating degradation. The raw data for the salt water
immersion tests are presented in Appendix B.

Blistering

Early blistering adjacent to the scribe is a good indicator of poor long-term performance
for salt water immersion applications. Blistering not associated with the area near the
scribe is less likely to occur, but when it does it indicates more serious performance
problems. Most of the commercial epoxy systems showed good resistance to blistering
in salt water immersion. However, one of the commercial systems showed some minor

Table 3. 120-day salt water immersion test results.

Coating System Rust Blister Undercut Total
Ameron 10 10 10 30.0
Carboline 10 10 10 30.0
Gavlon 10 8.2 1.8 20.0
Keeler & Long 10 2 0 12.0
Poly-Carb 10 10 10 30.0
Sherwin-Williams 10 10 10 30.0
21-A-Z (control) 9.7 10 9 28.7




USACERL TR 96/87

15

blistering not associated with the scribe, and another system exhibited severe blistering
over the entire coated surface.

Undercutting

The degree of rust undercutting measured at the scribed area is an important measure
of long-term coating performance. Four of the commercial epoxy systems had no
undercutting, but the two systems that had blistered did show severe undercutting.
The control system (21-A-Z) exhibited minor undercutting at the scribe.

Surface Rusting

Visible rusting is typically associated with broken blisters, pinholes, and holidays. Only
the control system had any visible surface rust. Two of the six test panels had minor
pinpoint rusting associated with pinholes in the coating.

Composite Scores

The control system (21-A-Z) showed minor degradation after 120-days and had a
composite score of 28.7. In a previous investigation of commercial zinc-rich epoxy
primers (Race 1996), system 21-A-Z showed no degradation and had a composite score
of 30 for 120-days salt water immersion. Of the six epoxy test systems, four had perfect
composite scores and two had relatively poor scores. Five of the primers evaluated in
this study were also evaluated in Race 1996. Table 4 compares the performance of
these materials topcoated with MIL-P-24441 in the previous study against their
performance when topcoated with the manufacturer’'s own commercial topcoat in this

Coating System Rust Blister Undercut Total

MIL-P-24441 10 10 10 30
Ameron ;

Commercial 10 10 10 30

MIL-P-24441 10 10 10 30
Carboline )

Commercial 10 10 10 30

MIL-P-24441 10 10 10 30
Gavlon )

Commercial 10 8.2 1.8 20

MIL-P-24441 10 10 10 30
Keeler&Long i

Commercial 10 2 0 12

MIL-P-24441 10 10 10 30
Poly-Carb i

Commercial 10 10 10 30

Table 4. Comparison of zinc-rich epoxy performance with commercial vs military specification topcoats in
salt water immersion.
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work. Three of the primers had perfect scores both with MIL-P-24441 and their
manufacturer’'s commercial topcoat. Two of the primers showed markedly inferior
results with their respective commercial topcoats.

Paint system 21 (MIL-P-24441, Formulas 150 and 152)—an epoxy topcoat system
without zinc—was evaluated in another previous study by Race and Boy (1995). In
that study, system 21 showed both blistering (4.0) and undercutting (8.5) at the scribe,
and a composite score of only 22.5 after 112-days in salt water immersion (Race and
Boy 1995). All of the commercial primers as well as Corps standard E-303d improved
the performance of system 21 in salt water immersion. However, two of the commercial
epoxy systems in the current study exhibited a lower degree of protection—in spite of
their zinc-rich primer—than did system 21 without a zinc-rich primer in the 1995 Boy
and Race study.

Fresh Water Immersion

Rusting, Blistering, and Undercutting

Degree of rusting and blistering were determined for the test and control coatings after
7, 60, and 120 days in fresh water immersion. Rust undercutting at the scribe was
measured after 120 days. The results are shown in Table 5, and the raw data are
presented in Appendix B. The composite score for each test panel is presented in the
last column of the table.

Composite Scores
With the exception of the two coatings that performed poorly in salt water immersion,

the commercial epoxy systems performed well in fresh water immersion. Table 6 com-
pares the performance of five primers that were evaluated with both the commercial

Table 5. 120-day fresh water immersion test results.

Coating System Rust Blister Undercut Total
Ameron 10 10 10 30.0
Carboline 10 10 10 30.0
Gavlon 10 10 4.2 24.2
Keeler & Long 10 2.0 0 12.0
Poly-Carb 10 10 10 30.0
Sherwin-Williams 10 10 10 30.0
21-A-Z (control) 10 10 10 30.0
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Table 6. Comparison of zinc-rich epoxy performance with commercial vs military specification topcoats in
fresh water immersion.

Coating System Rust Blister Undercut Total
MIL-P-24441 10 10 10 30
Ameron
Commercial 10 10 10 30
MIL-P-24441 10 10 10 30
Carboline
Commercial 10 10 10 30
MIL-P-24441 10 10 10 30
Gavlon
Commercial 10 10 4.2 24.2
MIL-P-24441 10 10 10 30
Keeler&Long
Commercial 10 2 0 12
MIL-P-24441 10 10 10 30
Poly-Carb
Commercial 10 10 10 30

and military specification topcoats. Again, as in the salt water test, three of the fresh
water exposed primers showed the same high level of performance with both topcoats.
Furthermore, the same two primers that performed poorly in other tests also showed
markedly inferior results with their own commercial topcoats. As in other tests, the two
poorly performing primer/topcoat systems did not equal the performance of MIL-P-
24441 without a primer; after 112-days system 21 had a perfect composite score of 30
(Race and Boy 1995).

Cyclic Corrosion Weathering
Rusting, Blistering, and Undercutting

Test panels were evaluated for rusting and blistering after 1, 2, 4, 8, 12, and 16 weeks.
Rust undercutting at the scribe was measured at the completion of the 16 week test.
The results are summarized in Table 7. Appendix B contains the raw data for the cyclic
corrosion testing.

Five of the six test systems had perfect blister and rust ratings at the completion of the
cyclic corrosion test. The control exhibited extensive blistering along the scribe, but no
surface rusting. All but one of the coating systems exhibited some degree of undercut-
ting at the scribe. The control system and one of the test systems were undercut
severely.



18

USACERL TR 96/87

Table 7. 112-day cyclic corrosion test results.

Coating System Rust Blister Undercut Total
Ameron 10 10 9.8 29.8
Carboline 10 10 8.7 28.7
Gavlon 10 10 6.7 26.7
Keeler & Long 10 4.3 2.0 16.3
Poly-Carb 10 10 9 29.0
Sherwin-Williams 10 10 10 30.0
21-A-Z (control) 10 2.3 2.7 15.0

Composite Scores

In Race and Boy (1995), system 21 without a zinc-rich primer showed blistering (3.7)
and undercutting (4.3), and achieved a composite score of 18.1. In the current study,
all but one of the commercial epoxy systems performed better in cyclic corrosion testing
than did system 21 in Race and Boy (1995). Cyclic corrosion testing of the zinc-rich
primers topcoated with MIL-P-24441 was also conducted previously. Table 8 compares
the results of the previous tests with those from the current study.

Analysis of Variance

Standard deviations were computed for each performance attribute (i.e., rusting,
blistering, undercutting, and total), paint system, and test exposure. Table 9 lists these

Table 8. Comparison of zinc-rich epoxy performance with commercial vs military specification topcoats in

cyclic corrosion.

Coating System Rust Blister Undercut Total
MIL-P-24441 10 10 10 30
Ameron
Commercial 10 10 9.8 29.8
MIL-P-24441 10 10 10 30
Carboline
Commercial 10 10 8.7 28.7
MIL-P-24441 10 10 9 29.0
Gavlon
Commercial 10 10 6.7 26.7
MIL-P-24441 10 10 10 30
Keeler&Long
Commercial 10 4.3 2 16.3
MIL-P-24441 10 10 10 30
Poly-Carb
Commercial 10 10 9 29.0




USACERL TR 96/87

19

Table 9. Standard deviations for salt water (SW) , fresh water (FW), and cyclic corrosion (CC) tests.

Rust Blister Undercut Total

Coating System SW/FW/CC SW/FW/CC SW/FW/CC SW/FW/CC
Ameron o/0/0 o/0/0 0/0/0.41 0/0/0.41
Carboline o/0/0 o/0/0 0/0/1.03 0/0/1.03
Gavlon o/0/0 2.86/0/0 0.75/.41/ .82 29/.41/ .82
Keeler & Long 0/01/0 0/0/1.75 0.75/0/1.67 0/0/3.27
Poly-Carb o/0/0 o/0/0 0/0/1.55 0/0/1.55
Sherwin-Williams o/0/0 o/0/0 o/0/0 o/0/0
21-A-Z (control) 0.52/0/0 0/0/1.03 0/0/1.03 0.52/0/1.26

values.

There is very little variance in the rusting data, primarily because rusting was detected
on only one coating system in one test exposure. There is also little variance in the
blistering data, again because very few paint systems exhibited any blistering. In
general, the more severe the blistering (lower score) the lower the variance. The
relatively high blistering variances noted for two samples were coincidental with the
onset of blistering, which can vary significantly from panel to panel in its early stages.
These differences tend to level out over time. Undercutting was by far the most vari-
able performance attribute measured, especially in the cyclic corrosion test. There also
does not appear to be any correlation between degree of undercutting and the magni-
tude of the standard deviation. In other words, the observed variability in degree of
undercutting does not appear to be time-dependent (as appears to be the case for
blistering). Significant variability also was noted for the composite (total) scores,
especially for the cyclic corrosion test.

Significance Testing and Rank Order Performance

Salt Water Test

The t-test was used to determine the significance of the test results. For salt water
immersion there was no observed degradation or variance for the best four coating
systems. The observed differences between these products and each of the other
materials are significant at the 99.9 percent confidence level. The rank order per-
formance, then, is Ameron = Carboline = Poly-Carb = Sherwin-Williams > 21-A-Z >
Gavlon > Keeler&Long. This rank order correlates perfectly with that derived from the
composite scores. The 120-day test is not long enough to be able to identify differences
between the better products, although poor products are readily identified within this
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period. A longer exposure period is needed to qualify the performance of coatings for
use in salt water immersion, but 120 days is considered adequate to determine fitness
for purpose.

Fresh Water Test

For fresh water immersion, as for salt water immersion, there was no observed degra-
dation or performance variance among the four best coating systems. The observed
differences between these products and each of the other materials are significant at
the 99.9 percent confidence level. The rank order performance is Ameron = Carboline
= Poly-Carb = Sherwin-Williams = 21-A-Z > Gavlon > Keeler&Long. This rank order
correlates perfectly with that derived from the composite scores. The 120-day test was
not long enough to be able to identify differences between the better products. Poor
products are readily identified in 120 days. A longer exposure period is needed to
gualify coatings for use in fresh water immersion, but 120 days is considered adequate
to determine fitness for purpose.

Cyclic Corrosion Test

For the cyclic corrosion test there were no significant differences in the performance of
the four highest scoring materials at the 95 percent confidence level. At the 95 percent
confidence level the materials are ranked Ameron = Carboline = Poly-Carb = Sherwin-
Williams > Gavlon > Keeler&Long > 21-A-Z. At the 70 percent confidence level the
rank order comes closer to approximating that given by the composite scores: Sherwin-
Williams > Ameron > Poly-Carb = Carboline > Keeler&Long > 21-A-Z. The 112-day test
period is adequate to determine the differences between poor and good performing
products. The differences between the highest-performing paints are not statistically
significant. The data suggest that a minimum composite score of 27 to 28 would be an
appropriate acceptance criterion for qualifying coating systems of the type evaluated
in this study by these test methods.

Modes of Degradation and Failure

Early blistering at the scribe in all three exposures correlates well with poor overall
performance. Blistered panels also have the lowest (worst) undercutting scores.
Undercutting without blistering was observed for one system in salt water, one system
in fresh water, and four systems in cyclic corrosion.
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4 Conclusions and Recommendations

Conclusions on Coatings Systems

For the fresh and salt water immersion exposures, most commercial systems tested in
this study performed well. The top-performing commercial products are equal to or
better than the standard Corps coating system 21-A-Z. The better commercial systems
perform as well with the commercial topcoats as they do with MIL-P-24441. The better
commercial and standard Corps systems should provide similar long-term performance
in fresh and salt water immersion applications.

The top commercial systems performed significantly better than system 21-A-Z in the
cyclic corrosion test. However, system 21-A-Z performed much worse than in a previous
study, achieving a composite score of just 15.0 in the current test as compared to 30.0
in the earlier one. These differences are probably due to the relatively low primer and
total system thicknesses applied in this study (1.7 and 8.2 mils, respectively) compared
to those in the previous study (3.1 and 11.1 mils, respectively). Batch variations also
may have been a factor in the reduced cyclic corrosion resistance of the control samples.
MIL-P-24441 is produced by a number of different manufacturers, and significant
variations in material quality and composition have been noted by USACERL when
conducting quality-control tests for Corps field activities. Nevertheless, it is concluded
that the better commercial systems tested in this study are suitable alternatives to
Corps system 21-A-Z for atmospheric exposures in corrosive environments.

The four top-performing commercial coating systems exhibited superior performance
in all three test exposures. The other two commercial systems performed poorly in all
test exposures. The uniformly good results for the four top performers in both
immersion and atmospheric exposures is encouraging because most Corps applications
for these materials involve structural components that are simultaneously immersed
in water and exposed to the atmosphere.

Conclusions on Test Methods

It is concluded that the test methods and evaluation procedures used in this study are
capable of distinguishing between the adequate and inadequate coating systems at or
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above the 95 percent confidence level. Because fitness for purpose correlates well with
the presence or absence of early blistering on test panels, the experimental results
support the overall finding that each test method was adequate for determining
minimum performance requirements. Poor performers are readily identified or
screened out by the test methods. However, it must be noted again that the 120-day
immersion tests are not long enough to determine the actual long-term durability of the
coating systems in these exposures, nor are they long enough to distinguish between
the better-performing products. Laboratory exposures of a year or longer would be
useful in identifying differences among the higher-performing products, but, longer
exposures are impractical from the standpoint of qualifying coatings based on their
performance.

Recommendations

It is recommended that field tests of the most promising commercial systems
(Amercoat, Carboline, Sherwin-Williams, Poly-Carb) be conducted to determine the
long-term performance of these products under real-world conditions. Field test appli-
cations should include structures exposed to the same exposure conditions simulated
in this laboratory test.

It is recommended that, upon field verification of these laboratory tests, the test and
evaluation procedures reported here should be used to develop a performance-based
criteria document for a commercial zinc-rich epoxy primer/epoxy topcoat system. Such
a document should be issued as a commercial item description by the General Services
Administration.
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Appendix A: Manufacturers of Coatings
Tested in This Study

Ameron—Protective Coatings Group
201 N. Berry St.
Brea, CA 92622

Carboline Co.
350 Hanley Industrial Court
St. Louis, MO 63144

Sherwin-Williams Co.
101 Prospect Ave. NW
Cleveland, OH 44115-1075

Gavlon Industries, Inc.
10531 W. Little Yonk Rd.
Houston, TX 77041

Keeler & Long, Inc.
856 Echo Lake Rd.
Watertown, CT 06795

Poly-Carb, Inc.
33095 Bainbridge Rd.
Cleveland, OH 44139



USACERL TR 96/87

25

Appendix B: Raw Data for In-Laboratory
Coating Tests



26

USACERL TR 96/87




27

USACERL TR 96/87

A0 | HSJAd | 11VS ‘AN
= i

HSI44 | 11vS

08 LL L'6 (€% 1 SIVOD) V101 901 J1dAVS
08 09 S'é6 (€% 1 SIVOD) V101 G-01 I1dNVS
1'8 8'9 8'8 (¢ % 1 SIVOD) WLOL 0l F1dNVS
4} 6L 8'8 (€% 1 SIVOD) V101 €01 I1dNVS
06 L9 08 (%8 1 StVOD) V101 201 INdNVS
0/ vé 68 (¢ ® L SIVOD) WVIO) 1 0L FIdNVS
‘AN HS3dd | 11vS S1VIOL I1dNVS
L9 19 08 6l 9l A 9-0t "ON F1dAVS
g9 Ly S/ Sl £l 0¢ S-0L "ON J1dAVS
£9 g'g 0L gl £l gl Y0t "ON J1dNVS
I/ 99 0L |4 | gl £-01 "ON J1dNVS
0L 8y 6'S 0¢ €l L'e 01 "ON J1dVS
S'S 8/ 0L Sl 9L o'l L-0L ‘ON J1dINVS

Hs3ud 11vs ‘AN STIW "SSINXIDIHL Wi A¥Q

SN SSIIAIGL

DEN Alisueg ININGINDSI

SUON %G1 Xxoiddy ¥IN} SNINNIHL

51qi0o7 ION[ S6/¢ #nQ Uz/189L1 ‘©InD/za9.1 ©so8] SUFIFNNN HOLVE DNILVOD

Yo duiz Axod3 peoe3 01dS-Odss) - NOILANOD ILVISENS

oGl Jozl} RINLVAUIINIL

%CS %95} Hal

S6/71/S S6/€1/S 3Lvq

: NOILYDI1ddVY

PayYoDHO 88 %G| x01day XIN LWINWIXOW “ONINNIHL

PayoDHO 883 ] SOILV ONIXIN

payopyo 883 POYODYD 683 AQ ‘SSINADIHL WTIH QIANTNWODT

payoDO 893 PSYODYD 688 1VOIR! OL WNWININ FWIL ONIAIQ

payopyo 893 PSYODYD 083 JNL NOILONANI

pPayoDHL 598 payopypo 988 (paypiseo20DUN) 34171 10d

payODHO 295 PSYODYD 683 (PBULIYUN) DOA

payYODHO 895 . PayYoDYD 883 SANOS % INNTOA

[oUBIDY BoUBISIRY [DUBIDW SoUSIe)RY AFINLOVINNVIN
JUInd UoRi-oulz Axod3 peoed

V/N Ly TN JUI0d YoRJ-ouiz Axod3f ‘A1 ONHYOD

1VOD ai¢ 1vod aNe 1vOD IS1 V1VA WIISAS ONLLYOD

i (SHFINIONT 10 Sd40D AWV 'S°N) $D3dS ONILYOD 1531

"(z-v-T12 wa1sAs sdio)) waisAs TyiZ-d-TIN/PE0ET 10) elep 1Sl 'Td 8|gel




USACERL TR 96/87

28

v /S 901
¢ oL, S0l
L 1€l 70l
Z €10l €0l
3 0L~Z Z0l
"sobpe 6qI0s O] PAULUOD 810 SINOY Pl 40 slelsig € Ol-Z 1ol
"$IN0Y g/9 JO PSiou §| BUIMO|oA swog Buyoy WUl "ON
$INOY 29 JO SD SOBID PAGHOSUN Uj Ueas S| Bupajsiia ON 'sebpa equas Buolo sl Buvsis)q IV SUNOH 8892 - IAIL JINSOX3 TIdWYS
SINIWAOD 38RIDS W03 3OVITAID NVIW
Ol 0 oL 0 0l 0 0l 0 0l 0 ol 0 901
oL 0 ol 0 ol 0 ol 0 oL 0 ol 0 50l
oL 0 ol 0 ol 0 oL 0 ol 0 0l 0 7ol
oL 0 ol 0 ol 0 ol 0 ol 0 0t 0 £0l
oL 0 ol 0 ol 0 oL 0 ol 0 ot 0 ZOol
ol 0 ol 0 ol 0 ot 0 ol 0 ol 0 ol
Bunoy | Polod % | BUNDH | Poliod % | Duiod | Poliod % | Ougod | pollod % | Buwod | Peiod % | buioy | Peliod % "ON
8892 9L0C el 2.9 9ce 201 TIdNVS
(SUNOH) INIL TINSOAXT - VAV GIERIOSNN
SINIWNOUIANE JAISO¥IOD OL G3LO3rANS SNAWID3ES GLVOD 30 NOLVNTVAS - ¥591d WISV
0L %L00> oL %L00> ol %L00> ol %L00> ol %l00> 0l %l00> 90l
ol %L00> 0l %L00> 0l %L00> ol %L00> 0l %L00> ol %l00> SOl
ol %L00> ol %L0'0> ol %L00> ol %L00> oL %L00> ol %l00> 7oL
ol %100> oL %100> ol %10 0> ol %L00> ol %0 0> ol %l00> €0l
ol %L00> ol %l00> 0l %L00> ol %L00> ol %l00> ol %L00> Z0l
ol %L00> ol %L00> 0l %L00> ol %L00> oL %L00> ol %l00> 101
[epo15 15l PetsTl % [PDIS 1Snal| PalsT] % [oPDIS) 1nel] POISNY % [oPPIS Jsnal| PaIsne % PPOID Isndl] Poisny % PPDIS) snal] Palsnel % "ON
889¢ 9L0¢C el 2L9 9ee 291 TIdAVS
(SUNOD INIL INSOdX3
SNIISNY 40 33493A 0190 WISV
z a 9 W 9 W 0 0 0 0 0 0 90l
v a v an v an 9 5 0 0 0 0 S0l
3 a z an Z an Z W Z 3 0 0 7oL
73 a Z a Z a Z an ¥ W v 3 c0l
z an ¥ an v an ¥ W 9 3 0 0 Z0l
3 a ¥ an v an ¥ W 9 F 0 0 ol
£ Aouanbaly oz Aousnbai4 o718 Aousnbal 8zig Aouanbalq az18 Aouanbaly az18 Aousnbal ‘ON
889 910C Vel 2.9 9eE 891 JIdAYS
(SUNOH) INIL IINSOXT
ONRILSIE 40 33493a v1/a WISV
| su3INION3 4O S0 AWV S') NOISTHONd/ A'N - NOLLVNTVAI 13NVd

‘ponunuod ‘14 9|qel




29

USACERL TR 96/87

ol 0 el
ol 0 G0l
oL 0 oL
oL 0 £0l
oL 0 [
ot 0 1-0L
~ Buyoy Wl "ON
SAVQ 071 - INIL RINSOdX3 JIdWVS
SINFIWNOD JGRIOS ORI IDVAIRID NVIN
0l 0 oL 0 oL 0 90t
Ol 0 oL 0 oL 0 G0t
ol 0 ot 0 ot 0 70l
o]} 0 oL 0 ol 0 £0l
Oi 0 oL 0 oL 0 ¢0l
_ ol 0 _ ol 0 ol 0 10l
Buloy paiitd % Buyoy paiitd % Buloy pejiod % "ON
0oclL 0.2 L J1dNVS
(SAVQA) ANIL RINSOdXT - SVIIV AIFRIDOSNN
SINFWNOUIANT JAISONIOD OL @ILD3rdns SNIWIDAAS AAIVOD 10 NOUVNIVAI - ¥$91d WISY
0] %L0'0> oL %L0'0> o]} %100> 90l
0l %L0'0> oL %L0'0> Ol %100> S0l
0l %LO'0> oL %100> ol %l00> 7ol
ol %LO'0> ol %L0'0> ol %10'0> £0l
o] %L0'0> oL %10'0> oL %100> 4t
0l %L0'0> o[} %10'0> ol %10'0> 1-0L
8poIY Jsny paisny % 8pDniIY Jsny pajsnel % 2pPDID SNy PaIsN % ‘'ON
0cl 0% L F1dNVS
(SAVQ) JNIL RINSOdXT
ONLUSNY 410 33¥S3a 0190 WISY
0 0 0 0 0 0 90l
0 0 0 0 0 0 GOl
0 0 0 0 0 0 70l
0 0 0 0 0 0 £0l
0 0 0 0 0 0 [4a]
0 0 0 0 0 0 10l
azIg Aousnbay o218 Aouenbely ozg Aduanbai4 ‘'ON
0clL 09 L J1dNVS
(SAVQ) FNIL RINSOIX3
ONRILSNEG 40 33YO3A ¥1.0 NISY
| (SYFINIONT 10 SO ANAY 'S'N) NOISYIWINI J3LVM HSFN4 - NOILVNTVAI 1INV

‘ponunuod ‘14 9|qel




USACERL TR 96/87

6 S'00 90l
6 S00 S0l
6 §'00 70l
6 S'00 £0L
6 S'00 20l
6 S'00 1Ol
BUNDY ww "“ON
SAVA 02l - FNILL RINSOdX3 J1dNVS
SINTGAWODL  38IRIDS WORH I9VAIRIO NVIN
o} 10 6 L0 Ol 0 0L
6 10 6 [0 o] 0 SOt
6 10 6 10 0l 0 yOl
6 1-0 6 10 Ol 0 g0l
6 \-0 6 {0 Ol 0 20l
6 -0 6 10 0] 0 L-0L
Buyoy palid % Buioy pafivd % m%tuw_ pPaiicd % 'ON
0zl 09 L F1dNVS
(SAVQ) JNIL RINSOX3 - SYIIV A3FRIDSNN
SINTJWNOJIANT JAISONIOD OL @31d3Irdns SNIWIDIdS ALvVOD O NOUVNIVAI - ¥S9La WISY
6 %E£0 0> 6 %£0'0> o]} %10'0> 90l
6 %E0'0> 6 %E0'0> oL %100> SOl
Ol %10'0> oL %l0'0> o] | %10'0> 0L
oL %100> oL %10'0> ol %L0'0> €0l
o] %10'0> oL %10'0> 0l %L0'0> 20l
)3 %10°'0> oL %10'0> o]} %10°0> L0l
8pDID Isne| paisny % 8pPDIS Jsny| palsnd % 8ppID sy pajsny % 'ON
0cl 09 L T1dNVS
(SAVQ NIl RINSOdX3
ONUSNY 3O 33YO3IA 0L9d WISV
0 0 0 0 0 0] 90l
0 0 0 0 0 0] S0l
0 0 0 0 0 0 yol
0 0 0 0 0] 0 €0l
0 0 0 0] 0 0 Z0lL
0 0 0 0 0 0 L0l
azis Aouanbalg ozs Aouenboayy azs Aousnbalq "ON
074 09 L TdINVS
(SAVQ) FNIL RINSOIXT
ONIISITE 40 33493a v1LQ WISY
| (SYFINIONT 4O SO AWYY 'S'N) J3IVM LTVS - NOILVNTVAI TINVd

30

‘ponunuod ‘14 9|qel




31

USACERL TR 96/87

[448 Syl o€l

6Ll (4741 o€l

vel vl ovl

[4%8 5al o6l

ost el el

oel g9l el

(€2 2’1 SIVOD) WIOL 9-1 T1dNVS

(€2 2’1 SIVOD) WIOLS-L TIdAVS

(€% 2’1 SIYOD) WIOL -1 TIdAVS

(€%2Z'L SIVOD) TVIOL -1 TIdAVS

(€% 2L SIYOQ) WVIOL &L TIdNVS

(€% Z'L SIVOD) TVIOL L-1 TIdWVS

‘AR HS3dd | 1TvS STVIOL I1dWVS

'S i 4 [4 i'e (44 e o€ 9'G 144 9-L "ON TNdNVS
6V L9 av 1'e 6T 6y 6'¢ L'e 'y S°L "ON 3NdAVS
(<34 9v £9 1’4 ey LT L'y LS 0's P-1 'ON TNdAVS
&v 1472 o9 1374 L'e -3 9t v L's €-L "ON F1dAVS
v's 14} I'v v's ov 6v [474 oy 9y ¢-L 'ON J1dNVS
oV 'S 9'e 144 L'y L'y 1474 S9 S 1-1 "ON T1dNVS
‘AN HS3dd | 1Ivs AN HS3Yd | 11vS AN HS3dd | 11vS ST “SSINNDIHL WI3 A¥Q
O ssiqimeq DHA ssianaeQ D8N ssiqineq ININDINS3

SUON BUON| udz/| SNINNIHL

P1£2067 ‘@IND/ £Z1 Z0VN-16 ‘esog] #1£2057 :0InD/€50L0PN 8s0g] 9921 L1 *8IND/Z0L 06O 1PPMO/4522081 18508 SYIGAINN HOLVE DNUVOD,
G8¢ {00DIeUlY| SH89) GdS OdSS NOILIONOD JLvailsans

4.08] 46/ EN) FANLVRIIJNIL

%09 *0S| %) HY

S6/Lelv S6/92/v G6/G2/Y| 3tva

NOILVOIddY

L0t Joodlewy/m 0B 1ed %9

101 $oodieluy/m 0B 1ed %9

59 100diewy/M [oB/jud g0

UWINWIXOW “ONINNIHL

AUO I N AUO 11 XIN AUO D4 XIN SOLLVY ONIXIW
S 9~ S| 9-p) s ¢ AUQ SSINIOIHL INTH Q3ANINNODTY
3.0/ ® SINOY 8 4.0, & SINOY 8 400, ®SNOYZ 1YOD3R OL WNWININ FNIL DNIAIG
BUON OUON| SUON INIL NOILONANI
1.0/ ®SINOY € 1.0/ ® SINOY €| 4.0, @ SINOY 9| (P8joIs|8ooDUN) 341N 1Od
1oB/sqar €' PB/sal¢'Z] obB/salv'Z] (PBuUUIYIUN) DOA|
%€ -/t %99 %E ~/+ %99 %E -/t %0L SANOS % INNTOA
uoleuly| I ucleusy| ARINLOVANNYN

Axod3| Axod3 1euwild Axod3 yory
[esoding-HNIN 8¢ J0odIelIv|esodind-INIA G8E #002IBUIY OUlZ SHEQ {polIeWy ‘T ONILVOD
VYO Qi LvOD ANT JA [e e J 1] Viva W3LSAS ONILVOD

_ (NOAINY) $I3dS ONLLVOD 1531

"walsAs Axods je0olIBWY J0j BIRP 1S81 "Zd 9|qel




USACERL TR 96/87

32

oL 0 9L
6 S0 S-L
01} 0 p-l
ol 0 £l
ol 0 [0
oL 0 -t
Buyoy| ww ‘'ON
SHUNOH 8892 - INIL RANSODXI JdAVS
SINFWWNOD 39IRIOS ORI IDOVAIRIO NVINW
oL o} ot 0 ot 0 ot o 8] o] ot 0 9-1
oL 0 ot 0 oL 0 ol 0 ot 0 [s]} 0 gl
ot 0 ol 0 ol 0 oL 0 ol 0 ot 0 vl
6 1-0 ol 0 [} 0 oL o} 1] 0 o]3 0 £t
oL 0 ol 0 oL 0 oL 0 ol 0 ot 0 [Al
ol 0 ol 0 oL 0 oL 0 oL 0 ot 0 (&
Buyoe| Polod % Buyoy) Peiiod % ouyoy Peibd % suyoy| Palind % Buyoy) PoInd % suloy Pain % ‘ON
8892 oL02 el 249 e 89t TIdWVS
(SUNOH) FNIL RINSOIXT - VIV QIFRIDSNN
SINIWNOAIANT JAISONIOD OL QALOIraNS SNIWIDIAS AILVOD 4O NOILVNTVAI - ¥S91a WISY
ol *L0'0> ol %100> o] %100> oL %1'0> oL %1'0> oL %1'0> 9-l
oL %l00> ol %L0'0> ot %l00> oL %1 0> oL %1'0> ot %l'0> 51
ot %l00> ot %L00> oL %100> ol %l 0> ot ®10> oL %1°0> v-L
ot %L0'0> o] %100> ol %100> ol %l'0> ol %1'0> oL %L'0> el
ol %L00> ot %100> ol %100> ol %L'0> oL %L'0> ot %L'0> ¢l
oL »L00> oL %l00> oL %l00> oL %l 0> al »L'0> oL %L'0> -l
[BPRIS Jsn| Peisny % [ep0IS Jsny| pojsnyt % [eprio Jsny | peisni % -| eppio N | peisny % [eppio ismi| peisny % [eppio isndt | peisny % "'ON
889C 9102 prel eL9 3 891 TIdNVYS
(SAUNOH) FNIL RINSOdX3
ONLUSNY 4O 334930 0190 WISY
0 0 0 0 0 0 0 4] 0 0 0 0 Fal!
0 0 4] 0 0 0 0 a 0 1} 0 0 St
0 0 0 0 0 0 0 o] 0 o] o] 0 r-L
0 0 0 0 0 0 0 o] 0 0 o] 0 €l
0 0 0 0 0 0 0 o] 0 0 0 0 Al
0 0 1] 0 0 1] 0 3] 0 0 ol 0 i
ezg Aouenbelq ezg Aoduenbesq ezg Aouenbel4 ez Aouenbe.4 ez Aouenbey oz7s Aouenbeuq "ON
8892 QLoT el zL9 oee 891 F1dAVS
(SANOH) FNIL RINSOX3

ONINISITE JO 33¥DIA v1LA NISY

_ (NO¥INV) NOISTHO¥A/'A'N - NOLVNTVAT 1INV

‘panunuod ‘¢d alqel




33

USACERL TR 96/87

oL 0 9l
ot 0 Sl
ol 0 v-l
ol 0 [
[all 0 FAlS
ot 0 -l
Bugoy Wi ‘ON
SAVQ 021 - I RINSOLX3 TdAVS
SINANWOD 3ARIDS WORH 3DVHIFRIO NvaIn
ot o ol 0 ol 0 91
ol [J ol 0 oL 0 &l
ot 0 ol 0 oL v} -l
ot 0 ol 0 ol 0 €l
ot 0 ol 0 ol 0 [
oL 0 ol 0 ot o -t
Buyoy pelod % Buyoy PoJo] % Buioy peliod % "'ON
074} 09 L TdNVS
SAVA) INIL RINSOX3 - SYRIV AFFRIDSNN
SINIWNOUIANT JAISOYIBOD OL AILDIrdns SNIWIDICS AILVOD 3O NOIVATVAI - ¥S91Q NISY
ot %L0'0> ol %L00> oL %L00> ol
ol %L00> ol *%l00> oL %L00> S
ol %l0C> ol %10'0> oL %L00> vl
oL %l0C> ol %10'0> ol %00> €1
ot %l00> oL %100> oL %100> [adl
ol %L0'0> ol %100> oL %l00> -1
8ppIS SNy paisny % epIo) sy Poysny % OpDIS sy pPosny % ‘ON
0zl 09 L J1dAVS
(SAVQ) INIL INSOdXT
ONUSNY 3O 33493Q 0190 WISY
0 0 1] 4] 0 0 g1
0 0 0 0 0 o] Gl
0 0 0 0 0 0 L
0 0 0 0] o} 0 foul
0 0 o] 0 o] 0 [
[ 0 0 0 0 0 t-1
ens Adusnbey ong Aduenbely o7s Aouenbei4 ‘ON
0zl 09 L F1dNVS
(SAVA) JNIL RINSOIX3

ONRILSIE 40 33¥93A P1LG WISY

_ (NOUINV) NOISUIAW! 33LVM HSI¥ - NOILYRIVAI 1INVd

‘panunuo)d

‘¢d d|gelL




USACERL TR 96/87

34

ol a 9-1
ol o] G-
ol 0 ¥l
ol o] el
ol 0 [}
ol 0 -t
ouyoy wiw ‘ON
SAYAOZI - 3L RINSOIX3 F1dAVS
SINFWWNOD 3ERIOS ORI IDVCITRIO NVIN
oL 0 ot 0 ot 0 -1
ol [\ ol 0 oL 0 sl
0l 0 ol 0 oL 0 vl
ol 0 ol 0 oL 0 el
ot 0 oL 0 oL 0 fAal
oL 0 ol 0 ol 0 1-1
Buyoe pelio] % Buyoy| pelio] % Buyoy Pelivd % "ON
ozL 0.5 L FIdNVS
(SAVQ) 3NIL RINSOIXT - SYRIV QIARIDSNN
SINIJAINOYIANT JAISORIOD OL A31DIrans SNIWIDIAS G3LYOD J0 NOLVNIVAI - 791G WISY
oL %L0'0> ol %L00> ot »l0'0> 9-L
ol %l00> oL %l00> oL %l00> g1
ot %l00> oL %l00> ol »l00> v-L
ol %l00> oL %L0'0> ol %l00> ol
47} %10°0> ol %L00> ot %L00> rAl
oL %l00> ol %l0'0> oL %l0'0> -1
epniIS sy pPasny % SPRIS jsny poasny % OpnIS ISy Poisny % 'ON
oclL (0% L F1dNVS
GAVQ) INIL RINSOdXT
ONIISNY 0 33493a 0190 WISV
0 0 0 0 0 0 ol
0 0 ] 0 0 (3} St
0 ¢] 0 0 0 4] -1
0 o] 0 0 0 0 €1
0 0 0 o] o] [s] ¢l
0 0 0 o] 0 0 [
ons Adusnbai4 e1s Aduenbely ezg Aouenbeid ‘ON
874} 09 /A FIdNVS
(SAVQD JNIL RINSOdXI

ONRILSNE 4O INOIA PLLA NISY

_ (NOYINY) NOISIININI 31LVM L1VS - NOLLVNTVAI 1INVd

‘panunuod ‘¢d alqel




35

USACERL TR 96/87

9'6 ooL | oSl (T8 | SLIVOD) V101 9-9 TIdNVS
£'6 oglL | 9€l (Z% 1 SIVOD) V101 59 T1dAVS
0zl gel [ ozl (% | SLVOD) WIOL -9 T1dAVS
9'g 06 o€l (28 | SIVOD) V101 €9 TIdWVS
00l 9Ll £0L (Z % 1 SIVOD) WIOL 29 TIdAVS
96 9Ll | ool (Z % | SIVOD) WIOL -9 TIdAVS
‘An_ Hs3dd | 1vs SIVIOL J1dNVS
9y 7' L6 0 oy €'g 99 "ON J1dNVS
£G L8 V'8 ov er Z'S G9 'ON J1dWVS
0/ £/ z'9 0§ 09 8'S 79 'ON J1dAVS
9'E o 0L 0S 0'S 09 £-9 'ON TdAVS
0g 9'G L's 0% 09 Z'S ¢9 "'ON J1dWVS
vy 09 9'S Z'S 9 vy £-9 'ON T1dINVS
‘An [ Hs3d | 1vs | An [ Hs3ad | nvs | "A'n [ HS3dd | nvs SN ‘SSINDIDIHL W14 Add
DA ssigireq D8N ssiaineq INGWdIND3
74 OUON ONINNIHL
1666/8S ‘9504 slaibe7 joN SUIGNNN HOLvE SNILVOD
pauwild 0LdS Odss NOILANOD 3LvRUSINS
1oCl 1.2/ RINLIVATdNIL
%95 %95 Hel
G6/T/S G6/1/S 31vg
v NOLLYDIWdY
| Z# Z# LINUWIXOI “ONINNIHL
JepaAu00 pnd | o} espg pod | AlUO 1pf XIN SOILVY ONIXIN
SHU £ Sjiw ¢ AQ ‘SSINMOIHL W1 GIONIAWODR
1.5/ ® SiNoy g 1.5/ ®@Sinoy ¢ IVODRI OLINNWINIA FNIL ONIAIG
PeJo|S 8UON pejJolS 8UON JAIL NOLLDNGNI
4 .G/ @ SINOY § 1.0/ ®SINOY (pejpI8[@22DUN) 34171 10d
1o5/5G187°1 10B/5q125°C (POUUIGIN) DOA
% /+ %SL % -/ + %Y9 SANOS % INNTOA
auloqind suljoqInD ARINLOVANNYIN

Axod3 pling r_m__._ JERVIN]
068 8uloqInd 858 eulloqIDD ‘1 ONIVYOD
1vOD qie 1IvOD aNZ 1VOD IS1 V1Vd WIISAS ONILVOD

(ANNOFAVI) §23dS ONILLVOD 1S3l

"walsAs Axoda auljoqie) Joj elep 1sal "£d a|qel




USACERL TR 96/87

36

6 500 99
A gL g9
oL o] 79
6 S'00 £-9
6 g0 9
] 14 19
Buyoy [y ‘ON

SUNOH 889 - JNIL RINSOJXT FdNVS

‘SININNOO JERIDS WOU] IDVJITRIO NYIN

oL 0 ot 0 oL 0 oL 0 oL 0 o] 0 29
ol 0 oL 0 Ot 0 oL 0 o]} 0 o] 0 S9
oL 0 o] 0 oL 0 oL 0 oL 0 o] 0 V9
oL 0 ot 0 oL 0 oL 0 Ol 0 Ol 0 £-9
oL 0 ol 0 Ol 0 oL 0 oL 0 o] 0 29
oL 0 oL 0 oL 0 oL 0 oL 0 ol 0 19
[ Bu paiicd % Buyoy Po|Ivd % Buyny pelod% | Buyoy | peird% Buioy poaiiod % Buloyy ps|io4 % ‘ON

8892 9102 rel 9 9ee 891 F1dNV'S

(SUNOH) FNIL RINSOXT - VIV GIFRIDOSNN
SINJWNOUIANT JAISOFIAOD OL1 A3LOArans SNIWIOAAS AILVOD 40 NOLLVYNIVAT - #5914 NISY

8] %L0'0> o] %L0'0> o] %L00> oL %L0'C> oL %l00> ol %L0'0> 99
0l %l0'0> o] %L0'0> o]} %L0'0> oL %l00> oL %l0'0> ol %L0'0> 59
oL %100> oL %10'0> ot %L0'0> oL %10°0> oL %100> ol %L0'0> 'a
OL %L00> Ot %10'0> oL %L0'0> oL %L0°0> oL %l00> o]} %L0'0> £9
oL %L00> Ol %10'0> o] %L0C> oL %L00> Ol %l0'0> oL %L0'0> 29
oL %10'0> o] %L0'0> Ol %L0C> oL %10'0> Ol %10'0> o] %10'0> -9
PPDIO 1SNy PaISNY % [ePRIS ISnl| P8lsN % PPRID SN P8ISN % PBPRRIS (SNl P8IsNY % | SPRIS 1SN | PeISNY % [BRRIS ISN| Paisnd % ‘ON

889¢ 9L0¢ | rel | zL9 9ee | 891 I1dNVS

(SANOH) JNIL RINSOdXT
ONIISNY 40 334934 0194 NISY

0 0 0 0 0 0 0 0 0 9] 0 0 99
0 0 8] 0 0 0 0 0 0 a 0 0 g9
0 0 0 0 Q 0 0 0 0 0 0 0 s
0 0 0 0 0 0 0 g 0 0 0 0 £9
0 0 0 0 0 0 0 0 0 0 0 0 9
0 0 0 0 0 0 0 0 0 0 0 .0 -0
8218 Aouenbely Er Aousnbai4 az15 Kouenbaiy o215 Kousnbaly 8218 Aosuenbely ozIS Aouenbal4 "'ON

889¢ 9L02 el L9 9¢e 891 J1dINVS

(SUNOH) JNIL IANSOdX3

ONIY31SI18 4O 33493a v1LLA WISV

(ANNOE¥VYD) NOISTHOA/ A'N - NOUVNIVAI TANVd

‘panunuod "eggd 9lqel




37

USACERL TR 96/87

oL 0 99
ol 0 S9
oL 0 Ve
oL 0 £9
oL 0 9
Ol 0 -9
Buoe W "ON
SAVA 021 - INIL RANSOdX3 F1dAVS
SINFNNOD 39iIOS NO¥H 39OV dIFID NVIN
oL 0 ol 0 oL 0 99
oL 0 ol 0 ol 0 S
8] 0 0ol 0 oL 0 9
Ot 0 oL 0 oL 0 £9
Ot 0 0ol 0 oL 0 [
oL 0 o] 0 oL 0 L9
Buyoy pPaIod % Buioy PoInd % Buyoy poling % ‘'ON
0zl 09 JA JIdNVS
~ (SAVQ NI RINSOIXT - SRRV AIFRIDSNN
SINIWNOYIANI JAISOIIOD OL d3a1D3rans SNINIDIAS dIlvOD 40 NOILVATYAT - ¥S91a WISY
oL %L0'0> o] %L0'0> oL %L0'0> 99
oL %L0'0> o] %L0'0> oL %L0'0> G9
ol %l00> oL %LO0> ol %L0'0> -9
ol %L0'0> ol %100> oL %L0'0> £9
oL %L00> oL %10'0> o] %L00> 29
ol %L00> oL %L0'0> ol %L0'0> L-9
SpoIY sy pPaisny| % BpDIS) Jsny pasny % 8pRIO Jshy poisny % ‘ON
074} 09 A NdAVS
(SAVQ) AL FUNSOdXT
ONILSNY 40 334S3A 0194 NISY
0 0 0 0 0 0 99
0 a ¢] 0 0 0 G9
0 0 0 0 0 0 -9
0 0 0 0 0 0 £9
0 0 0 0 0 0 9
0 0 0 0 0 0 19
oz Aouenbey a2I5 Aouenbel Er Aousnbalq ‘ON
Oct 09 L FdNVS
(SAVD INIL RINSODX3

ONIR¥3ISIE 40 33403A ¥1LA NISY

| (ANIT1OF¥VD) NOISHININI J3LVM HS3¥ - NOILVNTVAT 1INVd

‘panunuod "egd alqel




USACERL TR 96/87

38

ol 0 9-9
o] 0 59
0l [} -9
o]} 0 €-9
ol Q 9
(o] 0 1-9
Buioy ww "ON
SAVQ 0¢1 - JNLL FINSOdXT J1dINVS
SINFIANWOD]  38RIDS WO 39VdIFRUD NvIW
o] 0 oL 0 oL 0 99
o] 0 al 0 oL 0 S-9
o] a o] 0 ol 0 -9
o] o] o] 0 o o] £-9
Ot 0 o] 0 oL a 9
Ol 9] o]} 0 oL 0] -9
Buyoy| pP3|I] % Buyny| paliod % Buyoy| pa|ibg % ‘ON
0clL 09 A FNdNVS
(SAVAD JAIL RINSOdXT - SYFRIV AFARIDSNN
SLNIWNQAUIANT JAISORIOD Ol AILDIrans SNINIOIdS AILVOD 10 NOLVYNTVAL - #5910 WISV
o] %L00> oL %L0'0> oL %l00> 99
oL %10'0> oL %L0'0> oL %L0'0> S99
ol %L00> o] %L0'0> 0l %L0'0> 79
(o] %L0°0> oL %10'0> 0l %10'0> €9
oL %L0'0> 0L %L0'0> oL %10'0> 9
oL %10 0> o]} %10 0> o]} %L0'0> |9
OpBIO Jsny paisny| % BpDBIS Jsny| pP8JsnY % 8poiIS fsny pesny % ‘'ON
0clL [0 L JIdAIVS
(SAVQD) NWIL RINSOIXT
ONIISMY 10 333934 0190 WISV
0 0 0 0 0 0 99
0 0 0 0 0 0 59
0 0 0 0 0 0 79
0 0 0 0 0 0 £9
0 0 0 0 0 0 9
0 0 0 0 0 0 -9
oS Aousnbey azIs Aouenbal4 EYS Adouenbely ‘ON
0cl 0.5 L J1dANVS
(SAVQD) INIL RINSOdXI

ONIN3ISITE 40 333930 ¥1.L0 NISY

| ANITOFAVI) NOISHIWINI JILVYM L1TVS - NOLLYNTVAI TINVd

‘panunuo)d

‘€d 9|gel




39

USACERL TR 96/87

12l el Syl (€% 2’1 SLYOD) TVIOL 96 TIdAVS

9ClL Sl qvl (€221 SLYOD) TVIOL S-S TIdAVS

IZ4] ol 1St (€22’ SLYOD) WVIOL S TIdAVS

ol XAl eel (€9 2L SLYOD) VIOL €6 TIdANVS

cel Lyl Scl (€% T L SIYOD) TvIOL 25 FIdAVS

vt g9l eke] | (€% 2L SLYOD) TVIOL LG FIdNVS

‘AN HS3dd | 1TVS S1VI1OL I1dAVS

8¢ 9'¢ a4 rA o oy e 0L 09 9-G 'ON 31dAVS

o€ S'e g’ v'e *24 Qe G 29 09 GG 'ON F1dAIVS

9t 0’9 9'S o'y ve oy 0's 99 v -G 'ON F1dNVS

L'¢ 69 09 L'y LT 1'e 9GS oe [4) €6 'ON J1dWNVS

v 'L 2s oy L £V 2% £'g oe 25 'ON J1dAVS

8¢ L 09 ot Lc Sy 9S 99 0'g 1-G "ON J1dAVS

‘An HS3¥4 | 1TvS An HS3¥d 1vs ‘AN HS3dd | 1TvS STHIN ‘SSINNDIHL W1t4 A

DHN ssialineq AN ssigineq D8N ssigiineq ININGINS3

0ELS UOADD 0ELS UoADS 0ELS UoAnS ONINNIHL

690P05Z BIND/89-p0-5-Z 0s0g| 6900G-C 8IND/89-riS-¢ esod] 020-10-6-C *9IND/060-20-G-Z ‘@508 SUIANNN HOLVE SNILYOD

peulud powd GdS DdSS| NOILIANOD 31visans

4084 4.8, $€L RINLVAIINIL

%95 %99 %95 HY

S6/2/S S6/1/5 S6/62/v| va

NOILYDIddV|

0E LS UOIADS OE1LG UoIADD 0E1G UOIADD WINUIXOW “SNINNIHL

ewnoA Aq v pod | o g spod p| swinioa Aq y pod oy gsped p|  lepeauod pod | of esoq pod | SOILYl ONIXIA

Sjiw s g S g AR 'SSINNMOIHL IWTH GIANINNODIY

1a/{ ®SAOp £-sinoy p 1o/ @ SADP [ - SINOY p| 4./ @ senuUIL Gy LVOD3d O WNNININ FNLL ONIAGQ

40/ ® S&{NUIL Og 4o/, @ SOJNUIL OF 404 O} = IO < @ sejnuUw 0g JAIL NOILONANI

1oL B SINY Y d0L{ @SINOY P| 4olL ® SINOY QG- (pejpJie|ed00un) 341 10d

[SJETA wb/saiar i oB/sa 2 (psuuytun) DOA

*%1¢ %18 %0609 SANOS % INNTOA

"OUf ‘$elysnpPU| UOJADD) *DU| *$SOUYSNPU| UOJADD) *OU| *SOUSNPU| UOJADD YFNLOVINNYIN
§18000-8886 UOINOD 418000-8886 UOIADD) 18WUd 6Z19-86L6 UOADD

1005d0 /16N eplWbAd Axod3[ jooodo]/isuiid apiuniiod Axod3 1eulud Axod3 yop| ouz ‘A’ ONHYOD

V0D (iiS 1vOD aNT IVOD ISl V1va WAISAS ONILYOD

_ (NOTAVO) $D3dS ONUYOD 1§31

"walsAs Axoda uojaes JojelRep 1S8]1 ‘g 9|gel




USACERL TR 96/87

40

L FAlt 95
L c-l X
S S¢ [&°]
L Al €S
L cl [}
L FAl -G
Buyoy wuwl 'ON

SUNOH 889 - FNIL IINSOdX3 TIdAVS

SINFAWOD 3QRIDS WOV 3IDVITIO NVIN

6 10 6 10 ol 0 oL 0 oL 0 oL 0 Ca%)
6 10 6 0 ol 0 ol 0 ol 0 ol 0 S-S
6 10 6 10 0l 0 ol ] oL 0 ol 0 /2]
6 10 6 0 ol 0 ot 1} ol 0 ol 0 £S5
6 10 6 10 ol 0 ot 0 ol 0 oL 0 [4°]
6 10 6 10 ol 0 ot 0 ol 0 oL 0 (&)
Buow | peloi% | Duwod | PelDi% | Bulod | Pelbd% | DuNDy | Pepd% | DUgod | peiod% | Ouod | Pelod % ‘ON

8892 9102 el Lo 9€ee oL TIdAVS

(SANOH) FNLL RNSOAX3 - YRV QITRIDSNN
SINTIANOUYIAN]T JAISONRIOD OL AILJIrINS SNINIDIS GILVOD JO NOLIVNIVAI - ¥S910 WISY

1]} »l00> ol »L00> oL %100> ot %l0'0C> ot %l00> ot %L0'0> 95
ol %100~ oL %l00> o]} %100> oL %l0'0> ot %L0'0> ot %L0°0> gG
oL %l00> oL %100> ol %100> oL *%10'0> ot %l0'0> ot %L0'0> ve
ot %L00> il %l00> ol %L00> oL %L0'0> oL %LOC> ol %L0'0> €6
ot %L00> ol %1l00> ol %L0'0> oL %l00> ot %L0'0> oL »l00> 4%
oL %00~ oL %l00> oL %l00> ol %10'0> ot %10'0> ol %L0'0> LG
opRIS N[ pesnil % [ePoIS isnd [ Peisny % fepoio sy | Peisnd % [epoID isny| Peisnd % [epois iny | Peisnd % [SpDID Jsny | Pelsm % ‘ON

889 9102 rel L9 oce ol JINVS

(SANOH) NI RINSOXI
ONILSM 10 33¥D3A 0194 NISY

0 0 0 0 0 0 0 0 0 0 0 0 9
0 0 [} 0 0 0 0 0 0 0 0 0 ]
0 0 0 0 0 0 0 0 0 0 o] 0 2]
[i] 0 0 0 0 0 0 0 0 0 0 0 €S
0 0 0 0 0 0 0 1] 0 0 0 0 S
0 0 0 1] o] 0 0 0 0 0 0 0 L9
EYY Aouenbey o3 JAousnbes o3 Aouenbely oz5 Aouenbelq oz15 Aouenbely oz5 Asuenbey] "‘ON

8892 ?L0C vel LR 9ee 89l J1dAVS

(SANOH) JNIL RINSOdXT

ONI3LSNE JO 333930 v1 LA WISV

— (NOTAVO) NOISTHO¥d/'A'N - NOLVNTVAI 13NVd

‘panunuod ‘v4 olqel




41

USACERL TR 96/87

v L 95
v L ea]
14 L Vs
S 14 £
v L (a4
v L [}
Buiny ww 'ON
SAVA 021 - AL RINSOIX3 TdAVS
SININNWOD 381108 WORH 39DVdITUO NvaIW
ol 0 0oL 0 oL 0 9G
ol 0 ot 0 oL 0 S-S
ol o} oL 0 oL 0 Vs
ol 0 oL 0 ot 0 €S
ol 0 oL 0 oL 0 ']
ot 0 ol 0 oL 0 [}
Buno pejiod % Buyoy| peaird % Buyoy pelbd % ‘ON
ozl 054 I4 TdAIVS
(SAVQA) INIL FINSOXT - SYRIV QFFRIDSN
SINFWNOUIANT JAISOIYOD O1 AILIIrINS SNIWIDAAS AILYOD JO NOILVATVAS - #5910 NISY|
ol %10'0> ol %l0'0> ot %L00> 95
ol %l00> ol ®l0'0> ot %L00> S5
ol %10'0> ot %L00> oL %L00> v-e
ol *%100> ot %L0'0> oL %l00> €S
ol %10°0> ol %l00> ol %l00> ()
oL %L0'0> o] %100> ol %100> %]
SP0ID JsNy pajsny % oppID sy poisny % OPRIS SNy palsny % ‘ON
ozl 09 I3 FIdNVS
(SAVQ) FNIL AUNSOX3
ONUSNY 3O 37YOIA 0190 WISV
0 0 0 0 0 0 9S
0 0 0 ] 0 0 *n*]
] 0 0 0 0 0 Vs
0 0 0 0 0 0 €
0 0 0 0 0 0 s
0 0 0 0 0 0 (]
ons Aousnbe aus Aouenbeld ons Asuenbes4 ‘ON
ozt 09 L F1dAVS
(SAVQD FAIL FINSOdX3I
ONRILSIE 30 333031Q v1.0 WISV

_ (NOIAYO) NOISYINNI 3ILVM HSTAH - NOILVNIVAS 1INVd

‘panunuod ‘v4 olqel




USACERL TR 96/87

42

z zZl 95
F4 1t SS
3 6 (&)
1 vl 3]
L vl TS
z 2l )
Buyoy ww ‘ON
7§ Z S19UDd UO SDOI0 POQUOSUN Ul SIBISII 24 M 'S6/22/6 U0 PeMOIA SAVA 0ZL - INLL FINSOdXT FINVYS
SININAOD]  F8RIDS WO 3DVAIRID NI
oL 0 ot 0 ot 0 9
oL 0 ol 0 ot [i S5
oL 0 ol 0 ol ) (&7
oL 0 ol 0 ot i 2]
oL 0 oL 0 ot 0 [
ot 0 ol 0 ol 0 S
Buyoy| Poiod % Buyoy Peliod % Buyoy peind % ‘ON
ozt o9 2 TIdNYS
(GAVQD NI RINSOIXT - SYIUVY GIFRIOSNN
SINGWNOIIANT JAISORIOD Ol a11OIrans SNINIOIAS GILVOD 1O NOLYNTVAT - 5910 WISY
oL %L0°0> ot %l00> ol %L0°0> 95
ol %L00> oL %L00> ot %100> S
oL %l00> ol %L00> ot %100> [
ot %10'0> ol %00> oL %L0'0> )
oL %L0'0> ol %l0C> ol %L00> TS
ol %L00> ol BL00> ol %L0'0> 15
opOIS Jsny poisny % PRI JSNY PO % OpDIS sy peyny % ‘ON
ozt 9 L TIdNVYS
(SAVA) FNIL JINSOLXT
ONILSNY 40 33¥93Q 0190 WISV
1 0 0 0 0 0 95
0 0 0 0 0 0 SG
4 d 4 F] 0 0 [&]
0 0 0 0 0 0 ]
[ W z F] 0 0 2]
0 0 0 0 0 ) 15
ens Aduenbel4 875 Adusnbeiq ong Asuenbaiy 'ON
ozl 09 L TIdNVS
(SAVQ) INIL FINSOIXT

ONI¥3151718 40 3384930 P1LA0 WISV

_ (NOTAVD) NOISYINII J1LVM 1TVS - NOILVNIVAT 1INVd

‘panunuod ‘v4 olqel




43

USACERL TR 96/87

o€l 0zl oSl

Sl (41} 6¢l

0cl 80l 6pl

87l oLl Syl

oL 2K 4! Syl

£Cl Sel ¢LL

(€% | SIVOD) V101 9-8 JTdAVS

(Z 8 L SIVOD) TVIOL &8 I1dNVS

(% L SIvOD) VIOL -8 I1dAVS

(Z 8 L SIVOD) TVIOI €-8 NdINYS

(€% | SIVOD) TVIOL 28 F1dINVS

(22 L SIVOD) TVIOL 1-8 T1dNVYS

‘AN_| HS3¥d | 11vS STV1O1 31dNVS
£'0L L'6 vzl LT £Z 92 9-8 'ON T1dAIVS
8'8 68 6'LL LT £2 0?2 S8 'ON I1dAIVS
G'6 08 zL Gz 8z LT ¥-8 'ON I1dNVS
0oL 9'8 9Lt 8T VT 6T £-8 "'ON T1dAVS
06 6'6 £LL 0'¢ 92 ze Z-8 'ON J1dWVS
L'ot L'tl vl 22 vz o€ -8 "ON F1dINVS
AN | He3dd | 1vs || A'n | Hs3dd | 1vS ‘AN Hs3dd | 11vs STIN “SSINNDIHL W1 AdG
DA ssiaineq D8 ssigmeqy INFNCINS3
%02 SUON ONINNIHL
£2L BIND/ETL 1850y zL:end/zl ‘esog SUFFANN HOLVE DNILVOD
une(d 1SDIQ OLUM NOILIANOD 31vH1SaNS
4004 1.0/ RINLVIIIWIL
%95 %9G Hel
S6/0L/S G6/9/S 31Yq
NOILYDI1ddY
%0T 00.€ ON WINWIXOW “ONINNIHL
Liy 4 L'g SOV ONIXIW
SIW GG-8 SiiW p-g A "SSANXNDIHL Wl G3ANIWNODR]
Jo¢/ @ SINOY -y 40CL ® SINOY pg 1vOD3 OL WNININ FNIL ONIAIG
SUON PoJp|s SUON JNIL NOILDNANI
4.2, ® SIN0Y g do¢/ B SINCY § (pajpieedo0UN) 341 10d
—106/5q19°0] oB/saI Z1'C (PBUUIUINY DOA
%Ch %E ~/+ %L Sanos % IANTOA
Buo1 3 isjeex Buo g Jejee) ARINLOVANNYIA

{ewnou3 Budoang 4/s| 0092 "ON JeWld USR] Uiz plios
00G¢E AXOd-1ojo) L1-L AXCd-10jO) ‘T’ SNILYOD
1IvOD Qag LVOD ONZ 1vOD ISt VY1va WALSAS ONILYOD

ONO1 % ¥31330) $O3dS ONIVOD 1§31

‘WwalsAs Ax0d-10|0) Joj elep 1S8] ‘Gg a|qel




USACERL TR 96/87

44

L ol-€l 9-8
0 9L< g8
Z 9L-¢i -8
"165 sIy Ul sieund |Ib Jo BUMOjIeA 8qoiepisuoD si aiek} 'sInoy 2/9 1y L oL-gl £-8
"1l OF BUUIBSq s} 8qUSs BUOD BUjIDOD ¥ LS Z8
*seBpe 6qds 0] pauUDD S| BULSS)g , 'Sebp8 equds 0} PauUoD 810 SINOY p7e | JD SI)sigd [ /S i-g
"SDBID PagUIsUN 3y} Ut punoy siajs)|q oU aID aisy] Buyoy [V 'ON
sebpe aquos auy Buolp i IN0Y Z£9 10 GANE PUD GANS * LANS sieund uo Bupeysig SANOH 8892 - INIL RINSOLXT FdWVS
'SINFAWOD 38108 WORH FOVJIRID NYIW
oL o ot 0 ot 0 ol 0 ol 0 ol 0 9-8
oL 0 ol 0 oL 0 ol 0 ol 0 oL 0 S8
oL 0 oL 0 oL 0 ol 0 ol 0 ol 0 v8
oL 0. ol 0 oL 0 ol 0 oL 0 0ol 0 £8
oL 0 ot 0 oL 0 ol 0 oL 0 oL 0 Z8
oL 0 ot 0 ol 0 ol 0 oL 0 oL 0 ]
Buyoyl | peioi% | Buyoy | peloi% | Buyoy | pelrd% | Buyoy peipd% | Buuoy | pelrd % Buyoy | pelird % ‘ON
8892 9L0Z el zL9 9¢e 891 TIdNYS
(SUNOH) INIL RINSOAXT - VIRIY QIFRIDOSNN
SINIWNOJIIANT FAISOHIOD Ol A31DIrans SNIWIDIdS AILVOD 4O NOIUYNIVAT - ¥S91Q WISY
oL %L00> ot %L0G> oL %L0'0> ol %100> 0l %L0'0> ol %L0'0> 9-8
oL %100> ot %L0'0> 0oL %L0'0> ol %l0'0> ol %L00> oL %L0'0> S8
oL %10'0> oL %L00> oL %L0'0> 0l %L0'0> ol %10'0> oL %L0'0> -8
oL %l0'0> oL %L0'0> oL %L0'0> ol %10'0> 0l %100> oL %L00> £8
0oL %l0'0> oL %L00> oL %L0'0> ol %L0'0> ol %L0'0> oL %L00> Z8
0l %L0'0> ol %L0'0> 0l %L0'0> 0ol %10'0> 0ol %L0'0> oL %L0'0> )
PRI SN[ paism % [BPOID Isny| Peisny % |epnIS Jsnil| paism % |9ppIS) Isny| Peisny % |epDID 15ny| Paisny % [OPRIO 4SNd| PN % ‘'ON
889 | 9L0Z el T8 9e¢ 891 I1dNVS
(SUNOH) JNIL RINSOAXT
ONLSNY 4O 3334930 0190 WISV
Z d v 4 2 ] 4 d 0 0 0 0 9-8
z anw v 4 12 d 4 4 0 0 0 g S8
v W 8 d 8 4 0 0 0 0 0 0 -8
z W 4 d 9 4 0 0 0 0 0 0 £8
9 4 0 0 0 0 0 0 0 0 0 0 Z8
4 W 4 ] 4 4 4 ] 0 0 0 0 1-8
ozs Aousnbei o715 Aousnbalq ErS Asusnbai ez|s Aduenbailq Er Aouenbel oz [Aousnbal ‘'ON
889C 9102 rrel TL9 9¢¢ 891 IIdNYS
(SUNOH) 3NIL RINSOdXT
ONINLSITE 40 333493A v1LA WISY
_ (ONOT® 331330} NOISTHON¥d/ A’ - NOUYNTVAI 1INVd

‘panunuod ‘sg a|qel



45

USACERL TR 96/87

0 9l< 98
0 91< S8
0 9L< Y-8
0 Ql< €8
0 91< 28
0 i< L-8
Buyoy ww ‘'ON
UOISOLOD BAIOD 1YBNoJYL (POIsNL) USXOIQ OU ING “SDSI0 PEgUIsUN Uo sioislig () SAVQA 021 - IAIL RINSOIXT J1dVS
‘SINFWNOD JRIOS WO IDVJIRIO NVIW
0 [7AS ol 0 oL 0 98
8] G/< Ol 0 (o] 0 S8
0 G/< ol 0 Ol 0 V8
g GL< 0l 0 Ol 0 £-8
0 GL< o]} 0 ol 0 8
Q @) Gi< ot 0 o]} 0 -8
Buyoy P9IIDH % Buyoy pPalbd % Buyoy| policd % ‘ON
[v/4] 09 L F1dNVS
(GAVQA) FNIL RINSOXT - SYRRIV AIGRIOSNN
SINIWNOAIANT JAISOYHOD Ol A31DIreNs SNIWIDILS AILvOD 40 NOILVNTVAI - #5914 WISV
o] %L0'0> 0l %L0'0> o]} %L0'0> 98
Ol %L00> Ol %Ll0'0> ot %L0'0> g8
0l %10'0> 0l %10'0> oL %l0'0> V-8
o] %L0'0> 0l %L0'0> o]} %L0'0> £8
o] | %10'0> 0l %L0'0> ol %L0'0> 28
0l %10°0> o] %L0'0> Ol %L0'0> -8
SpRID Isny| paisny % BP0IY 15Ny posne % BPLID SNy palsNe % ‘'ON
021 09 L JTdNVS
(SAVQD) JNIL NSOdX3T
ONILSNY 4O 3349340 0190 WISV
4 a 9 a 0 0 98
[4 a 9 an 0 0 Sg-8
[4 a 9 qa 0 0 -8
Z a 14 N 0 0 £-8
[ d Q an 0 0 8
[4 ad 9 qa 0 0 -8
oz8 Aouenbaly EYS Aousnbel4 o8 Aousnbaiq 'ON
0cl 09 L FdNVS
(SAVQ JIL RINSOIX3

ONI3ISIE 40 334O3a v1Ld NISY

(ONOT B ¥3133N) NOISYIWINI JILVM HSIAS - NOILVNIVAT ANV

‘panunuod ‘g9 9|qel




USACERL TR 96/87

46

0 QL> 98
0 91> S8
0 91> V8
0 oL> €8
0 o> Z8
UOISOLIOD BA}OD UBNOILJ UsYoIq J0U Jnd ‘SosID paquasun Uo siejsiig (9) 0 o> 1-¢
"SIOS|I JOPUN UOJSOLOD YOD|] BAIOD Buloy Wil ‘ON
‘esUep p# 9204iNs BUIIDOD JO %00 JOAO 5184SI|ql SI0 SIS} ‘SADP OZ | 4V SAVQA 021 - FNIL R-INSOdX3 J1dINVS
SINJANOD 39RIDS WORD 3DVYdIFRID NYIN
ol G/< oL 0 0l 0 9-8
o] G/< 0l 0 Ot 0 g8
oL A (o] 0 Ot 0 v
oL G/< 0l 0 (o] 0 £-8
ol g/< 0l 0 ol 0 8
_ 0l @ s/< 0l 0 oL 0 1-8
Buyoy| P3Iod % Buyoy Poliod % Buloy Paliod % ‘ON
074} ) 0% L J1dINVS
(SAVQ) INIL RINSOXT - SYRRIY A3GRIDSNN
SLNFWNOJIIANT JAISONNOD Ol AILDIraNns SNINIDIAS GILVOD 4O NOILYATVYAI - ¥591a NISY
8] %L0'0> 0L %10'0> 0l %10'0> 98
oL %L0'0> 0l %L0'0> o] %l00> S-8
o]} %L0'0> 0l %10'0> o] %L0'0C> r8
o]} %L0'0> 0l %L00> 0L %l0'0> £8
OL %L0'0> 01 %10'0> 0l %10'0> 8
o]} %L0'0> 0L %10'0> Ol %L00> -8
SpRID SNy P3SN % OP0IY Jsny poeysny % opPRIY sy pasny % ‘ON
014} 09 L J1dNVS
(SAYQ) JNIL RINSOJXT
ONIISNY 4O 333493a 0194 _Zk
v a 8 a 0 0 98
v d 9 Al 0 0 g8
|4 a 8 an 0 0 78
v a 8 Al 0 0 £8
|4 a 8 an 0 0 (]
|4 a 8 N 0 0 18
o2 Aouenbalq o218 Aouenbely ozs Aousnbol4 ‘ON
ocl 09 L J1dNVS
(SAVQ) FNIL RINSOdXT
ON¥11SE 40 334934 v1.20 WISV
_ (ONOT 2 A3133)) NOISHININI 4ILVM 1TVS - NOLLVNIVAI 1INV

‘panunuod ‘g9 9|qel




47

USACERL TR 96/87

ol L'yl A4 (€ B 2’1 SIVOD) VIOL 9-€L TIdAVS
zel ol 12l (€82 L SIVOD) VIOL S-€L TIdAVS
0'Sl g€l 1L (€221 SIVOD) WIOL r-£l TIdAYS
g0l gyl gLl (€8 2’1 SiVOD) VIOL £-€1 T1dAVS
G'El L1'gl 44 (€82 1 SIVOD) WIOL Z-€L TIJAVS
8'cl gzl ozl (€821 SIVOD) VIOL L-€L TIdJAYS
‘AN _[ HIdd | 1vs SIVIOL 1N VS
§'9 £y g'e £e vy L'z v v's 99 9-€1 'ON T1dAVS
oy v Z¢ ¢ oY Ve 0's 8'q g9 S-€1 ‘ON T1dAVS
0s v g'e vy L'y [ 9'G S'g 89 ¥-€1 "ON T1dAVS
60 L€ g'e X3 LS 9L L's L's L9 £-€1 "ON T1dAVS
L'y g'e 9'C vy 9'c 0 0 09 9'G Z-€1 "ON TdAYS
v 9'¢ 9'¢ oy v'e &'l 9G g9 g9 1-€L "ON T1dAVS
AN | Hs3d | 1vs | AN | Hs3dd | Ivs | A | Hs3ud | 1vs STIA ‘SSINJIDIHL W3 AdQ
DA ssiameq| O8I ssiaiaed Dg ssiqunedt INJININSI
suoN] SUON BUON SNINNIHL
o|qibe] 1oN] oo |oN ejqibe JoN SHIGANNN HOLvE ONILYOD
Axod3] 1ewlild 0LdS DdSs}: NOILANOD JLvelsans
FEY Y FEA RINLVAIANGL
) %LS %Ly H
go/8L/L S6/LL/L S6/vLiL 31vg
. NOWLVDIddY
ocoz— BUON SUON WINWIXDP ‘“SNINNIHL
0| 1 i SOV ONIXIN
S| G-¢ sjiw G-¢ SIW 9-g AQ 'SSINMOIHL W14 QIANIWNODR
4.6/ ®SINOY 8L-gL 4.5/ @ sinoy g1-Z| 4G4 ® s$inoy g|-ZL}- LYOOFI OL WNININ JAIL ONIAIG
48/ ® $9jnUIL Og) 4 oG/ @ SeINUIW O 3 o5§/® SOINUIL 0E-G JAIL NOILDNANI
1.0/ ® SINOY 9 1.0, @SINOYQ 464 @ 5iN0Y 9 (pejpieleconun) 3411 10d
usAlS) JON| UBAIS) JON USAIS) JON {PeulIYuUN) DOA
%289 %eL 89 % [+ %SG SANOs % INNTOA
qQInD-Al0d QI0D-Ajod qioD-Ajod ARINLOVANNYIN
£'€8 MOW £'¢8 MOW £'65 MoW
Axod3 epiwpAiod] Axod3 epiubAiod BUl03 o U7 'A'L ONILYOD
1VOD Q¢ I 1VOD aNZ 1YOOQ IS1 Y1va WILSAS ONILYOD
| (GAVD-A10d) $I3dS ONILVOD 1531

"walsAs Axoda queDd-A|od Jojelep 1sal "9g a|qel




USACERL TR 96/87

48

ol 0 o€l
oL 0 Gel
L z-1 &l
L Z1 g€l
ol 0 zet
0l 0 ¢t
Buliby wiw ‘ON
SANOH 8892 - INIL RINSOIXT TIdWVS
'SININWOD FARIDS WORI IDVITIO NVIN
ol 0 oL 0 ot 0 oL 0 oL 0 oL 0 o€l
ol 0 oL 0 oL 0 0oL i ol 0 oL 0 €l
ot 0 0oL 0 oL 0 0oL 0 ol 0 oL 0 rEl
ol 0 ol 0 oL 0 0l 0 ol 0 oL 0 £El
ol 0 Ol 0 oL 0 ol 0 oL 0 ol 0 zel
ol 0 ol 0 ol 0 ol 0 ol 0 ol 0 el
Buioy | pelbi% | Bupoy | pelbi% | Bukod | pellod% | BuWoy | peliod% | Buiod | peibi% | Dukoy | pelbd % "ON
8892 9102 el ZL9 98 891 FIdAVS
(SANOH) INIL RINSOIXT - VRIV GIERIDSNN
SINIWNOUIANT JAISONIOD O AILOIMANS SNIWIDIAS AILVOD 40 NOIVYATYAI - ¥591d WISY
oL %100> oL %L0'0> ol %L0'0> ol %L0'0> oL %10'0> oL %L0'0> g€l
il %L0'0> ol %L0'0> ol %L0'0> ol %L0'0> ol %100> oL %L0'0> gl
ol %10'0> ol %100> ol %10'0> ol %L0'0> ol %L00> oL %L0'0> el
ol %100> ol %L0'0> ol %L0'0> ol %L0'0> ol %L0'0> ol %L0'0> £-el
oL %L0'0> ol %L0'0> ot %l0'0> ol %L0'0> ol %10'0> ol %L0'0> Zel
ol %10'0> ol %10'0> ol %10'0> ol %L0'0> ol %10'0> oL %10'0> L€l
PRIS) JSNY| Peisny % [PPRID JsN¥| Peisny % [oPRI 1sy| Peysnd % [epois jsnil| peisna % PRDIS Jsnill Peisny % [epris) isny| peisnd % "ON
8892 [ oL0Z el zl9 | 9ee 891 JANYS
(QRANOH) INIL RINSOdX3
ONIISNY 40 334934 0190 WISV
0 0 0 0 0 0 0 0 0 0 0 0 9-¢l
0 0 0 0 0 0 0 0 0 0 0 0 s¢l
0 0 0 0 0 0 0 0 0 0 0 0 [
0 0 0 0 0 0 0 0 0 0 0 0 g€l
0 0 0 0 0 0 0 0 0 0 0 0 sl
0 0 0 0 0 0 0 0 0 0 0 0 L€l
8zI8 Aduenbel4 az15 Asusnbely s Aouenbelq azs Aduenbey ez Asusnbey ezIs Aduanbaly ‘'ON
8892 9L0Z el ) oce 89t TdNVS
(SANOH) JAIL FAINSOIX3

ONRIAISNE 40 33493a viLd WISV

{8V D-AT0d) NOISTHO¥/'A'N - NOILVNTVAI 1INVd

‘panunuod "9g ajqel




49

oL 0 o€l
oL 0 g€l
ot 0 v€1
ot 0 g€l
ol 0 z¢l
0Ol 0 L€l
BulDy] Yy "ON
SAVQ 021 - INIL RINSOX3 I1dNVS
'SINSWNOD| __ 38RIDS WO¥H FOVdIRID NVIW
0ol 0 oL 0 oL 0 o€l
oL 0 oL 0 oL 0 g€l
ol 0 ot 0 ol 0 vl
0oL 0 ot 0 oL 0 e-€L
ot 0 ol 0 oL 0 Z€lL
ot 0 ol 0 ol 0 €L
Buyoy pelind % Buyoy palied % Buyoy| POl % "ON
0zl 0 i TdNVS
(SAVQ) INIL RINSOdXT - SYRIV QIFRIDSNN
SINIWNOAIANT JAISONNOD OL @3LD3rans SNIWIDIAS GILVOD 10 NOLLVNIVAT - 75910 WISY
oL %10'0> ol %L0°0> 0oL %L00> 9-€l
oL %10'0> oL %L0'0> oL %L0'0> g€l
0oL %L0'0> ol %L00> oL %L0°0> el
ot %10'0> ol %L00> oL %L0'0> g€l
oL %10'0> oL %L0'0> oL %L0'0> £l
Ot %10'0> ol %L0'0> oL %L0'0> L-€1
SpDIS JSNe PoIsN % 2pDIS) 15N paysn % oppIS ISy pajsny % "ON
02l 0] L IdNVS
(SAVQ) INIL IINSOdXT
ONILSNY 4O 333934 0190 WISV
0 0 0 0 0 0 o€l
0 0 0 0 0 0 S€L
0 0 0 0 0 0 [
0 0 0 0 0 0 £-gl
0 0 0 [ 0 0 ztl
0 0 0 ! 0 0 L-€1
azs Aouenbal azIs Adusnbaiq EYS Adouenbsl4 ‘ON
0zl i3] L IdNVS
{SAVQ) INIL IINSOXT

ONI3ISITE 40 333930 Y144 WISY

| (AYD-A10d) NOISYIWNI ¥3LVM HS3Ad - NOILVNTVAT 1INVd

USACERL TR 96/87

‘panunuod "9g 9|qel



USACERL TR 96/87

50

oL 0 o€l
oL 0 G€el
oL 0 vEl
oL 0 €€l
oL 0 ¢€l
oL 0 L€l
Bunoy ww "ON
SAVYQ 021 - AL 38NSOdX3 JdNVS
SINGWANOD]  38RIDS WORH 3DVEITRIO NVIN
oL 0 ol 0 ot 0 9-€l
o] 0 oL 0 ol 0 S€l
ot 0 oL 0 oL 0 el
0t 0 oL 0 ot 0 £l
ot 0 oL 0 ot 0 g€l
ol 0 _ oL 0 ol 0 L€l
Buod polD4 % Buyoy polivd % Bupoy pPaiind % ‘ON
(14} [0, L J1dNVS
(SAVQ) JNIL RINSOdXT - SYRIVY JIFRIDSNN )
SINJWNONIANT JAISONNOD Ol @ILOIrans SNINIDIAAS AILVOD 40 NOILVNTVAL - #591d WNISY
0ol %l00> ol %l00> oL %L00> o€l
0l %L0'0> oL %L00> oL %L0'0> S€l
o]} %L0'0> oL %L00> oL %l00> el
ot %L00> oL %LO0> oL %l00> €l
0ol %L00> oL %100> oL %10'0> Z€l
o] %L0'0> o] %10'0> oL %L0'0> L-€1
OpDIY shy poeisny % epRIS sny paisny % OpDIY {sny pofsny % ‘ON
oclL 0.4 L F1dINVS
(SAVQA) NI RINSOXI
ONILSNY 1O 33¥O30 019Q NISY
0 0 0 0 o] 0] €l
0 0 0 0 0 0 g€l
0 0 0 0 0 0 el
0 0 0 0 0 0 el
0 0 0 0 0 0 o€l
0 0 0 0 0 0 L€l
ozs Aduenbei4 ozs Aduenbeaiq ozs Aousnbal4 'ON
oclL 0.4 L F1dNVS
(SAVQ) INIL RINSOdX3 )

ONR3ISNG 40 33¥O3IA v1LA NISY

| (SAVD-A10d) NOISYINWI 3ILVM 11VS - NOULVNTVAI 1INV

‘panunuod "9g 9|qel




51

USACERL TR 96/87

Gol 8'Gl LYl (€821 SIVOD) WIOL 9-6 TIdNVS
1'Z1 09! oGl (€2 2’1 SIVOD) VIOLG6 TdINVS
6yl 891 06l (€221 SIVOD) TVIOL -6 TIdINVYS
861 Syl Ll (€221 SIVOD) VIOL £-6 TTdINVS
Gt 87l 8el : (€821 SIVOD) VIOL -6 TIdNVS
6/t £91L L'9L _ (€821 SIVOD) IVIOL 1-6 TIdINYS
‘An Hs3dd | 1Ivs _ v S1V1OL F1dNVS
A4 oS vy 89 9'G £g G'g zS oS 9-6 "ON T1dINVS
9'c o'y £'G 08 g'9 g's £'g 9oy g’y S-6 "ON I1dNVS
L€ G'g 6'c 8¢ 09 £9 v's £'S g’y ¥-6 "ON J1dINVS
9oV ey 9'¢ z9 v's £9 0's 8y 8’7 _ £-6 'ON J1dAVS
Ly &'t g'e 6S v'o 8'g zs Sy Sy 26 'ON J1dINVS
6'S 8q 'S 89 7S g'q s L'S A L-6 'ON J1dNVS
‘AN HS3dd | 1vS ‘AN HS3¥4 | 1VS AN HS3¥d | 11vS - STIN ‘SSINIDIHL W1H AdG
DdW ssiqliaed] D9 ssiained| D sslalneq INFNDINDI
N3N 4 .08 04 [IPnbe 1o ubyy wmwﬁ Y3 4 408 0} [onbe Jo upyy sss|| 3N 4 08 O} Ionbs 1o upyy ssey ONINNIHL
G9620T6 ©IND/G96MOT ‘esog G96D0TH/GI6MOTE ‘OSOH|  BAL98/8VEIE:1SHO/S63 1 99VE-RIND/8W698:950g) SUIFNNN HOLVYE ONILVOD
Axod3] Jewd 0L DdSs NOILANOD 31v¥1Sans
4.0/ 4089 489 FAINIVAIDNIL
%95 %85 %85| H
S6/0L/S 66/6/5 G6/8/G} : ETR'Ze
NOILYDIddVY
S00-0-65¢'} S00-0-662' MIN J 508 O} [onbe Jo Ubyj sse| WNWIXON *ONINNIHL
AUO M| AO IIX AlUO i) SOILV DNIXIN
sliw /-G siw /-5 Sjiwi g-¢ AQ ‘SSANMDIHL IWTH QIANINWODRI
1oL, ®SINOYZ| 404, ®SINOY g} do/L ®SINOY i 1YODRRI OLNNININIAN JNIL DNIAAG
4-44 @ SOINUIW OF 1 oL/ @ SOINUIW O 4.4/ @ SOINUIW 0 JAILL NOILDNANI
104/ ®SINOY QL d0// ® $INOY 0L 4o/l ®SINOY G (pejpiejeoo0nun) 3417 10d
106/50] 78'C 1o6/5a1 78°Z ioB/sal /52 (PeUUIYIUN) DOA
%8S %89S BP9 SANOS % INNTOA
SWID(IM UMIayg| SUIDIIIM UMmueys SWIOIIM UIMIBUS ARINLDOVINNYW
[Buyoos Axode spiwAjod ping yBiH| Buypoo Axods spiwpAjod ping yBiH]  Jewd Axode you-ouiz sBoyond z v
M 8IND Uy M 8InD Wiey Al Po[D duiZ ‘q'I ONILVOD
1vOD qae 1vOD aNZ 1V0D ISL n___ V1va W3ISAS ONIVOD
i (SNVITIIM NIMIIHS) $D3dS ONLLYOD 1§31

‘wa1sAs Axoda swel||Ip-UIMIBYS 10} BIEp 1S91 /4 3|gel



USACERL TR 96/87

ol} 0 9-6
ol 0 G-6
Ol 0 -6
ol 0 €6
Ol 0 26
_0l 0 -6
Buyoy| ww ‘ON
SHNOH 8892 - INIL RINSOJX3 T1dAVS
SINFAINOD 3GRIDS INORI 3OV dIFID NVIN
8] 8] ol} 0 (o]} 0 oL 0 ol 0 Ol 0 96
Ot 0 o]} 0 (o]} 0 o] 0 ol 0 Ol 0 G6
Ol 0 0l 0 o]} 0 o] 0 0Ol 0 o] 0 -6
o] 0 Ol 0 o]} 0 0l 0 0l 0 Ot 0 £-6
oL 0 ot 0 o] 0 oL 0 o] 0 Ol 0 (Ao}
oL 0 oL 0 oL 0 o] | 0 oL 0 0] 0 1-6
ldczcw_ poeiind % mczow_ PoIo % | DuLoy | Poioi% | Buioy | Peiod% | Buuod | pellod% | Budod | peied % ‘'ON
8892 L0Z el 29 9¢E 8oL FdAVS
(SANOH) JNIL RINSOXT - YRIV GIFRIOSNN
SINFNNOYIANT JAISONIOD Ol A31DIrdNs SNINIDAAS AILVOD 4O NOILVATVAT - #5914 NISY
oL %L0'0> o] | %l0'0> o] %L00> ol %L00> ol %L00> oL %100> 9-6
ol %L0'0> oL %L0'0> o]} %10'0> o] | %L00> oL %L0'C> oL %10'0> G-6
0L %L0'0> oL %L0'0> o] %100> ol %100> ol %L0'0> o] %10'0> -6
01 %L00> Ol %L0'0> 8] %l00> o]} %10°0> o]} %L00> 0Ol %L0'0> €-6
Ol %10'0> Ol %L00> oL %L00> o] %10'0> oL %L00> Ol %L0'0> ¢-6
Ol %L0'0> 0l %L0'0> oL %100> Ol %10'0> o]} %L0'0> Ol % 100> 1-6
PRIO SNel| POISNR] % PPRID 1SNy Peisny % PPOID ISNy] Paisny % PP IS Paisnd % BRRIS isnyl Paisy % PPRIS isny| paisny % ‘ON
889¢ 9L02 el L9 9ee | 891 JdINVS
(SANOH) FNIL RINSODX3
ONIISNY 40 334930 0190 WISV
0 0 0 0 0 0 0 0 0 0 0 0 9-6
0 0 0 0 0 0 0 0 0 0 0 0 S-6
0 0 0 0 0 0 0 0 0 0 0 0 V-6
0 0 0 0 0 0 0 0 0 0 0 0 £6
0 0 0 0 0 0 0 0 0 0 0 0 26
0 0 0 0 0 0 0 0 0 0 0 0 1-6
azIg Kouenbaly azIg Aousnbsi 87215 [Aousnbey ez [ousnbeid ez8 Lousnbe azi5 Kousnbai ‘'ON
889¢C 9102 el ZL9 9ee 891l F1dINVYS
(SANOH) JNIL R—INSODXT
ON431SEe 40 13493a v1 LA NISY
_ (SHVITIIM NIMEIHS) NOISIHO¥d/'A'N - NOILYNTVAI 1INVd

52

‘penunuod /.4 9lqel




53

USACERL TR 96/87

ot 0 -6
0L 0 S-6
ol 0 7-6
oL 0 €6
ol 0 26
oL 0 L6
BUOY W "ON
SAVA 02l - 3NIL RINSOdX3 J1dNVS
SINFAWOD 3ARIDS WO IDVEIIIO NVIW
oL 0 oL 0 ol 0 6
0ol 0 oL 0 ol 0 G-6
oL 0 oL 0 ol 0 v-6
o]} 0 Ot 0 oL 0 £-6
8]} 0 ol 0 ol 0 26
Ol 0 oL 0 0]} 0 1-6
Buoy peiibd % Buyoy peied % Bugoy] poibd % "ON
octL (0,2 L J1dINVS
(SAVAQD) FNIL RINSOXT - SYRIV QIFIRIDSN
SINFJWNOUIANT JAISONNOD O1 A3103rdns SNIAWIDOIdS AILVOD 40 NOLLYNTVAI - #5910 WISY
oL %L00> oL %L0'0> oL %10'0> 96
oL %L0'0> oL %L0'0> Ol %10'0> G-6
oL %L0'0> o] %10'0> ol %10'0> 7-6
o] %100> 0l %10'0> o]} %10'0> £-6
oL %L00> oL %10'0> o]} %L0°0> 26
oL %10'0> Ol %10'0> Ot %L0'0> L-6
Op0IS SNy pPaisn % BPRID ISy peisny % 8pDIY sy polsne % ‘'ON
0cl 103 L J1dNVS
(SAVQA) JNIL RINSOIXT
ONHSNA 40 334930 0190 WISY
0 0 0 0 0 0 96
0 0 0 0 0 0 g6
0 0 8] 0 0 0 V-6
0 0 0 0 0 0 £-6
0 0 g 0 0 0 6
0 0 0 0 0 0 1-6
ezIs Aousnbaly oz Asuenbel4 ozIg Adusnbel4 ‘ON
0dl 09 4 J1dINVS
(SAVQA) INIL RINSOIX3
ONIY31SE 30 33493A vi LA NISVY
] {SIVITIIM NIMJIHS) NOISYININI 33LYM HSJd4 - NOIIVNTVAS 13NVd

‘penunuod /.4 9lqel




USACERL TR 96/87

54

o] 0 9-6
oL 0 S-6
ol 0 7-6
Ol 0 £-6
0l 0 26
0l 0 1-6
Buyoy W “ON
SAVA 021 - AN RINSOIX3 J1dINV'S
SINJAWODL  J8RIDS WORID 3DVdIFRID NVIN
oL 0 oL 0 Ol 0 9-6
Ol 0 o] 0 Ol 0 g6
, Ol 0 0L 0 o] 8 o -6
Ol 0 o] 0 Ol 0 £-6
ol 0 [0l 0 ol 0 6
_ ol 0 ol 0 _ oL 0 L-6
Buyoy| palIod % Buyoy polod % Buyoy peliod % "ON
(04} 09 L JIdNVYS
(SAVQD) JNIL RINSOXT - SYRIV QIGRIDSNN
SINFIANOYIANT JAISONYOD OL AILOIrdns SNIWIDIAS aILvOD 4O NOILVNIVAI - ¥59L4 WISY
ot %L00> oL %L0'0> o] %L0°0> 9-6
0l %L00> oL %10'0> ol %L0°0> G-6
0l %l00> oL %10'0> o] %L0'0> -6
Ol %L0'0> Ol %L0'0> Ol %10'0> £-6
oL %10'0> o]} %10'0> Ol %10'0> 26
Ol %t00> Ol %10'0> Ol %L0'0> 1-6
OpRIS SNy poasne % SpDID fsny pasnd % 8pDIS SNy pesny % ‘ON
0cl 09 L JdINVS
(SAVQ) JNIL FINSOIXT
ONIiISNY 40 334934 0194 WISV
0 0 0 0 Q 0 96
0 0 0 0 0 0 G-6
0 0 0 0 0 0 -6
0 o) 0 0 0 0 €6
0 6] 0 0 0 0 <6
0 0 0 0 0 4] 1-6
EV Aousnbeld azIg Aousnbai a8 Aousnbeiq ‘ON
074} 09 L J1dNVS
(SAVQ) AL RINSODX3
ONRILSIG JO 334934 v1La WISV
| (SINVITHM NIMEIHS) NOISYIWIWI 331V LTVS - NOLLYNTVAT 1INVd

‘penunuod /.4 9lqel




USACERL TR 96/87

55

This publication was reproduced on recycled paper.

USACERL DISTRIBUTION

Chief of Engineers
ATTN: CEHEC-IM-LH (2)
ATTN: CEHEC-IM-LP (2)
ATTN: CECG
ATTN: CECC-P
ATTN: CECC-R
ATTN: CECW
ATTN: CECW-EE
ATTN: CECW-O
ATTN: CECW-P
ATTN: CECW-PR
ATTN: CEMP
ATTN: CEMP-E
ATTN: CEMP-C
ATTN: CEMP-M
ATTN: CEMP-R
ATTN: CERD-C
ATTN: CERD-ZA
ATTN: CERD-L
ATTN: CERD-M
ATTN: CERM
ATTN: DAEN-zC
ATTN: DAIM-FDP

US Army Engr District
ATTN: Library (40)

US Army Engr Division
ATTN: Library (11)

CEWES 39180
ATTN: Library

CECRL 03755
ATTN: Library

Naval Facilities Engr Command
ATTN: Naval Facilities Engr Service Center 93043-4328

Nat'l Institute of Standards & Tech
ATTN: Library 20899

Defense Tech Info Center 22060-6218
ATTN: DTIC-O (2)

Tenneesee Valley Authority
Brazos River Authority

Federal Highway Administration
US Bureau of Reclamation
Bureau of Mines

86
1/96



	Foreword
	Contents
	List of Tables
	1  Introduction
	Background
	Objectives
	Approach
	Scope
	Mode of Technology Transfer

	2  Testing Procedures
	Test Coating Application
	Selection of Test Methods
	Salt Water Immersion
	Fresh Water Immersion
	Cyclic Corrosion Weathering

	3  Results and Discussion
	Salt Water Immersion
	Fresh Water Immersion
	Cyclic Corrosion Weathering
	Analysis of Variance
	Significance Testing and Rank Order Performance
	Modes of Degradation and Failure

	4  Conclusions and Recommendations
	Conclusions on Coatings Systems
	Conclusions on Test Methods
	Recommendations

	References
	Appendix A:  Manufacturers of Coatings Tested in This Study
	Appendix B:  Raw Data for In-Laboratory Coating Tests

