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Analysis of Heat Effects on Marine Corps AM2 Mat
Mechanical Properties
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Navy AM2 mats are used as portable aircraft landing platforms for the Short Take-off/Vertical Landing
(STOVL) aircraft operations. This investigation presents the study performed to determine whether the
surface discoloration is a precursor to degradation in the mechanical property of the AM2 mat material.
The red discoloration on the mat surfaces had a clear correlation with the decrease in yield strength,

ultimate strength, and hardness properties.
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1. Introduction

Temporary airfield landing surfaces composed of hollow
plates of Al 6061-T6 alloy are known as AM2 mats (Ref 1-3).
The mats that are exposed to the Short Take-Off/Vertical
Landing (STOVL) aircraft exhibited surface discoloration. Two
AM?2 portable mats (identified as Mat C and Mat D) with
visible signs of discoloration were used for this investigation.
The surface discoloration results from exhaust exposure
reaching high temperatures of 700 °C (1300 °F). This temper-
ature may degrade the mechanical properties of the aluminum
alloy mats, even for short temperature exposure durations
(Ref 1). These mats were used during the evaluation of the
STOVL aircraft during the initial stages of the aircraft
development. There was no clear accounting for the number
of times, or even regarding whether, the aircraft actually
performed vertical takeoffs or landings on those particular mats.
The damage, most likely, is due to the aborted attempts to take
off vertically. An aborted attempt would consist of the aircraft
applying thrust to the engines, but due to some reason not
achieving lift. The relationship between these two mats in the
airfield structure is also not known, nor is the location of the
aircraft on those mats. The study was effective in showing that
there is great potential for damage to the mats from this aircraft,
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a fact that was not known or its extent realized at the time when
the aircraft was in its early stage of development. The objective
of this study is to correlate the discoloration of the mat surfaces
to the mechanical and electrical conductivity properties.

2. Experimental

2.1 Material

AM2 mats are composed of extruded aluminum alloy, 6061-
T6. The typical chemical composition and mechanical proper-
ties are shown in Table 1 and 2, respectively. The AM2 mats
are constructed with vertical spars running parallel to the
direction of extrusion. Integral connectors are welded at each
end of the mat perpendicular to the spars (Ref 1). These mats
are assembled into a brickwork-like pattern to form runways,
parking areas, and taxiways for battlefield aircraft operations.
The dimensions of each mat are 356 cm by 61 cm by 3.8 cm
(144 by 24 by 1.5 in.), and each mat weighs about 65.3 kg
(144 1bs.). The surfaces are also coated with a non-skid epoxy
coating.

2.2 Machining and Labeling Procedure

Fourteen sections were machined, 25.4 by 61.0 cm (10 by
24 in.), perpendicular to the length of each of the AM2 mats.
These sections were cut into bars of 2.54 by 25.4 cm (1 by
10 in.), and then milled into tensile samples of 0.64 cm
(0.25 in.) in thickness as shown in Fig. 1.

The tensile samples (quantity of 475) were machined
parallel to the direction of the internal vertical spars (longitu-
dinal), and 20 transverse tensile samples were machined in the
perpendicular direction. The longitudinal samples were tested
for tensile strength, hardness, and electrical conductivity. The
electrical conductivity tests were performed first, and hardness
values were taken at the grips. The transverse samples were
only tensile and hardness tested. The non-skid coating on the
mat surface was removed (by milling) to avoid any inconsis-
tencies in the amount of percent elongation in the final tensile
testing. Also the bow-shaped undersurfaces of the bars taken
from the top of the mats were milled flat (Ref 1).
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Table 1 Chemical composition of 6061 aluminum alloy
(Ref 4, 5)

Al 6061-T6 Al  Cr Cu Fe Mg Mn Si Ti Zn

wt.% 98 0.04-0.35 0.15-0.4 0.7 0.8-1.2 0.15 0.4-0.8 0.15 0.25

Table 2 Minimum standard material properties
of 6061-T6 aluminum alloy (Ref 4, 5)

Ultimate Yield Hardness
strength, strength, (157)

MPa (ksi) MPa (ksi) %Elongation min. Conductivity

290 (42) 241 (35) 10 80 (a)  40% IACS (a)

(a) Typical values
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Fig. 1 Step-by-step illustration of the milling process

2.3 Testing Procedure

Tensile testing was performed using an Instron 4505
universal testing machine, conductivity was tested using a
Hocking Auto Sigma 3000 tester, and hardness was determined
with the superficial Rockwell 15T scale tester.

3. Results

The data were collected to generate rough color contour
maps. Each cell in the contour maps represents the actual
position of the sample on the mats. The numbers from 1
through 14 on top and from 1 through 13 on the left of the
contour map represents the location of the sample on each mat,
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Fig. 2-6. The black cells are the samples that were not tested.
The remaining cells with numbers represent the tested samples
with their corresponding values according to each test. Above
each contour map is an actual photograph of the AM2 mats
used for this investigation. The top section is shown above, and
the bottom section is shown below it. These photographs
demonstrate the effects of heat exposure on the aluminum
6061-T6’s mats. The AMS mechanical property standards were
used to evaluate the results of Mat C and Mat D, see Table 2.

3.1 Mat C

The following results describe the mechanical properties for
Mat C in regard to the materials yield strength, ultimate tensile
strength, hardness, and electrical conductivity. The results were
shaded and grouped to show a distinction in the properties of
the mat.

Figure 2(a) shows the yield strength results of Mat C. The
top of Mat C shows the lowest yield strength values on the left-
side portion of the mat. The average value of the lowest
grouping (horizontal lines) is 248 MPa (standard deviation of
3.9) which still exceeds the yield strength minimum 220.5 MPa
(32 ksi). The averages of the vertical and downward diagonal
lines areas are 267 and 286 MPa (standard deviations of 5.2
and 4.6), respectively. Figure 2(b) shows the contour plot of the
yield strength from column 1 through column 8 of the top mat.
The contour plot shows no apparent difference in the yield
strength values. The bottom section of the mat was less
affected. This is expected because the top of the mat is directly
exposed to the high temperature exhaust gases. The lower
values correspond to the discoloration of the mat itself.

Figure 3(a) shows the ultimate strength results of Mat C.
The bottom of the mat again is less affected as compared to the
top of the mat. The portions corresponding to the discoloration
in the mat has lower values than the minimum standard (Ref 4),
Table 2. The average value of this section (vertical lines) was
271 MPa (standard deviation of 2.7). Several portions have
values between 261.8 and 289.4 MPa (38-42 ksi) in the top of
the mat, while only few portions have similar lower values at
the bottom of the mat. Figure 3(b) shows the ultimate strength
values from column 1 through 8 of the top mat as a contour
plot. The variation of ultimate strength values of the mat is
more apparent in this contour plot as compared to the yield
strength values in Fig. 2(b).

Figure 4(a) shows the hardness results of Mat C. While the
top of the mat shows a decrease in hardness correlating to the
discoloration on the mat photograph, the bottom does not show
a change in hardness. Some portions corresponding to the
discoloration of the mat have lower values of hardness as
compared to the typical values, Table 2.

Figure 5(a) shows the electrical conductivity of Mat C. All
values are above the typical value. Those high electrical
conductivity values indicate that the mat is not as strong as it
was before being put into use. However, there is no correlation
between the discoloration of the mat and the electrical
conductivity values of Mat C since the results are uniform
throughout the mat.

Contour plots for the hardness and conductivity of Mat C can
be seen in Fig. 4(b) and 5(b), again from column 1 though
column 8 of the top mat. The most affected area for the hardness
in Mat C (horizontal lines) has an average value of 79 (standard
deviation of 0.74) while the most affected area for the conduc-
tivity of Mat C (vertical lines) is 46.5 (standard deviation 0f 0.06).
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Fig. 2 (a) Yield strength of Mat C (measured in MPa). (b) Contour plot of yield strength of Mat C (MPa)
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Fig. 3 (a) Ultimate strength of Mat C (measured in MPa). (b) Contour plot of ultimate strength of Mat C (MPa)
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Fig. 5 (a) Conductivity of Mat C (measured in %IACS). (b) Contour plot of conductivity of Mat C
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3.2 Mat D

Figure 6(a) shows the yield strength results of Mat D. Much
like Mat C in Fig. 2(a), the light areas show a decrease in the
properties of the mat in comparison to the remainder of the mat.
The bottom of the mat appears to be affected as well, although
not to the extent as that of the top. The most affected area of
this mat (vertical lines) has an average value of 268 MPa
(standard deviation of 5.9) which is above the minimum
standard, 220.5 MPa (32 ksi). Again, a contour plot of these
data is shown in Fig. 6(b).

The ultimate strength and hardness value results are similar
to those of Mat C but slightly higher in values. The reason is
that Mat D has less discoloration as compared to Mat C. Again
the conductivity values are similar to Mat C and uniform in
both the softer and harder areas. As a result, they could not be
correlated with the color discoloration of the mat.

The 20 samples in the transverse direction were tested to
determine their yield strength, ultimate strength, and hardness
values. There was no significant difference (anisotropy) in
testing in the transverse direction as compared to the longitu-
dinal direction.

3.3 Percent Elongation

The percent elongation is not included in this article because
many tensile samples broke outside the gauge length. Hardness
measurements on both grips of these samples indicated that
these samples broke adjacent to the grip of lower hardness.
Optical microscopy on the grips indicated that the lower
hardness grips had larger grains as compared to the grains of
the higher hardness grips. These results are similar to those
observed by Prietto et al. (Ref 6).

4. Discussion

A feasible solution to avoid the potential damage of the
STOVL aircraft is to apply thermal coatings on them. Wilhelm
et al. (Ref 2) studied the effect of eight different combinations
of coatings, which were applied on the AM2 mats to evaluate
which coating/s was/were best suited for use on mats exposed
to exhaust from STOVL aircraft. Mats coated with NiAl bond
coating, Al,05-ZrO, heat resistance coating, and NiCr-SiC
non-skid coating outperformed other coating combinations.
Further testing was carried out on these coatings with varying
thicknesses to optimize their performances (Ref 7).
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5. Conclusions

Based on the investigation, we conclude that

1. The visible discolorations on the surfaces of the AM2
mats correlate to the drop in yield strength, ultimate
tensile strength, and hardness. However, the electrical
conductivity values remain the same.

2. The decreases in yield strength values are within the
minimum AMS requirements.

3. The decreases in ultimate strength values in some
portions are below the minimum AMS requirements, and
the decreases in the hardness values are also below the
typical values.

Acknowledgments

This study was funded by the National Science Foundation,
NSF, Grant No. EEC-0353668, Research Experience for Under-
graduate (REU) site.

References

1. N. Aizpuru, D. Le, J. McDonald, L. McLennan, S. Tewfik, E-W. Lee,
D. Piatkowski, J. Foyos, J. Orgen, and O.S. Es-Said, The Effects of
Flash Annealing on the Mechanical and Electrical Properties of Pre-
viously Used AM2 Mats Composed of Al 6061-T6, Eng. Fail. Anal. J.,
2005, 12, p 691-698

2. C. Wilhelm, G. LaCaille, N. Wright, N. Ward, C. Shu, C. Vinquist,
E. Lee, D. Piatkowski, J. McLennan, J. Ogren, and C. Kumor,
Mechanical Properties and Microstructure Characterization of Coated
AM?2 Mats Exposed to Simulated Thermal Blast, Eng. Fail. Anal. J.,
2009, 16, p 1-10

3. C. Maldonado, D. Diaz, J. Ranallo, R. Painter, W. Dahir, D. Hassouna,
B. Gayer, E. Toss, I. Martinez, P. Stoyanov, J. Ogren, E.-W. Lee,
D. Piatkowski, J. Hilty, and O.S. Es-Said, Evaluation of the Effects
of Powder Coating Cure Temperatures on the Mechanical Properties
of Aluminum Alloy Substrates, J. Mater: Eng. Perform., 2009, 18(1),
p 70-78

4. Aerospace Material Specifications, SAE AMS-QQ-A-250/11, 1997, p 3

5. Hardness and Conductivity Inspection of Wrought Aluminum Alloy
Parts, AMS 2658, 2003

6. M. Prietto, M. Tsang, S. Hernandez, J. Roepke, D. Piatkowski, E. Lee,
P. Stoyanov, J. Ogren, and O.S. Es-Said, The Effects of Heat Damage of
Aluminum 6061-T6 AM-2 Mats and High Power Run-Up Anchor,
submitted to Eng. Fail. Anal. J., under review

7. C. Wilhelm, “Evaluation of AM2 Mats Thermal Barrier Coating
Exposed to Simulated Vertical Take-Off and Landing Aircraft Engine
Exhaust,” M.S. thesis, Loyola Marymount University, Los Angeles, CA,
2008

Journal of Materials Engineering and Performance



	Analysis of Heat Effects on Marine Corps AM2 Mat Mechanical Properties
	Abstract
	Introduction
	Experimental
	Material
	Machining and Labeling Procedure
	Testing Procedure

	Results
	Mat C
	Mat D
	Percent Elongation

	Discussion
	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


