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SIMULATION OF BURST PROTECTION WITH
ANSYS LS-DYNA AND OPTISLANG

Using ANSYS LS-DYNA and optiSLang,impact simulations were conducted for the proper design of burst protection
walls made of reinforced concrete in turbomachinery test facilities.
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Fig. 1: Geometry of fragments (schematic illustration)

Non-linear resistance of reinforced concrete under impact
load

The description of the non-linear resistance of reinforced
concrete is based on the normative specifications in DIN EN
1992 [3] with consideration of [4] for non-linear methods
(see section 5.7). The material properties of the concrete
and reinforcing steel according to [3] are used for the re-
spective concrete or reinforcing steel class, as well as the
partial safety factor for resistence yR = 1,1 required for ac-
cidental design situations.

However, the normative specifications still need to
be extended for this transient dynamic impact anaylsis.
Regarding concrete and reinforcing steel, a strain rate-de-
pendent increase in strength can be particularly observed

under impact load. Among other things, this effect was an-
alyzed for concrete in [5]. In order to take this effect into ac-
count in the FE analyses, the strain rate-dependent increase
of concrete compressive strength is considered according to
the CEB recommendation for concrete with a compressive
strength of 50 MPa, specified in [5]. The correlation can be
seen in Fig. 2.

For concrete, the elasto-plastic LS-DYNA material mod-
el * MAT_PSEUDO_TENSOR with Mode II.C. (“Tensile failure
plus damage scaling”) [6] is applied. Therein, the shear fail-
ure of the concrete is described by an elliptical flow condi-
tion and the softening by means of a damaging function.

The non-linear material behavior of the steel is rep-
resented by the LS-DYNA material model * MAT_PIECE-
WISE_LINEAR _PLASTICITY [6]. The strain rate dependence
is derived according to [7] with a strengthening coefficient
of about 1.15 at a strain rate of 10 s™. A multilinear stress-
strain curve is defined, taking into account a softening
caused by the effect of reinforcing steel necking. If a failure
strain of 6% is reached, the elements become deleted from
the system (eroding).

Finite Element simulation model

The burst protection walls made of composite reinforced
concrete are represented by a discrete, spatial modeling of
concrete and reinforcing steel. Steel bars were chosen for
the reinforcement of the burst protection walls. The con-
crete is discretized by volume elements, the individual rein-
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forcing bars by means of beam elements. A complete bond
between reinforcing steel and concrete is assumed and
implemented in the FE model by the use of equal nodes of
the concrete’s solid elements and the beam elements of the
reinforcing steel.

The finite element model (FE model) is shown in Fig. 3.
For the design of the burst protection walls, the FE model
is parametrically created, thus the wall thickness, the rein-
forcement ratio, the type of concrete, the place of impact, as
well as the load parameters of the fragment can be varied.

Fig. 3: Double-symmetrical FE model of the burst protection wall; 1-frag-
ment, 2-reinforcement

Definition of boundary conditions

The horizontal load transfer of the burst protection walls is
via the floor and transverse walls, as well as over the cover
plate (at test stand 1) or the ceiling (at test stand 2). In the FE
model, the effects regarding the cover plates on the booths in
test stand 1 are idealized by two limit states (two analyses).
In the first analysis, the burst protection wall is assumed to
be supported by the cover plate perpendicular to the surface
of the wall. Thus, a four-sided supported wall is applied in the
finite element model. The impact position of the fragment is
defined vertically and horizontally in the center of the burst
protection wall, as this is assumed to be the worst-case im-
pact position for a four-sided supported wall.

In the second analysis, the supporting effect of the cover
plate is unconsidered, which is represented by a three-sided
supported wall in the FE model. Here, the impact position of
the fragment is located vertically on the upper edge (unsup-
ported edge) and horizontally in the center of the burst pro-
tection wall, which is assumed to be the worst-case impact
positions for a three-sided supported wall.

Those booths of the test stand 2 which are all covered
with a ceiling are represented by a four-sided supported
wall in the FE model. The impact position of the fragment
is applied analogously to the first analysis at test stand 1

vertically and horizontally in the middle of the burst protec-
tion wall. Corresponding symmetry conditions are used de-
pending on the applied double-symmetrical or half model.
The load on the burst protection walls results from the
mass mpg, and the initial speed Vg g, of the fragments. The
initial speed is derived from a translational energy, which is
fully generated by the rotational energy of the fragment.

Simulation of design variations

During a first variant study, both the wall thicknesses from
150 mm to 500 mm as well as the reinforcement ratio are
incrementally increased in order to determine the small-
est thickness that is still capable of preventing fragments
from punching through the wall. In addition, constructive
boundary conditions (e.g. bar diameter, bar spacing, con-
crete cover) are considered in these analyses.

The analyses reveals that the impact position of the
fragment has no relevant influence on the results. This can
be explained by the conservation of momentum and the
much higher mass of the burst protection wall compared to
the fragment.

Fig. 4 Sample plots for the state of final deformation regarding an impact
area located in the middle and at the upper edge

Sensitivity analysis

As a part of the sensitivity analysis, four parameters are var-
ied which describe the shape as well as the kinetic energy
of the fragment:

« the speed of the rotor, i.e., the translatory speed
- the radius of the fragment

- the height of the fragment

« the mass of the fragment

The sample selection was carried out with ANSYS-optiSLang
by using Latin Hypercube sampling. This method generates
uncorrelated, uniformly distributed input variables cover-
ing the specified variation ranges.

The aim of the sensitivity analyses of both test stands is
to identify the initial kinetic energies of the fragments when
the burst protection walls of the test cells are about to break
or chipping starts on the off-load side. For this purpose, re-
sponse values of the penetration depth of the fragment and
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of the maximum kinetic energy are determined. In addition,
a visual examination of the damage is done by evaluating
the plots from the off-load side of the wall. The wall is con-
sidered to be inadmissibly stressed if it shows damage on the
back side (stripped, accelerated fragments).

Some results are exemplarily shown in Fig. 5 and Fig.
6. The variation of the maximum penetration depth (pa-
rameter maxU) is influenced by the variation of the three
input parameters mass, height and speed. As shown in Fig.
5 top, mass has the greatest influence with 53.5%, followed
by speed with 33.1% and height with 19.8%. However, the
variation of the radius has no relevant influence on the
variation of the penetration depth. The results also indicate
that the loading on the wall does not depend on the stiff-
ness of the fragment but on its impact area. Fig. 5 bottom
shows the Metamodel of Optimal Prognosis (MOP) for the
maximum penetration depth as a result of the sensitivity
analysis. The penetration depth (maxU) tends to decrease
if the impact area (height of the fragment) rises. The influ-
ence of the height for smaller fragments is nearly linear. For
a fragment mass approximately higher than 3 kg, the influ-
ence of the height shows exponential characteristics.

Fig. 6 shows the determined correlation between pen-
etration depth and kinetic energy. Using these results, the
plant operator is also capable of verifying future samples
and load scenarios with regard to their impact on the de-
mands of burst protection.
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Fig. 5 top: Prognosis measures CoP of the penetration depth (maxU) com-
pared to the input parameters; bottom: Metamodel of Optimal Prognosis
(MOP) to visualize the dependence of the fragment’s penetration depth re-
garding the load parameters vand m
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Fig. 6: Pairwise dependence of the kinetic energy regarding the penetration depth

Summary and conclusions

The presented simulation procedure supports the safe de-
sign of reinforced concrete burst protection walls according
to the requirements of the operator.

Considering the ultimate limit state analysis (DIN EN
1992-1-1: 2011-01, Eurocode 2), a safety related to the ac-
tions on the structure could be determined. Besides a conser-
vative description of the affecting loads, it is of crucial impor-
tance for such tasks to conduct a realistic simulation of the
nonlinear material and crack behavior of the reinforced con-
crete. Here, a sensitivity study indicates the scattering ranges
of load parameters with a sufficient burst protection. These
results support operators of test facilities to quickly estimate
permissible load scenarios for future tests.

Authors //
R. Schlegel, T. Dannenberg, T. Seider (Dynardo GmbH)

Source //
www.dynardo.de/bibliothek/industriefelder/bauwesen
Berstschutzberechnungen mit ANSYS-LSDYNA

RDO-JOURNAL // ISSUE 1/2018

19




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 144
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 144
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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 (ISO Coated v2 \050ECI\051)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads true
      /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /DocumentRGB
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


