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Abstract 
A recently developed pick-up truck has a unique bed structure which includes an under bed storage system.  This 
truck bed and storage system design is made of sheet molded composite (SMC) material.  SMC is a composite 
material where chopped glass fiber is laid on a poly(vinyl)ester sheet and run through a compaction process.  SMC 
sheets are then loaded into a press to mold the desired part.   During the molding process, certain design features 
such as molded-in ribs can cause the random orientation of the glass fibers to become directional, causing non-
homogeneous material properties in the final product. 
 
A finite element material model of the SMC material was developed using material tests performed on flat SMC 
specimens and SMC specimens with molded-in ribs.  This paper presents the details of the SMC material model 
development and application of the model to static and impact strength simulations on the truck bed design.  The 
truck bed design did not include molded-in ribs, as simulations showed these ribs would crack during impact 
requirement tests.  Furthermore, simulation was able to validate the final design prior to test without having to re-
work the tooling. 
  

 
Figure 1:  This figure shows a finite element model of the final truck bed design.  This model was used to simulate 
impact and static strength requirements prior to the creation of mass production tooling. 
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Introduction 
A new pick-up truck on the market is built using a ladder frame structure integrated into the 
unibody, rather than the typical body-on-frame structure.  This vehicle also has a four-wheel, 
fully independent suspension system.  This underbody layout allows for the design space to 
include a unique under-bed storage system.  For this design, steel was not considered an option, 
due to cost, weight and manufacturability.  An alternate material was needed that could 
accommodate the more complex truck bed design.  This new material needed to be dent and 
corrosion resistant, as well as meet the manufacturer’s impact and static strength requirements 
for a truck bed. 
 
Sheet Molding Composite (SMC) is a sheet material that consists of randomly oriented glass 
fibers imbedded within a heat curable resin.  SMC was selected as the material for the truck bed 
since it was lightweight and could be molded into the desired shape.  Use of SMC also allowed 
the impact and strength requirements of the truck bed to be achieved.  The LS-DYNA [1] 
“*MAT_PLASTICITY_WITH_DAMAGE” (MAT81) material model was chosen to represent 
the SMC during finite element simulations as this material model allows for damage to be 
considered as well as failure based on plastic strain. 
 
SMC is essentially isotropic in the plane of the sheet due to the random orientation of the glass 
fibers.  Certain design features, such as molded-in ribs can cause directional orientation of the 
glass fibers.  In these highly detailed features, the fibers align themselves during the 
manufacturing process.  The LS-DYNA MAT81 material model was also used to represent these 
features; however, different material properties were applied in order to account for the variation 
expected due to the directionality of the fibers.  The properties for the LS-DYNA material 
models were developed by testing small specimens and then correlating LS-DYNA simulations 
models to match the test results. 
 
Impact and strength requirements were validated by building small test parts which represented 
certain areas of the final design intent for the truck bed.  Impact and static strength tests were 
performed on these parts in tandem with LS-DYNA simulations of the same test.  This process 
allowed for a damage scale to be defined that related plastic strain values present in the LS-
DYNA models to the visual damage observed in the actual test parts. 
 
The result of this effort drove the design away from features such as molded in ribs, and any 
other highly detailed molded-in feature, to a structure which included bonded steel ribs that also 
serve as the mounting structure for the truck bed to the body.  This final design was then tested 
when prototypes of the truck bed were available, and no major problems were found relating to 
the impact strength of the truck bed. 
 

Material Model Development 
Flexural testing of flat SMC specimens was performed in order to develop the material model.  
Figure 2 shows the test setup schematically, while Figure 3 shows typical test results. 
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Figure 2:  This figure shows a schematic diagram of the flexural test setup that was used to determine the base 
material yield properties of SMC. 

 
Figure 3:  This figure shows test data from a typical flexural test series. 

 
As shown in Figure 3, there was a significant amount of variability in the flexural test data.  The 
intent was to model the part as a homogenous material so the test data was averaged to obtain a 
reference curve that could be used to determine the material properties for the simulation model. 
 
Once the flexural test curve was averaged to best represent the material of the final test part, a 
simulation of the same test was performed.  The simulation model was correlated to the test by 
adjusting the MAT81 material properties of the Young’s modulus (E), the tangent modulus 
(ETAN), the plastic strain at which the material begins to soften (EPPF) and the plastic strain at 
failure (EPPFR).  Figure 4 shows the results of this correlation with the reference test curve. 
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Figure 4:  This figure shows the correlation of the final simulation model to the averaged flexural test data. 

 
Effect of Design Features 

One of the advantages of SMC is that small design features can be molded into the part.  In 
particular, reinforcing ribs can be molded from the flat sheet during the compaction process.  A 
simple tool was manufactured so that test specimens with different rib designs could be 
evaluated.  Flexural testing was performed on these specimens with molded-in ribs and new 
LS-DYNA simulations were performed.  Figure 5 shows one of these simulations.  
 
It was found that if the material properties that were derived from tests on the flat specimens 
were also used for the rib in the new simulation models, the simulation models did not correlate 
well, as shown in Figure 6.  Thus, the material properties for the ribs had to be created separately 
so that the simulations would correlate.  For this particular case, the Young’s modulus and the 
yield strength for the rib material was reduced by approximately 50%. 
 
In order to understand why the rib was so weak compared to the base material, the resin was 
burned off of the test piece, and the glass structure was examined.  Figure 7 shows one of the test 
specimens before and after the resin was burned off.  When the resin was burned off, it became 
apparent why the molded in rib was considerably weaker than the base SMC.  During molding, 
as the glass fibers get extruded into the rib, they become oriented vertically along the rib.  
Figure 8 shows the same test specimen from different angles.  Also shown in Figure 8 is the 
presence of a resin-rich area at the root of the rib.  This resin-rich area would further reduce the 
strength of the product that was designed to use molded-in ribs.  
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Figure 5:  This figure shows the simulation of the flexural test of SMC with a molded in rib.  As expected, the 
maximum effective plastic strain is at the bottom of the rib.  The rib also has much weaker properties than the base 
SMC material. 

 

 
Figure 6:  This figure shows the force-stroke correlation of the simulation model of molded in rib flexural test.  The 
baseline model used the same material properties for the top and the molded rib, while the correlated model used 
updated material properties for the rib. 
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Figure 7:  This figure shows the molded in rib before (A) and after (B) burn-off of the resin.  Note how the glass 
fibers get folded into the rib during the molding process. 

 

 
Figure 8:  This figure shows how the glass fibers tended to align vertically during the molding process (A).  This 
reduces the strength of the rib in the horizontal direction.  Also shown is how a void at the base of the rib is created 
during molding, further reducing the strength of the product around the root of the rib. (B)  

After burning off the resin, it became evident that different material model properties were 
necessary for the rib and the base SMC material.  It was also found that different rib designs 
required different material properties since the flow of the glass fibers into the rib was dependent 
on the geometry of the rib.  As shown in Figure 6, using the same material properties that were 
developed for the flat SMC sample in the rib portion of the design would significantly over-
predict the strength and impact performance of the design.   
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One final concern for the molded-in ribs was the resin rich portion at the bottom of the rib that 
occurs because the glass fibers get folded into the rib during molding.  Without glass fibers to 
reinforce this area, the impact toughness of the rib would be reduced at the bottom of the rib, 
which is where the maximum stress occurs during loading.  Once a crack was initiated at the 
bottom of the rib, it lost its effectiveness in stiffness, impact, and strength.  Since the truck bed 
was required to withstand impact loading, molded in ribs were not included in the final design.   
 
 

Impact Testing and Simulation 
The actual impact test criteria for the truck bed are qualitative in nature, and are based on the 
visual appearance of the truck bed after drop testing was performed.  Impact damage such as 
cracking, blistering and fiber tearing in the SMC would determine whether the test was 
successful.  Determining the presence of such failures through the use of simulation was 
problematic, so a method that related the effective plastic strain in a simulation to SMC damage 
in a component level test was derived.  The component test piece was manufactured to represent 
the design intent of the floor of the in-bed storage system.  This test piece matched the final 
design in material thickness, overall dimensions and other basic design features.  Figure 9 shows 
the component level test and the simulation model of the same test. 
 

 
Figure 9:  This figure shows the component level drop test that was used in conjunction with simulation to 
determine the safe levels of effective plastic strain that could be present in the final part, for a successful test. 

 
In order to quantify the visual judgment criteria established early on during testing, a rigid test 
fixture was dropped from various heights to establish damage levels that were acceptable, 
marginal, and unacceptable.  Based on the results of these drop tests, the damage present when 
the rigid fixture was dropped from 500 mm was determined to be acceptable, while the damage 
present at a drop of 575 mm was unacceptably severe.  The LS-DYNA simulation model shown 
in Figure 9 was used to perform the same drop tests from heights of 500 mm and 575 mm.  The 
effective plastic strain values at the top and bottom surface of the SMC was used to define a 
damage scale that could be used to judge the final truck bed design at critical locations.  Figure 



Crash/Safety (3) 9th International LS-DYNA Users Conference 

11-8 

10 graphically shows the judgment criteria that were developed using the component level tests 
and simulations.  These same criteria were used within simulations that directed the final truck 
bed design during development, prior to the production of tooling.  Figure 11 shows one of the 
drop test simulations being performed on one of the potential designs for the underbody storage 
system in the truck bed. 
 

 
Figure 10:  This figure shows the damage scale that was created based on observed effective plastic strain at the 
upper and lower surface integration points of drop-test simulations.  

 
Figure 11:  This figure shows an impact simulation being performed on one of the potential designs for the under 
body storage system for the truck bed. 

 
 

Quasi-Static Strength Analysis 
Another consideration for the truck bed design was to protect against damage when large objects 
with small footprints, such as appliances, were loaded onto the truck bed.  These requirements 
range from a no yielding requirement, to no functional loss, to a severe usage requirement which 
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protects against sudden failures.  Figure 12 shows the test specimen that was used for this 
analysis.  The specimen was similar to that used for the impact analysis; however, steel cross 
members were bonded to this test piece in order to represent the construction of the floor of the 
truck bed.  The test specimen was loaded through a 30 mm diameter rigid tool.  A simulation of 
the static strength test was created and compared to the test results.  The yield point was found to 
correlate well between the simulation and the test.  The failure load from the test was noted and 
the effective plastic strain in the simulation at the same load was used as a judgment criterion for 
other static strength simulations that were performed on the complete truck bed model.  Using 
the same plastic strain values obtained from the small scale tests, the final design of the truck bed 
construction was validated using simulation, prior to the creation of mass production tooling.   
 

 
Figure 12:  This figure shows the quasi-static component level tests that were performed on the lid of the truck bed, 
and the truck bed floor.  Contours of displacement are shown for the simulation, along with the load-versus 
displacement curves from the test and simulation. 

 
 

Conclusions 
In this paper, a methodology was presented to develop a material model that would adequately 
validate the design of a truck bed constructed from SMC.  Because the impact and strength 
performance of SMC is highly dependent on the design, the judgment criteria used for the 
simulation model were developed by using small test pieces that represented critical components 
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of this final design.  It was relatively inexpensive to construct these test pieces, and they were the 
link relating the test performance to the simulation model.  The judgment criteria were then used 
during simulations that evaluated the truck bed design as a whole.  This allowed the simulations 
to shape the final design so that no major problems were found relating to the impact strength of 
the truck bed. 
 

Acknowledgments 
Thanks to Dennis Chung, Alex Hutter, Robb Augustine, Jim Ryan, and other members of the 
research team for supporting this work. 
 

References 
[1] Livermore Software Technology Corporation (LSTC), LS-DYNA Keyword User’s Manual, Version 970, (2003) 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


