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Abstract. To protect the troopers, it is important to consider the assessment of hazardous areas 
inside the military vehicle. For armored vehicles, the design, analysis, and test of explosive seat 
protection are significant to ensure the trooper survivability. Particularly, we note that the 
significant factor affecting the trooper survivability is ability of trooper seat to absorb shock 
generated by the explosion. Therefore, this research focused on the allegorize between blast 
simulation method and blast approximation method of armored vehicle. A crucial step for armored 
vehicles design is to analyze the pressure caused by the explosion. However, the blast simulation 
method does not always provide accurate results. To ensure that the models are reliable, the 
purpose of this research is to determine and compare the results between the created model and 
the theory. Results showed that the simulation models provided the force that affects the vehicle 
similar to the theoretical-based method. The simulation model designed can be developed and 
applied to design the various components of the armored vehicle to predict the blast behavior. 
Keywords: blast finite element, blast, blast analysis, finite element, blast simulation. 

1. Introduction 

During the explosion of an Anti Tank (AT) mine or Improvised Explosive Device (IED) under 
a military vehicle, significant impulse loads generated are transmitted to the occupant through the 
vehicle-occupant interfaces such as the floor and seat. If these loads are not attenuated to 
survivable levels, it normally leads to fatality of the occupant. Armor plate of a vehicle is 
insufficient to protect the occupant against land mine explosions and thus, protective techniques 
need to be investigated. 

Previously, Puasopis and Charoenphon [1] studied the designed trooper-seated attachment. 
The designed seat attachments were analyzed using the numerical simulation to investigate 
conditions and variables that impact the trooper survivability. Charoenphon, Veeraklaew and 
Ridluan [2] studied the explosive effect under the vehicle by optimizing the underneath 
configuration. The objective is to calculate the optimal angle of the v shape that can reduce the 
blast pressure wave. However, the influence of blast pressure wave transmitted to the trooper seat 
is subjected to further analysis.  

One concept applied is an Energy Absorbing Seat Mechanism (EASM). For EASM concept, 
the occupant is protected against the shock pulses by absorbing the kinetic energy of a mine blast 
through the elastic and/or plastic deformation of various energy absorbing elements thereby 
attenuating acceleration pulses transmitted from the vehicle structure to the occupant to survivable 
levels. However, there is currently no effective energy absorbing seat mechanism in use in US 
Army ground combat vehicles. The alternative way is to design the seat attachment that avoid the 
high load area.  

Therefore, the present research focuses on the mine blast prediction using approximation 
method and the numerical simulation. For approximation method, the normal reflection pressure 
of bursting air and impulse to pressure is predicted and applied to simple structure analysis using 
finite element method while the mine blast simulation is performed using Autodyne. In both case, 
the mine blast is realistically simulated by prescribing acceleration pulses to the structure that 
imparts the same response to the structure as an actual land mine explosion directly underneath an 
infantry vehicle. The stresses of seat are simulated by each case of seat attachment that was 



COMPARATIVE BLAST STUDY OF SIMULATION AND APPROXIMATION METHOD OF ARMORED VEHICLES.  
PIANGPEN PUASOPIS, ATTAPON CHAROENPOL, ARTIT RIDLUEN 

 © JVE INTERNATIONAL LTD. VIBROENGINEERING PROCEDIA. SEP 2015, VOLUME 5. ISSN 2345-0533 533 

designed. The data such as displacement, pressure, and stress are collected during the simulation 
and analyzed for injury assessment. Only the contact interface of the occupant and seat is focused 
upon in the first part.  

2. Research methodology 

2.1. Blast finite element model using autodyne 

To reduce the computational resources in the simulation, the 500 mm×500 mm×700 mm mild 
steel 4340 seat was fixed by the three design cases of seat attachment including top, rear, and 
bottom attachments.  For each case the seat are fixed by the brackets within the armored body, 
1,500 mm Rolled Homogeneous Armored (RHA) steel as shown in Fig. 1. The explosive material 
was allocated under the armored body. This is due to diminish the effect of ground which can 
reflex the pressure and interfere with the remaining pressure wave. Then the explosive was started 
and the blasting pressure wave impacted the armored body. The explosive was TNT which mass 
5,000 g and set under the body at distance 500 mm. The first simulation took with rear brackets 
followed by Bottom Brackets and finally, the top brackets. The results of simulation would be 
compared together.  

 
Fig. 1. Simulation condition 

For the mathematic model of explosive material, the EOSJWL [2] model was enough to 
improve the accuracy of the result compare to the EOSGAM [2] which is good for fine mesh and 
large explosive distance. EOSIG [2] is good for explosive problem from chemical reaction until 
the end of blast. The analysis time was 4 microsecond to initially observe the trend of blast 
pressure wave and reduce the computational time. 

In order to analyze, the stress distributed and deformation on the seat of each case were 
introduced. This indicates that the lowest deformation value exhibits a better design.  

2.2. Blast analysis by approximation method 

The interaction between fluid and structure in this case of explosive analysis is the pressure 
loading on the armored body. The load then transfers to the seat in the duration of time. To 
approximate the seat deformation, the side pressure is firstly calculated. When this pressure hit 
the face of armored body, it will transfer to the seat by passing brackets and then converting to be 
reflection pressure which is the loading act on the seat and the deformation can be calculated by 
the simple static structural finite element model. 

According to TM 5-1300 [3] the side on pressure of free air burst can be determined step by 
step as follow: 

Step 1. Hopkinson-Cranz scaling distance, ܼ. 
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ܼ ൌ ܴܹଵ/ଷ ൌ 0.500	mሺ5	kgሻଵ/ଷ ൌ 0.292 m/kg1/3, (1)

where ܴ distance between structure and explosive (m), ܹ charge weight (kg). 
Step 2. Determine side on pressure, shock front velocity, impulse. 
Positive shock wave parameters for a spherical TNT Explosion in free air at sea level, are 

shown in Figure 2. 

 
Fig. 2. Positive shock wave parameters for a spherical TNT Explosion in free air at sea level 

ௌܲை ൌ 96.526 Bar: side on pressure, ܷ ൌ 3,048 m/s: shock front velocity, ܫ௦ ൌ 11.70 Bar·ms: 
impulse during positive phase. 

Step 3. Determine the normal reflection pressure of bursting air, ௥ܲ. 
Assuming the burst is an ideal gas with ߛ ൌ 1.4 and atmospheric pressure ௔ܲ௧௠ ൌ 10.1 Bar, 

we can find ௥ܲ, [4]: 

௥ܲ ൌ 2 ௌܲை ൅ ሺγ ൅ 1ሻ ௌܲைଶሺγ െ 1ሻ ௌܲை ൅ 2γ ௔ܲ௧௠ 						ൌ 2ሺ96.526	Barሻ ൅ ሺ1.4 ൅ 1ሻሺ96.526 Barሻଶሺ1.4 െ 1ሻሺ96.526 Barሻ ൅ 2ሺ1.4ሻሺ10.1 Barሻ ൌ 527.35 Bar. (2)

Step 4. Determine time of pressure loading at positive phase of burst pressure ௥ܶ. 
From Fig. 3 we can determine the impulse of reflect pressure ݅௥ ൌ 0.171 bar·s, [5]. 
By the relation of impulse to pressure we can determine ௥ܶ as, [6]: 

௥ܶ ൌ 2݅௥௥ܲ ൌ 2ሺ0.171	Bar∙sሻ527.35	Bar ൌ 0.00064 s ൌ 0.64 ms.	 (3)
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Step 5. Calculate armored body deflection by simply structural finite element model. The 
pressure profile of blast can be approximated by triangular shape of pressure and time as shown 
below, this is the loading which act on the structure. 

 
Fig. 3. Normally reflected blast wave parameters for spherical charge of TNT 

Fig. 4. Blast analysis by approximation method 

3. Results and discussion 

After the explosion had been started, the incidence pressure wave generated travels like a 
shockwave in the sphere shape. The pressure wave reached the armored body as shown in Figure 5. 
The figure show MIS.Stress (kPa) of each time. The pressure is transmitted through the armored 
vehicle hull throughout the vehicle components.  

4. Conclusions 

As noted, this paper focused on the comparison between the mine blast simulation suing 
Autodyne and approximation method. We concluded that both methods provide the satisfied 
results. However, the experiment is necessary to confirm the reliability of prediction results. 

In addition, the behavior of transmitted pressure passed throughout the vehicle component 
particularly the seat attachment location and the seat was studied and investigated. The results 
demonstrated the distribution patterns of stress and displacement throughout the hull and seat 
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structures led to the effective design of seat attachment location to maximize the trooper 
survivability by minimizing the deformation. 

The top attachment location is the best design compared to the front and rear ones. However, 
the severe damage of the seat was observed, because of the effect of vehicle floor deformation 
that results in the direct contact between floor and seat allowing transmitted pressure from 
underneath.  

 
Fig. 5. Simulation Result (TNT off at 0.49 ms) 

Acknowledgements 

The authors would like to acknowledge Defence Technology Institute for Computational 
Resources. 

References 

[1] Piangpen P., Attapon C. Trooper seat attachment design and analysis. International Conference on 
Power and Energy Systems Engineering, 2014 

[2] Attapon C., Tawiwat V., Artit R. Suitable plate deflection angle to reduce blast strength for armored 
vehicle. International Conference on Natural Science and Environment, 2014. 

[3] Dytran 2013 Theory Manual. MSC Software Corporation, United State of America, 2013, p. 84-89. 
[4] Structures to Resist the Effects of Accidental Explosion. Departments of the Army, the Navy, the 

Airforce, TM 5-1300, United State of America, 1990. 
[5] Chock Jeffrey M. K. Review of Methods for Calculating Pressure Profile of Explosive Air Blast and 

its Sample Application. Virginia Polytechnic Institute, United State of America, 1999. 
[6] Mays G. C., Smith P. D. Blast Effects on Buildings. Thomas Telford, London, 1995. 
[7] Ngo T., Mendis P., Gupta A., Ramsay J. Blast Loading and Blast Effects on Structures – an 

Overview. EJSE Special Issue: Loading on Structure, EJSE International, 2007. 
[8] Boyd Stephen D. Acceleration of a Plate Subjected to Explosive Blast Loading-Trial Result. DSTO 

Aeronautical and Maritime Research Laboratory, DSTO-TN-0270, Australia, 2000. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /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 false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 <>
    /DEU <>
    /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.)
  >>
  /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 [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


