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Abstract 
 
This thesis describes the development of a simulation model of the Offset Deformable 
Barrier, ODB. The barrier is used in Euro NCAP’s frontal offset crash test and mainly 
consists of a hexagonal aluminium cellular solid called honeycomb. 
 
The main object was to create a material model in LS-DYNA representing the material 
characteristics of honeycomb. The honeycomb structure is mainly used in energy absorbing 
lightweight structural components because of its high-energy absorption properties and high 
strength-to-weight ratio. The orthotropic nature of the honeycomb demands extensive material 
testing to be fully described in LS-DYNA   
 
An ODB manufactured by a supplier to Euro NCAP was purchased and physical crash testing 
in Gestamp Hardtech’s crash test facility has been used to ensure that the simulation model 
correlates with reality, regarding to force vs. intrusion.  
 
A simulation model of the Offset Deformable Barrier was successfully developed. The 
simulation model showed good correlation to the physical tests. The simulation model will 
later on be used to evaluate the performance of different bumper designs at Gestamp 
Hardtech, Luleå. 
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1. Introduction 
 
The Offset Deformable Barrier, ODB, is a part of Euro NCAP’s frontal offset crash test.  
A simulation model of the ODB will be developed to make it possible for Gestamp Hardtech 
to perform simulations of the frontal offset crash test as a tool to analyze and evaluate 
different bumper designs.  
 
There already exists simulation models of the ODB available for purchase on the market. The 
material models suited for describing honeycomb in LS-DYNA has been improved over the 
years and there are several ways to model the ODB with slight difference in properties and 
performance. The reason why Gestamp Hardtech has choosen to develop their own ODB is to 
learn and preserve the knowledge and understanding of the ODB within the company. 
 
The ODB consists of two energy absorbing aluminium honeycomb cores with different 
material properties. FEM-simulations of the actual honeycomb geometry requires numerous 
finite elements and an advanced mesh . Processing a simulation of that kind demands heavy 
cpu-usage and time.  
 
To solve this problem a material model applied on a solid block that then acts as a honeycomb 
core will be developed. The material model will be validated using Gestamp Hardtech’s crash 
test facility, Figure 1.  
 
 

 
Figure 1. Validation of simulation model at Gestamp Hardtech’s crash test facility. 

 
The material model of the honeycomb has to meet the following demands: 
 

• Represent the orthotropic behaviour of the aluminium honeycomb material, different 
material properties or strengths in different orthogonal directions 

• Endure heavy plastic deformation during crash test simulations 
• Be applicable on solid elements 
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2. Theory 
 
To fully understand the guidelines and facts this thesis work is based on, the following theory 
chapters are necessary. 
 

2.1 Frontal offset crash test 
 
The frontal offset crash test performed by Euro NCAP represents a typical head-on collision 
involving two vehicles weighing the same and travelling at 50 km/h in opposite directions, 
[6]. In the actual test the car travels at 64 km/h with 40 % of the total width of the car 
impacting a stationary Offset Deformable Barrier, Figure 2. The ODB is displayed in Figure 
3.  
 

 
Figure 2. Frontal offset crash test. 

 

 
Figure 3. ODB manufactured according to ECE Regulation No. 94, European Parliament Directive 96/79/EC, 

and the updated American Standard FMVSS 208. 
 
The test results are based on the vehicles structural design and dummy injury measurements 
of the driver and a passenger. The front bumper of the vehicle is an essential part of the results 
as it is the first component to impact the barrier and whose purpose is to absorb energy.  
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2.2 ODB composition 
 
The ODB consists of five individual parts manufactured by two different types of materials, 
see table 1. The parts are assembled using adhesive, Figure 4. Complete information about the 
ODB can be found in appendix 1.  
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2
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Adhesive 

 
Figure 4. ODB composition. 

 
Table 1. Material of ODB components 
Component: Main block 

(1) 
Bumper 
elements (2) 

Cladding 
sheet (3) 

Bumper 
facing sheet 
(4) 

Back plate (5)

Material: Aluminum 
honeycomb, 
Aluminium 
alloy 3003. 
Crush 
strength 
0.342 MPa. 

Aluminum 
honeycomb, 
Aluminium 
alloy 3003. 
Crush 
Strength 
1.711 MPa. 

Aluminium 
alloy 5052 

Aluminium 
alloy 5052 

Aluminium 
alloy 5052 

 
The total weight of the ODB is 15,26 kg excluding back plate and 19,57 kg including back 
plate. The aluminium 5052 alloy is a well-known isotropic material and easy to represent. The 
two types of honeycomb are on the other hand complex to represent and require 
understanding of the honeycomb structure to explain the characteristics.  
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2.3 Honeycomb 
 
The honeycomb structure is a cellular solid. A cellular solid is an assembly of cells with solid 
edges or faces, packed together to fill space. The honeycomb structure is one of the simplest 
man-made cellular solids. The geometry of the honeycomb structure can vary from triangular, 
square, rhombic to hexagonal cells. The honeycomb structure examined in this project looks 
like the hexagonal wax cells built by honeybees, Figure 5. Man-made honeycomb consists of 
polymers, metals or ceramics, [1]. This project focuses on aluminium metallic honeycomb. 
 
The cellular materials are an important class of engineering materials. Even though they are 
less documented, understood and researched than almost any other class of material. The 
honeycomb structure is mainly used in energy absorbing lightweight structural components 
because of its high-energy absorption properties and high strength-to-weight ratio, [2].   
 
The relative density is the single most important feature of a cellular solid. The relative 
density is a quota between the density of the cellular material and the density of the solid 
material from which the cell walls are made of. The cell walls thicken as the relative density 
increases.   
 

 
Figure 5. Hexagonal honeycomb 

 
The regular geometry of the honeycombs enables the deformation of honeycombs and their 
properties to be more or less exactly described by equations, table 2 and equations 1.0 – 1.3. 
 
Table 2. Hexagonal honeycomb geometry 
 Number of faces, f Number of edges, n  Number of vertices, v 
Hexagonal prism 8 18 12 
 
 
Height = h, Length = l 
 

Aspect ratio,
l
hAr =                          eq 1.0 

 8



 

Cell volume = rAl 3

2
33      eq 1.1 

 

Surface area = )
3

2
1(33 3 rA

l +     eq 1.2 

 

Edge length = )
2

1(12 rAl +      eq 1.3 

 
 

2.4 Deformation of metallic honeycomb 
 
The deformation characteristic of metallic honeycomb is direction dependent. The strength of 
the honeycomb is different in the T-, W- and L-direction.  
 

2.4.1 In-plane deformation, W- and L-direction 
 
In-plane compression of honeycomb, Figure 6, forces the cell walls at first to bend. The 
deformation is linear elastic. The cells collapse beyond a critical strain by plastic yielding, 
elastic buckling creep or brittle failure. Different cell wall materials behave differently. The 
stiffness increases rapidly as the cell collapse ends, cell walls begin to touch each other and 
the structure densifies. 
 
 

σ1 

σ1 

σ2 σ2 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. In-plane compression of hexagonal honeycomb. 
 

2.4.2 Out-of-plane deformation, T-direction 
 
Honeycombs are strongest and stiffest when loaded along the T-axis, out-of-plane loading. 
When compressing the honeycomb the deformation is at first linear-elastic. The elastic 
deformation is followed by plastic buckling and at last crushing or tearing. Out-of-plane 
deformation of metallic hexagonal honeycomb is illustrated in Figure 7.  
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Figure 7. Out-of-plane deformation of hexagonal honeycomb. 

 
 

2.5 Certification testing 
 
According to the European ECE R94, Directive 96/79/CE, the aluminium honeycomb used in 
the Offset Deformable Barriers has to be certified. The certification ensures uniformity of 
crush strength across the barrier.  
 
Eight evenly spaced samples are cut out from the honeycomb block. Seven out of eight 
samples must meet the crush strength requirements for the block to pass.  For more detailed 
information about the honeycomb certification procedure see appendix 2.
 
 

2.6 Field experience of modeling an ODB 
 
According to Paul A. Du Bois, a consultant engineer involved in crashworthiness simulation 
since 1989, it seems impossible to design a fully predictive ODB model due to the many 
different failure mechanisms. 
 
Paul A. Du Bois recommends that material model MAT_MODIFIED_HONEYCOMB is used 
in ODB’s, which is suited for the severe deformation, and he states the following conclusions; 
[3]. 
 
“The numerical modelling of the ODB shows many problems: 
 

• Bumper blocks tend to disconnect from the body because of failure in the adhesive 
• Slipping of the cladding sheet over the block 
• Cladding sheet has a rupture strain that seems of the order 7%, punch through occurs 
• Very high deformation gradients, tear-off shear-type failure in the honeycomb body 

block. 
• Deformation seems chaotic in the experiment 
 

The problem is certainly not limited to a material model for the honeycomb” 
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2.7 Solid elements vs. shell elements 
 
The aluminium honeycomb cellular structure can be modelled as both solid and shell 
elements. Toyota Motor Corporation performed a study to analyze the difference between 
solid and shell elements when modelling aluminium honeycomb for crashworthiness 
experiments, [4].  
 
Simulation of the honeycomb structure represented by shell elements showed a slightly better 
correlation with physical testing compared to solid elements. Applying shell elements reduced 
excessive strength caused by hourglass control for solid elements. However the cpu-usage 
increased by 35 percentage. Modelling the honeycomb by using shell elements require a 
complex mesh.  
 
 

2.8 Material models 
 
There are two material models in LS-DYNA, which are specially designed to represent 
metallic honeycomb, MAT_HONEYCOMB and MAT_MODIFIED_HONEYCOMB. Recent 
studies have shown that MAT_HONEYCOMB overestimates the off-axis strength, [5]. 
 
MAT_MODIFIED_HONEYCOMB were developed by LSTC and Toyota Motor Corporation 
to provide more accurate off-axis strength of the honeycomb compared to 
MAT_HONEYCOMB.  
 

2.8.1 MAT_HONEYCOMB 
 
Material model MAT_HONEYCOMB is suited for describing materials with real anisotropic 
behaviour like foam and honeycomb materials. All normal- and shear stresses can be defined 
separately to describe nonlinear elastoplastic behaviour of the material. The stresses are 
regarded to be fully uncoupled.  
 

2.8.2 MAT_MODIFIED_HONEYCOMB 
 
Five material cards in LS-DYNA define material model MAT_MODIFIED_HONEYCOMB. 
Two different yield surfaces can be defined. The first one specifies nonlinear elastoplastic 
behaviour of the honeycomb for all shear- and normal stresses. The second one specifies the 
effects of off axis loading which is transversely anisotropic. The latter option defines the 
uniaxial limit stress as a function of angle ϕ, strong axis σs

, weak axis σw and volumetric 
strain εvol

, equations 1.4 and 1.5.  
 

)()(sin)()(cos)(),( 22 volwvolsbvoly εσϕεσϕϕσεϕσ ++=    eq.1.4  
 

LCCLCBLCAvoly ++=),( εϕσ      eq.1.5       
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2.9 Null shell elements 
 
To prevent contact problems, null shell elements are often implemented on the contact areas 
of the components in contact. Null shell elements are usually used in simulations with 
components of very different stiffness and they provide a more stable contact between 3D- 
and 2D-elements. Null shell elements don’t affect the results in a simulation in regard to for 
example stress, strain and energy absorption.  
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3. Method 
 
The following subchapters describe the method used to develop the ODB.  
 

3.1 Purchase of the ODB 
 
An Internet search provided a number of manufacturers of ODB’s, for example Cellbond 
Composites Ltd and Plascore INC. The ODB barrier was purchased from Cellbond 
Composites Ltd. A datasheet from Cellbond, appendix 1, was compared to Euro NCAP´s 
regulations to ensure that the ODB produced by Cellbond met the requirements.   
 
 

3.2 Mounting of the ODB 
 
Euro NCAP has a standardized way of mounting the barrier. Euro NCAP’s mounting 
standard, appendix 2, was compared with the ODB specification from Cellbond, appendix 1. 
Gestamp Hardtech’s crash test facility was carefully inspected. The back wall used to mount 
barriers in Gestamp Hardtech’s crash test facility was not adapted to meet the Euro NCAP 
standard way of mounting. Different alternatives on how to mount the ODB were Figured out.  
 
 

3.3 Previously developed simulation model of the ODB  
 
Results in previous simulations performed by Gestamp Hardtech and an OEM of the frontal 
offset crash test were studied. The results of the OEM’s simulation of the whole car consisted 
of a database file showing the offset frontal crash test. The results of Gestamp Hardtech’s 
simulation of a simplified vehicle consisted of a LS-DYNA keyfile and database plots.    
 
 

3.4 Material modeling  
 
To describe the material behaviour of the aluminium honeycomb, extensive testing would be 
required. Compression tests of uncompressed honeycomb in the L-, T- and W direction, 
compression test of compacted honeycomb, plate shear tests in the T-W, T-L and W-L 
direction, Figure 8. Due to the limited time and resources in this thesis work, Internet 
searches, literature surveys and phone calls to honeycomb manufacturers were used to obtain 
useful material data to be used as a starting point for optimization.  
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Figure 8. Shear directions of the honeycomb 

 
Two different material models representing the honeycomb in the ODB were developed using 
LS-DYNA material models MAT_HONEYCOMB and MAT_MODIFIED_HONEYCOMB.. 
The material model best suited to represent the honeycomb in the ODB simulation model will 
later be chosen.  
 
Gestamp Hardtech’s material 320, AlMgSi0.5, was used to represent the aluminium alloy 
3003 in the cladding sheet and bumper facing sheets in the ODB.  
 

3.4.1 Material model MAT_HONEYCOMB 
 
The material properties of the honeycomb are grouped and presented below. 
 

3.4.1.1 General properties 
 
Density of the honeycomb cores was found in Cellbond Composites LTD’s data sheet. 
Young’s modulus, Poissons ratio and yield stress for fully compacted honeycomb were 
obtained from honeycomb manufacturers, see appendix 3. 
 
Relative volume at which the honeycomb is fully compacted was acquired from honeycomb 
manufacturers. The typical crush pattern of aluminium honeycomb shows the amount of strain 
at which the honeycomb is fully densified, Figure 9. Material viscosity coefficient was left at 
LS-DYNA default value. 
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Figure 9. Typical crush pattern of aluminium honeycomb. 

 

3.4.1.2 Compression properties 
 
Compression properties of the aluminium honeycomb in both the Main block and Bumper 
elements were studied from crush strength tests performed by honeycomb manufacturers. 
Estimated load curves for the crush strength of the two honeycomb cores and elastic modules 
EAAU, EBBU, ECCU were created based on those tests.  
 

3.4.1.3 Shear properties  
 
Shear curves LCAB, LCBC and LCCA were based on shear strength tests performed by the 
honeycomb manufacturers. The graphs from the shear strength tests in the T-W-, T-L- and W-
L-directions were manually converted into numerical series suitable for use in LS-DYNA. 
Shear modules GABU, GBCU, GCAU were also obtained from those shear strength tests. 

 
 

3.4.1.4 Material orientation 
 
The parameter AOPT was selected as value 2. The T-direction of the honeycomb was selected 
as the global X-direction. The W-direction of the honeycomb was selected as the global Y-
direction. The L-direction of the honeycomb was selected as the global Z-direction.  
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3.4.1.5 Element formulation 
 
Information and facts about the element formulations and their different properties were 
studied in the LS-DYNA Keyword Manual, [7], and Theory Manual, [8], and at the LS-
DYNA developers’ support-forum. Different types of element formulations were tried out to 
ensure that the material model could handle large deformations without instability issues.  
 

3.4.2 Material model MAT_MODIFIED_HONEYCOMB 
  
The general properties, compression properties, shear properties and material orientations 
used in Material model MAT_MODIFIED_HONEYCOMB were exactly the same as in 
Material model MAT_HONEYCOMB.  
 
 

3.5 Modeling of the ODB 
 
To create a simulation model of the ODB, a finite element model based on the geometry of 
the ODB was modeled.    
 

3.5.1 Geometric modeling of the ODB 
 
Both the geometry of the physical ODB manufactured by Cellbond Composites LTD and the 
virtual ODB developed by Gestamp Hardtech were analyzed. The geometry of the new virtual 
ODB was created in IDEAS 12, based on the physical ODB’s design and dimensions.  
 

3.5.2 Meshing of the ODB 
 
The mesh of the ODB was created in IDEAS 12, following Gestamp Hardtech’s mesh 
guidelines that the size of the elements should not be smaller than 4 mm. The probability that 
negative volume can occur in the ODB due to the severe deformation was taken in 
consideration when defining the size of the elements. The Main block and Bumper elements 
were defined as solid elements. The rest of the parts were specified as shell elements. A finer 
mesh at the front of the cladding sheet was defined compared to the upper and lower 
orthogonal flanges. Two null-shell meshes were created. One was aligned between the 
cladding sheet and the Main block, merged to the Main block. The other one was placed 
between the cladding sheet and the bumper elements, merged to the bumper elements.  
 
 

3.6 Physical testing in crash test facility 
 
Three offset frontal crash tests were performed in Gestamp Hardtech’s crash test facility. The 
crash tests were carried out with the same ODB but three different areas of impact. The tests 
were observed and analyzed to gather useful information to be used for correlation between 
the physical ODB and the newly developed simulation model of the ODB.  
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3.6.1 Test preferences 
 
All three tests were performed using the same crash sled weighing 2500 kg and an ODB 
manufactured by Cellbond Composites LTD. 
 

3.6.1.1 Test 1, HT07236 
 
Test 1 was performed according to the setup in table 3. The impact area is illustrated in Figure 
10.  
 
Table 3. Test 1, HT07236, test preferences 
Bumper type BMW E87 Front bumper 
Impact velocity 18.738 km/h 
Bumper overlap 420 cm 
ODB height over ground 34,0 cm 
Bumper lower edge height over ground 44,7 cm 
 

 
Figure 10. Test 1, HT07236, crash setup. 
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3.6.1.2 Test 2, HT07237  
 
Test 2 was performed according to the setup in table 4. The impact area is illustrated in Figure 
11. 
 
Table 4. Test 2, HT07237, test preferences 
Bumper type Ford C214 Front bumper 
Impact velocity 8.276 km/h 
Bumper overlap 400 cm 
ODB height over ground 35,0 cm 
Bumper corner height over ground 44,4 cm 
 

 
Figure 11. Test 2, HT07237, crash setup. 

 

3.6.1.3 Test 3, HT07238 
 
Test 3 was performed according to the setup in table 5. The impact area is illustrated in Figure 
12. 
 
Table 5. Test 3, HT07238, test preferences 
Bumper type Ford C214 Front bumper 
Impact velocity 13.942 km/h 
Bumper overlap 400 cm 
ODB height over ground 35,3 cm 
Bumper corner height over ground 44,4 cm 
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Figure 12. Test 3, HT07238, crash setup. 

 
 

3.7 Correlation 
 
The force vs. intrusion diagrams generated from the three different physical crash tests made 
the groundwork of the correlation. Virtual models were created according to the physical test 
setups. Numerous iterations with slightly different settings of the material models were 
simulated to emulate the real behaviour of the ODB.  
 
The load curves describing the compression- and shear properties of the honeycomb in the 
Main block and Bumper elements were edited. The peak loads were eliminated to prevent 
spurious material behaviour in LS-DYNA.  
 
The material models were at first correlated to physical test HT07238. In physical test 
HT07238, the bumper only hits the Main block and therefore it was possible to correlate 
solely the material properties of the Main block honeycomb. The material models were then 
correlated to the physical test HT07237 where the bumper hits both the Main block and the 
Bumper elements. The material properties for the Main block were determined when 
correlating to the physical test HT07238 and therefore only the material properties for the 
Bumper element honeycomb were modified when correlating to physical test HT07237. 
 
Main parameters changed: 
 
Cladding sheet – MAT_PIECEWISE_LINEAR_PLASTICITY 

• FAIL – Plastic strain to failure 
 
Bumper elementsfacing sheet – MAT_PIECEWISE_LINEAR_PLASTICITY 

• FAIL – Plastic strain to failure 
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Main block/Bumper elements– MAT_HONEYCOMB/ 
MAT_MODIFIED_HONEYCOMB 

• LCA - Load Curve A, stress-strain curve in the T-direction of the honeycomb 
structure. 

• LCB - Load Curve B, stress-strain curve in the W-direction of the honeycomb 
structure. 

• LCC - Load Curve C, stress-strain curve in the L-direction of the honeycomb 
structure. 

• LCAB - Sigma-ab versus shear strain-ab 
• LCBC - Sigma-bc versus shear strain-bc 
• LCCA - Sigma-ca versus shear strain-ca 
• EAAU - Elastic modulus in the T-direction for uncompressed honeycomb 
 

 

3.7.1 MAT_HONEYCOMB 
 
The load curves describing the crush strength and shear properties in the T-, L- and W-
direction were at first simplified to straight horizontal curves. The results with the simplified 
load curves were not satisfying. The crush strength load curves were therefore changed back 
in to the original shape but without the peak values. The modification of the crush strength 
load curves from a straight horizontal curve to the original shape decreased the slope of the 
force in the force vs. intrusion diagrams. The straight horizontal load curves for the shear 
properties were modified with a slight decrease after just about half of the load curve. The 
modification of the load curves for the shear properties were made in order to lower the force 
after the peak value in the force vs. intrusion diagrams. The material models were simplified 
by defining the same load curve for crush strength in the L- and W-direction and shear 
properties in the T-W- and L-T-direction. The relative volume at witch the honeycomb is fully 
compacted was changed from the original value of 20% till a value of 5%. 
 

3.7.2 MAT_MODIFIED_HONEYCOMB 
 
There were too many variables to adjust that influences the results of the force vs. intrusion 
diagrams of the simulations. The material models for both the honeycomb in the Main block 
and Bumper elements were simplified by only specifying one load curve describing the shear 
properties of the honeycomb in all three directions. The compression properties of the 
honeycomb in the W- and L-direction were also assigned to use same load curve. The values 
of all the load curves for both compression- and shear properties were slightly increased 
compared to the compression and shear tests performed by the honeycomb manufacturers. 
The increased compression curves raised the magnitude of the force throughout the whole 
force vs. intrusion diagrams. The increased shear curves increased the shear resistance and 
lengthen the initial peak force in the force vs. intrusion diagrams. The elastic modulus for 
compression in the T-direction, EAAU, was decreased to reduce the initial stiffness of the 
honeycomb.  
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3.8 Certification sample simulation model 
 
The Euro NCAP aluminium honeycomb certification sample was modelled in IDEAS 12. The 
dimensions of the sample, 150 x 150 x 50 mm, were collected from Euro NCAP’s Frontal 
Protocol 4.1, [6]. The expanding die was modeled as two surfaces with the dimensions of 230 
x 230 mm. The parts and their placements are shown in Figure 13. The sample was meshed as 
solid elements with an element length of 10 mm. The expanding dies were meshed as shell 
elements with an element length of 23 mm. The FE-model was exported as an IDEAS 
simulation file. The IDEAS simulation file was converted into a key file using fec.  

 
The two different material models created in this thesis, representing the aluminium 
honeycomb in the Bumper elements and Main block were processed in the simulation model 
to verify that they met Euro NCAP’s demands. 
 

 
Figure 13. Certification sample simulation model. 

 

3.9 Simulation problems 
 
The aluminium honeycomb in an ODB is exposed to extremely large deformations. Due to the 
large deformations in the honeycomb, elements can become so deformed that the volume of 
the elements are calculated as negative. If LS-Dyna calculates a negative volume in an 
element during a simulation, the simulation will end in a failure. 
 
There are a number of modifications on LS-DYNA variables from their default values that 
could make a simulation more stable and for example prevent contact problems and negative 
volume in the solid elements. At first the simulations were performed with the default 
settings. In order to find the best contact settings for the simulation model of the ODB the 
variables in table 6 were changed from their default values. Support and previous experience 
regarding instability in large deformation simulations from the developers of LS-DYNA were 
studied and used during the process to find the suitable values of the LS-DYNA variables.  
The element formulations and the settings of the hourglass viscosity type were tested 
especially in order to avoid negative volume. The element formulation was varied from 0 to 9 
and the hourglass viscosity type was varied from 1 to 5.  
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Table 6. LS-DYNA variables changed to eliminate negative volume and contact problems. 
Card Variable Description 

*CONTROL_TERMINATION 
 

DTMIN  
 

The reduction (scale) factor for initial time step size. 
A nonzero value on DTMIN in combination with the 
parameter ERODE set to 1 on the *Control_timestep 
card will erode all elements that falls below the 
minimum step size.  

*CONTROL_HOURGLASS IHQ Default hourglass viscosity type.  
 QH Default hourglass coefficient. 
*CONTROL_TIMESTEP DTINIT Initial time step size. 
 TSSFAC Scale factor for computed time step. 
 ERODE 

 
This variable enables a search of all the elements and 
erodes the elements found with a negative volume.  

 DT2MS Time step for mass scaled solutions. 
*CONTROL_CONTACT NSBCS 

 
Number of cycles between contact searching, using 
three dimensional bucket searches. 

 XPENE XPENE in combination with PENCHK sets nodes 
free if their penetration exceeds the product of 
XPENE and the element thickness. 

 TH Default contact thickness. 
 IGNORE A variable to determine how to handle initial 

penetrations. 
*CONTACT_AUTOMATIC 
_SINGLE_SURFACE 

FS Static coefficient of friction. 

 FD Dynamic coefficient of friction. 
 SOFT Soft constraint options. If soft constraint formulation 

or segment-based contact is used in the soft 
constraint options the contact stiffness will be 
determined by stability considerations based on nodal 
masses and the time step. 

 SOFTSCL Scale factor for soft constraint forces of soft 
constraint options. 

 SMF Scale factor on default slave penalty stiffness 
 SST Thickness for slave surface 
 MST Thickness for master surface 
 BSORT Number of cycles between bucket sorts. 
*SECTION_SOLID ELFORM Element formulation options. 
 
When the best simulation settings in regard to simulation problems were determined a 
comparison between the new settings and the default settings was made. The comparison 
between the simulation settings was made on a simulation of physical test HT07237. 
 
 

3.10 Selection of material model 
 
The selection of material model for the honeycomb structures in the ODB was mainly based 
on the correlation between simulations and the physical crash tests and behaviour of the ODB 
in high-speed crash test simulations. One critical part in the selection of material model was 
the stability of the ODB in different simulations according to contact problems and negative 
volume in solid elements. 
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Five additional simulations were made in excess of the ones being correlated to provide the 
necessary data to select the most suitable material model for the honeycomb in the ODB. The 
five simulations were performed at Euro NCAP’s standard velocity, 64 kmph. Those were 
recreations of physical tests 1 – 3 and two crash test scenarios hitting the ODB in two user-
defined impact areas.  
 
 

3.11 Comparison between old and newly developed ODB 
 
Simulations with the old ODB developed by Gestamp Hardtech were preformed in tests 
HT07236, HT07237 and HT07238. The results from the simulations with the old ODB were 
then compared with the physical tests and the simulation results from the newly developed 
ODB. The comparison between the old and newly developed ODB was performed to show 
the improvements of the ODB made in this thesis work. 
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4. Results 
 
The following subchapters present the results produced during the development of the ODB. 
 

4.1 Purchase of the ODB 
 
An EEVC Frontal Offset Barrier manufactured according to ECE Regulation No. 94, 
European Parliament Directive 96/79/EC, and the updated American Standard FMVSS 208 
was purchased from Cellbond Composites Ltd at a cost of £1052, appendix 1. 
 
 

4.2 Mounting of the ODB 
 
The best way of mounting the ODB in relation to Euro NCAP’s standardized way of 
mounting was to manufacture a complementary plate and attach it to the back wall and then 
mount the ODB on the plate. This alternative would require the plate to be manufactured by 
an entrepreneur or by Gestamp Hardtech. It would be expensive and time-consuming.  
 
Another way how to mount the ODB without a complementary plate included modifications 
of the ODB itself. This way the predrilled holes in the back of the ODB had to be enlarged to 
20 mm. The bottom of the ODB would be fastened with three bolts. The top of the ODB 
would be fastened by a crossover bar attached by clamps on each side. This alternative is 
cheap and no time-consuming manufacturing is needed. On the other hand, this alternative 
will not meet the Euro NCAP standard way of mounting. This could lead to different 
behaviour of the ODB during the crash test performed at Gestamp Hardtech contra Euro 
NCAP. The ODB was mounted according to this method, figures 14 and 15. 
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Figure 14. Mounting of the ODB in Gestamp Hardtech’s crash test facility. 
 
 

 
Figure 15. Mounting of the ODB in Gestamp Hardtech’s crash test facility. 

 
 

4.3 Previously developed simulation model of the ODB  
 
Comparison of the results from two parallel offset frontal crash test simulations by OEM’s 
own ODB and Gestamp Hardtech’s old ODB showed a significant difference in stiffness. 
Gestamp Hardtech’s ODB showed little penetration depth by the bumper compared to 
OEM’s, figures 16 and 17. Studies of crash test films carried out by Euro NCAP enhance the 
suspicion that Gestamp Hardtech’s old ODB is to stiff and behaves unnaturally.  
 
 

Bolts 

Crossover bar mounted 
with clamps on each side 

Rigid wall in crash 
test facility ODB
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Figure 16. Comparison of frontal crash test simulations at 20 ms, Gestamp Hardtech’s old ODB to the left and 
OEM’s ODB to the right. 
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Figure 17. Comparison of frontal crash test simulations at 40 ms, Gestamp Hardtech’s old ODB to the left and 
OEM’s ODB to the right. 

Figure 17. Comparison of frontal crash test simulations at 40 ms, Gestamp Hardtech’s old ODB to the left and 
OEM’s ODB to the right. 
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4.4 Material modeling  
 
The results of the material models created are shown in the chapters below. 
 

4.4.1 General properties 
 
The general properties of the two honeycomb cores are listed below in table 7.  
 
Table 7. General properties of Main block and Bumper elements honeycomb material.  
LS-DYNA variable Description Main block Bumper elements 
RO Mass density 28.6 kg / m3 82.6 kg / m3

E Young’s modulus for 
compacted 
honeycomb 

68.95 GPa 68.95 GPa 

PR Poisson’s ratio 0 0 
SIGY Yield stress for fully 

compacted 
honeycomb 

160 MPa 160 MPa 

VF Relative volume at 
which the honeycomb 
is fully compacted 

0.20 0.20 

MU Material viscosity 
coefficient 

0.05 0.05 

 

4.4.2 Compression properties 
 
The crush strength curves based on the crush strength tests performed by the honeycomb 
manufacturers are shown below in figures 18 - 23. The crush strength was largest in the T-
direction for both the honeycomb in the Main block and the Bumper elements. The elastic 
modules in the T-, W- and L-direction are shown in table 8.  
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4.4.2.1 LCA – Crush strength in T – direction 
 
Main block: 
 

 
Figure 18. Crush strength in the T-direction for the Main block. 

 
Bumper elements: 
 

 
Figure 19. Crush strength in the T-direction for the bumper elements. 
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4.4.2.2 LCB – Crush strength in W – direction 
 
Main block: 
 

 
Figure 20. Crush strength in the W-direction for the Main block. 

 
Bumper elements: 
 

 
Figure 21. Crush strength in the W-direction for the bumper elements. 
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4.4.2.3 LCC – Crush strength in L - direction 
 
Main block: 
 

 
Figure 22. Crush strength in the L-direction for the Main block. 

 
Bumper elements: 
 

 
Figure 23. Crush strength in the L-direction for the bumper elements. 
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Table 8. Elastic modules of the honeycomb in the Main block and Bumper elements.  
LS-DYNA variable Main block Bumper elements 
EAAU [MPa] 172 1020 
EBBU [MPa] 57,2 340 
ECCU [MPa] 57,2 340 
 

4.4.3 Shear properties of aluminium honeycomb 
 
The shear strength curves of the honeycomb in the Main block and Bumper elements are 
based on the shear strength tests performed by the honeycomb manufacturers, shown below in 
Figure 24-29. Shear modules in the T-W-, W-L- and L-T-direction are shown in table 9. 
 

4.4.3.1 LCAB, Shear strength in T-W-direction 
 
Main block: 
 
 

 
Figure 24. Shear strength in the T-W-direction for the Main block. 
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Bumper elements: 
 

 
Figure 25. Shear strength in the T-W-direction for the bumper elements. 

 
 

4.4.3.2 LCBC, Shear strength in W-L-direction 
 
Main block: 
 

 
Figure 26. Shear strength in the W-L-direction for the Main block. 
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Bumper elements: 
 

 
Figure 27. Shear strength in the W-L-direction for the bumper elements. 

 

4.4.3.3 LCCA, Shear strength in L-T-direction 
 
Main block: 
 

 
Figure 28. Shear strength in the L-T-direction for the Main block. 
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Bumper elements: 
 

 
Figure 29. Shear strength in the L-T-direction for the bumper elements. 

 
Table 9. Elastic modulus of the honeycomb in the Main block and Bumper elements.  
LS-DYNA variable Main block Bumper elements 
GABU 145 434 
GBCU 75 214 
GCAU 145 434 
 

4.4.4 Material orientation  
 
The material is globally orthotropic with material axes determined by vectors A1-A3 and D1-
D3. The vectors were specified as shown in table 10.  
 
Table 10. Material orientation vectors 
Vector A1 A2 A3 D1 D2 D3 
Value 1 0 0 0 1 0 
 

4.4.5 Element formulation 
 
Element formulation 1, constant stress solid element, was used in material model 
MAT_HONEYCOMB. Element formulation 0, 1-point corotational, was used in material 
model MAT_MODIFIED_HONEYCOMB.  
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4.5 Modeling of the ODB  
 
The results of the modeled ODB are shown in the following chapters.  
 

4.5.1 Analysis of earlier developed ODB by Gestamp Hardtech 
 
The geometry of the existing ODB developed by Gestamp Hardtech consisted of a Main 
block, Side Sheet, Cladding Sheet and Bumper Elements, Figure 30.  The dimensions of the 
parts are listed in table 11. The Bumper elements were fastened to the ODB by being enclosed 
by the cladding sheet.  

 

1. 

2.

3.

4. 

Figure 30. The earlier developed ODB. 
 
Table 11. Geometric dimensions of the earlier developed ODB. 
 Main block (1.)  Bumper 

elements(4.) 
Cladding sheet 
(3.) 

Side sheet (2.) 

Length [mm] 1000 1000 1000 0
Height [mm] 650 3*110 2090 650
Width [mm] 450 90  450
Thickness [mm] 0,81 0,21
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4.5.2 Geometry of the newly developed ODB  
 
The newly developed barrier contained a Main block, Cladding sheet, Bumper elements and 
Bumper elements facing sheet, Figure 31. The dimensions of the parts are listed in table 12. 
The Bumper elements were fastened to the cladding sheet by using rigid elements as 
spotwelds. The bumper facing sheets were fastened to the Bumper elements by merging 
nodes. A drawing of the ODB can be found in appendix 4.  

 

1. 

2.

3.

4. 

Figure 31. The newly developed ODB. 
 
Table 12. Geometric dimensions of the newly developed ODB. 
 Main block (1.)  Bumper 

elements (3.) 
Cladding sheet 
(2.) 

Bumper facing 
sheet (4.) 

Length [mm] 1000 1000 1000 1000
Height [mm] 650 3*110 1554 3*110
Width [mm] 450 90  
Thickness [mm] 0,81 0,81
 

 37



4.5.3 Meshing of the ODB 
 
The defined mesh of the ODB consists of 5060 elements allocated in six different 
components, see table 13 and Figure 32.  
 
Table 13. Mesh types, density and dimensions of the ODB mesh 
Component: Main block 

(1.) 
Bumper 
elements 
(5.) 

Cladding 
sheet (3.) 

Bumper 
facing sheet 
(6.) 

Null shell 
mesh 1 (2.) 

Null shell 
mesh 2 (4.) 

Mesh type: Solid 
elements 

Solid 
elements 

Shell 
elements 

Shell 
elements 

Shell 
elements 

Shell 
elements 

H x D x W: 
[Elements] 

24 x 7 x 20 3 x 3 x 20 40 x * x 20 3 x * x 20 24 x * x 20 9 x * x 20 

Thickness: 
[mm] 

* * 0.81  0.81 1.0 1.0 

 
 * = missing 
 
 

 

 

1. 

2.

3.

4.

5. 

6. 

Figure 32. Visualization of the ODB mesh. 
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4.6 Physical testing 
 
The results of the three physical tests performed are shown below.  
 

4.6.1 Test 1, HT07236 
 
Test 1 shows an initial peak load at about 60 kN followed by stabilized crushing of the 
honeycomb at about 38 kN, Figure 33. The honeycomb starts to get fully compacted when the 
BMW E87 front bumper has penetrated the barrier 480 mm, 89 % of the full depth of the 
barrier. The bumper hit the back wall during the compaction; the data cannot be fully 
trustworthy during that stage.  
 
 

 
Figure 33. Test 1, HT07236,  force vs. intrusion  
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4.6.2 Test 2, HT07237 
 
The bumper reaches an intrusion depth of 180 mm during Test 2. The input energy of 6.6 kJ is 
not enough for the system to pass the initial peak load during crushing of the honeycomb, 
Figure 34.   
 
 

 
Figure 34. Test 2, HT07237,  force vs. intrusion 

 

2.6.3 Test 3, HT07238 
 
The initial peak load during Test 3 measures about 63 kN. The following stabilized crushing 
of the honeycomb lies at around 41-42 kN, Figure 35. Maximum penetration depth is about 
435 mm, which answers to 96.7 % intrusion of the ODB.  
 

 40



 
Figure 35. Test 3, HT07238,  force vs. intrusion 

 
 
 
 

4.7 Correlation 
 
The final values of the LS-DYNA keyword-parameters changed can be found in appendix 5.  
 

4.7.1 Material model MAT_HONEYCOMB vs. MAT_MODIFIED 
HONEYCOMB 
 
Both material models show good correlation to physical tests 2 and 3, figures 37 and 38. The 
material models show moderate correlation to physical Test 1, Figure 36.  
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Figure 36. Test 1, HT07236, and simulations performed with material model MAT_HONEYCOMB and 

MAT_MODIFIED_HONEYCOMB. 
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Figure 37. Test 2, HT07237, and simulations performed with material model MAT_HONEYCOMB and 

MAT_MODIFIED_HONEYCOMB. 
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Figure 38. Test 3, HT07238, and simulations performed with material model MAT_HONEYCOMB and 

MAT_MODIFIED_HONEYCOMB. 
 

4.8 Certification sample simulation model 
 
Both material models did not pass the Euro NCAP’s honeycomb certification. The simulation 
model didn’t meet the requirements of a crush strength of 0.342 MPa, +0 -10% for the Main 
block and a crush strength of 1.711 MPa, +0 -10% for the bumper elements, figures 39 and 
40. The required crush strength is measured in three separate intervals 6.4 - 9.7 mm, 9.7 - 13.2 
mm and 13.2 – 16.5 mm.  
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Initially in the first interval, the crush strength of both material models were too low which 
failed the certification of both material models in both tests.  
 
 

 

A = MAT_HONEYCOMB 
B = MAT_MODIFIED_HONEYCOMB 

Figure 39. Crush strength of Main block honeycomb 
 

 

A = MAT_HONEYCOMB 
B = MAT_MODIFIED_HONEYCOMB 

Figure 40. Crush strength of Bumper elements honeycomb 
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4.9 Simulation problems 
 
The results of the elimination of simulation problems are presented in the following 
subchapters. 

4.9.1 Contact problems 
The crash test simulations of the ODB with the default settings showed significant contact 
problems. The contact problems occurred between shell elements and solid elements. Small 
areas of the Cladding sheet penetrated the Bumper elements. Penetration also occurred 
between the Cladding sheet and the Main block as shown in Figure 41.  
 

 
Figure 41. Contact problems between Main block and Cladding sheet 

 
 

The variables changed from their default values in the simulation setting that worked best for 
the simulation model of the ODB, regarding to contact problems and negative volume is 
presented in table 14. 
 
Table 14. LS-DYNA variables changed. 
Card Variable Value 

*CONTROL_HOURGLASS IHQ 2 
 QH 0.05 
*CONTROL_TIMESTEP TSSFAC 0.67 
*CONTACT_AUTOMATIC 
_SINGLE_SURFACE 

SOFT 2 

 SOFTSCL 0.04 
 SFM 1 
 SST 2 
 MST 2 
*SECTION_SOLID ELFORM MAT_MODIFIED_HONEYCOMB =0, 

MAT_HONEYCOMB =1 
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The results of the simulation of physical test HT07237 with the new simulation settings and 
the default simulation settings are shown in Figure 42. The simulation with the new 
simulation settings, to the left in Figure 42, didn’t show any sign of contact problems. The 
simulation with the default simulation settings, to the right in Figure 42, shows a contact 
problem between the Bumper element, Cladding sheet and Main block. The simulation fails 
the contact conditions between the Cladding sheet and Main block. The failure in contact 
conditions allows the Cladding sheet and Bumper elements to penetrate the Main block 
without any additional deformation of the Main block.  
 

Figure 42. Simulation with the new simulation settings to the left and a simulation with default settings to the 
right. 

 

4.9.2 Negative volume in solid elements 
 
In some of the ODB crash test simulations with the default values, the large deformation of 
the ODB caused negative volume in solid elements. The negative volume in the solid 
elements prevented LS-DYNA from proceeding the simulations. A simulation that terminated 
caused by negative volume in a solid element is shown in figures 43 and 44. The element with 
negative volume is element 5483, which is located in one of the Bumper elements. When 
negative volume in the element arises the element explodes. Contact problems between the 
Main block and the Cladding sheet also occur in the simulation in Figure 44.  
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Figure 43. Crash test at time 0. 

 
 

 
Figure 44. Crash test terminated at time 52.17 caused by negative volume in element 5483. 

 
 
The different element formulations and viscosity types that made the simulations run without 
any negative volumes can be found in table 15. Element formulations 5, 6 and 7 were 
excluded from the selection of element formulation due to the huge increase in cpu-usage. 
Fully integrated element formulations are unstable in simulations with large deformations and 
element formulation 3, which is a fully integrated element formulation, were eliminated on 
that account. The final selection of element formulation and viscosity type for both material 
models can be found in table 14. 
 
Table 15. Element formulations and viscosity types that improved the simulations. 
Element formulation Viscosity type 
0 2 
1 2 
3 4 
5 4 
6 4 
7 4 
9 2 
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4.9.3 Hourglass energy 
 
Hourglass energy occured in the simulation model of the ODB. The hourglass energy was 
measured around the point where the kinetic energy reached zero. The hourglass energy 
magnitude was around 7 – 12 % of the total energy in the low velocity tests. The magnitude of 
the hourglass energy in the high velocity simulations, 64 kmph, was around 2 – 7.5 % of the 
total energy.  
 
The hourglass energy increased rapidly after the kinetic energy of the system reached zero. At 
time 40 ms there were no additional deformation of the ODB. Even though the hourglass 
energy increased significantly in the components of the ODB. The curve “A Combined 3-
Hourglass energy” show the contribution of the Main block and Bumper elements honeycomb 
material model hourglass energy, Figure 45. The increased hourglass energy after 40 ms in 
the ODB are most certainly a result of an unloading phenomena.  
 

 
Figure 45. Total-, kinetic- and hourglass energy of HT07237 64 kmph.  
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4.10 Selection of material model 
 
Generally, material model MAT_MODIFIED_HONEYCOMB showed best correlation to the 
physical tests.  
 
The Bumper elements based on material model MAT_HONEYCOMB in high velocities 
showed an unrealistic deformation and behaviour. The problem emerged when the Bumper 
elements got touched by only a small portion of the impacting bumper. The Bumper elements 
were torn of the Cladding sheet, they got bent and started to rotate instead of being 
compressed. 
 
Both material models passed all the high- and low velocity tests without pre-termination due 
to negative volume or any other instability issue. The complete visual performance of the two 
material models and force vs. intrusion diagrams can be found in appendix 6.  
 
The above listed properties led to the decision to select material model 
MAT_MODIFIED_HONEYCOMB to represent the honeycomb in the final simulation model 
of the ODB.  
 

4.11 Comparison between old and newly developed ODB 
 
The old ODB developed by Gestamp Hardtech showed poor performance. The force vs. 
intrusion curves showed little correlation with the physical test. The force vs. intrusion curves 
in figures 46 - 48 indicated a too stiff material model. The section where the honeycomb gets 
crushed at a stabilized force is completely missing. The initial peak load is too high and the 
section where the honeycomb gets fully compacted occurs at a too low penetration depth by 
the bumper. 
 
The difference between the old ODB and the newly developed was significant. The newly 
developed ODB barrier showed a much better correlation to the physical tests.  
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Figure 46. Force vs. intrusion in simulation HT07236 for the old ODB, newly developed ODB and physical test. 
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Figure 47. Force vs. intrusion in simulation HT07237 for the old ODB, newly developed ODB and physical test. 
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Figure 48. Force vs. intrusion in simulation HT07238 for the old ODB, newly developed ODB and physical test. 
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5. Analysis and discussion 
 
The analysis and discussion of the work performed during this thesis are presented in the 
following subchapters.  
 

5.1 Purchase of the ODB 
 
The fact that Cellbond Composites LTD delivers ODB’s to Euro NCAP was a very important 
factor when the decision to buy the ODB from Cellbond was decided and no other 
manufacturer.  
 
 

5.2 Mounting of the ODB 
 
The choice to mount the ODB without a complementary plate or exactly as Euro NCAP’s 
standardized way of mounting will have an impact on the results of the physical testing. The 
crossover baulk and the clamps holding it onto the barrier is a critical part to ensure that it 
won’t get bent or break loose. If the crossover baulk breaks loose during the crash test, the 
ODB will be allowed to curve the back plate and affect the way the honeycomb in the Main 
block deforms. However due to the economic- and time advantages, the ODB was mounted 
according to this method 
 
 

5.3 Previously developed simulation model of the ODB 
 
The difference in stiffness is most certainly due to a difference in material models in Gestamp 
Hardtech’s- and OEM’s ODB. The stiff response indicates that either one or both the load 
curves for compression- and shear properties used in Gestamp Hardtech’s ODB are using a 
too high magnitude of stress to the corresponding strain levels. The low penetration depth and 
the sharp increase in force at the very end of the simulation indicate that the parameter VF, 
relative volume at which the honeycomb is compacted, is set too high.  
 
 

5.4 Material modeling 
 
All load curves contain exactly the same number of points with corresponding strain values 
on the abscissa for efficiency. The cost of table lookup will then be negligible. The simple 
curves in LCA, LCB, LCC without noise prevents spurious behaviour of the material. 
 
The bumper element honeycomb structure consists of the same foil thickness but the cell size 
is smaller compared to the Main block honeycomb structure. The smaller cell size increases 
the density and crush strength. The shear properties of the honeycomb vary significantly 
between different directions of shearing. This difference is due to the geometry of the cellular 
solid.  
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The ODB can only be aligned with the front pointing at either X- or negative X-direction for 
the honeycomb to act properly. The material orientation has to be altered if the ODB is 
aligned in another direction. 
 
 

5.5 Modeling of the ODB  
 
The geometry of the existing ODB developed and modelled by Gestamp Hardtech show a lot 
of difference compared to a physical ODB manufactured by Cellbond Composites LTD, the 
actual ODB used by Euro NCAP. The physical ODB has no Side sheets, a different design of 
the Cladding sheet, a separate cladding for the Bumper elements and a back plate.  
 
The newly developed barrier contains a Bumper elements facing sheet, no Side Sheets and the 
Cladding sheet has a complete new design compared to the old one. No Back plate is 
included. The newly developed ODB shows a lot more similarity to the physical ODB 
manufactured by Cellbond Composites LTD compared to the old one.  
 
The purpose of the Back plate is to mount the ODB to a rigid wall. The virtual ODB require 
no Back plate to be mounted and fixed in space and can be excluded. 
 
Solid elements will be used when modelling the ODB in this thesis due to the complexity of 
using shell elements for the ODB and increased cpu usage. The mesh of the ODB for both the 
Main block and Bumper elements are coarse. A finer mesh would increase cpu-usage time 
when simulating and increase the probability that negative volume will occur. On the other 
hand, a coarse mesh leads to a poor visual representation of the deformation and the result can 
be less accurate. The critical instability issue, negative volume, which may lead to pre-
termination of the simulation, were prioritized to prevent and a coarse mesh was chosen as the 
best alternative. There is no point to develop a simulation model of the ODB that isn’t able to 
handle the severe deformation and fails to compute a result. The null shell elements are 
applied to prevent possible penetration between the shell- and solid elements in contact. 
 
 

5.6 Physical testing 
 
Test 1 show a slightly lower crush force compared to Test 3 during both the initial peak load 
and the stabilized crushing of the honeycomb. This could be due to the area difference 
between the two bumpers. The Ford C214 impacting area is larger which probably 
corresponds to the slightly higher crushing force in the tests.  
 
An observation made is that fully compaction of the honeycomb does not correspond to the 
“typical” crush pattern of 70 – 80 % volumetric strain. The significant raise in stiffness due to 
full compaction does not occur until 89 % intrusion of the whole ODB in Test 1 and does not 
occur at all in Test 3 despite the 96.7 % intrusion of the ODB.  
 
Due to the deep penetration of the BMW E87 front bumper in the ODB in Test 1, the 
baseplate and force sensor of the crash sled is involved in the compression of the honeycomb. 
This may be the reason why the force increases rapidly at 89 % intrusion instead of full 
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compaction of the honeycomb. In that case, full compaction of the honeycomb in the Main 
block occurs somewhere between 96.7 - 100 % compression.   
  
The force vs. intrusion diagrams in Test 2 is certainly affected by the Test 1. The ODB 
became a bit skew after Test 1 was performed and the area of impact of Test 2 may have been 
slightly pre-deformed. The same reasoning concern Test 3, both Test 1 and 2 have affected 
the result of Test 3. Thus the force vs. intrusion diagrams in Test 2 and 3 may not describe 
exact behaviour of the ODB but very close to reality.  
 
The result of tests 1 – 3 may also have been affected by the special mounting of the ODB that 
differs from Euro NCAP’s standardized way of mounting. The crossover baulk holding the 
upper edge of the ODB was to some extent bent during the tests. The deformed bar allowed 
the ODB to move slightly in non-allowed directions. The initial peak in the force vs. intrusion 
diagrams may have been a bit lowered and extended due to this but the affect should be very 
small. 
 
 

5.7 Correlation 
 
The correlation was mainly performed comparing the results from Test 2 and 3 to simulations 
using the corresponding test setups. Only brief correlation using Test 1 was performed due to 
the complex deformation of the Bumper elements into the Main block and the involvement of 
the baseplate and load sensors of the crash sled.    
 
The correlation performed is based on physical testing at maximum 18.738 kmph. The 
simulation model of the ODB has not been correlated at Euro NCAP’s frontal offset crash test 
velocity of 64 kmph. Using the simulation model of the ODB at velocities above ~19 kmph 
may therefore show results that doesn’t comport with reality.  
 
Strain-rate effects have not been included in the material models due to the limited range of 
velocity available at Gestamp Hardtech’s crash test facility. 
 
The difference in results between the crash tests performed in Gestamp Hardtech’s crash test 
facility and the simulation models can depend upon many factors, for example: the adhesive 
in the real ODB is not modelled in the simulation model, the ODB were skew during Test 2 
and 3, the simulation model of the crash sled and bumper system are not totally accurate and 
the material model of the aluminium sheets in the ODB are mentioned for an other aluminium 
alloy. The material models representing the honeycombs in the ODB are henceforth tuned to 
compensate some of these factors.    
 
Same magnitude of friction coefficient is used between all parts. Individual contact cards 
between different parts using different frictional coefficients could increase the accuracy of 
the simulation model.  
 
Both material models, MAT_HONEYCOMB and MAT_MODIFIED_HONEYCOMB, 
behave differently using exact same general properties, compression properties and shear 
properties. The underlying reason for this is foremost the difference in element formulation 
used in the two material models. The final material models are therefore using slightly 
different material properties. 
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5.8 Certification sample simulation model  
 
Both material models failed the certification requirements. The underlying reason for this is 
that the material models are tweaked to enhance the performance of the correlation to the 
physical testing and not tweaked to pass the certification. If the load curves in the material 
models are adjusted to pass the certification, the correlation to the physical tests worsens. The 
material models didn’t override the requirements much and the correlation was prioritized, 
therefore no additional resources were spent to improve the material models to pass the 
certification 
 
 

5.9 Simulation problems 
 
The contact problems between the shell elements and the solid elements occurred due to the 
large deformation of the ODB. The support from the developers of LS-DYNA provided vital 
information regarding contact settings and knowledge how to avoid negative volume. The 
comparison between the default and new simulation settings proved a large difference in 
contact behaviour. The simulations performed with the new simulations settings seldom 
showed indications of contact problems and never terminated due to negative volume in the 
solid elements. Element formulation in combination with hourglass viscosity type had a large 
affect on the simulations and in particular the occurrence of negative volume in the solid 
elements. There were not only the new simulation settings that eliminated the simulation 
problems, the null shell elements did also have a certain affect.   
 
The hourglass energy in the simulation model of the ODB was high. Fully integrated solid 
elements, a refined mesh or tetrahedral solid elements could be used to reduce the hourglass 
energy. However, the fully integrated solid elements are less stable in large deformations and 
instability issues are certain to arise. A refined mesh increases the possibility that negative 
volume occurs and tetrahedral solid elements can become overly stiff. The current settings of 
element formulation, mesh size and hourglass viscosity type are a compromise to reduce and 
prevent many possible stability problems.   
 
 

5.10 Selection of material model 
 
Material model MAT_HONEYCOMB could also have been chosen due to the good 
correlation, although a lot of additional work would have been required to eliminate the 
unrealistic movements of the bumper elements.  
 
The most important aspect in the selection was the correlation to the physical tests. Due to the 
good correlation of the two material models, the stability and visual performance of the ODB 
made the final basis for the decision.   
 
If correlation of the simulation model and physical crash tests at 64 kmph had been 
performed, it would have been the most important factor in the selection.   
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5.11 Comparison between old and newly developed ODB 
 
The difference in performance by the old ODB and newly developed ODB is due to many 
reasons. The most obvious differences are the different material models used and the different 
geometry’s of the ODB’s. Other improved areas are contact conditions and prevention of 
instability. The result of the comparison shows the significant improvements this thesis has 
led to.   
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6. Future work 
 
The ODB developed shows a quite good correlation to the physical tests. Still, there are a few 
areas of work that should be further investigated to secure a correct behaviour of the ODB and 
increase the accuracy in the simulation model.  
 

1. The most important work to do is correlating the simulation model to physical tests 
performed at 64 mph. This secures that the simulation model shows a reasonable 
correlation to physical tests at Euro NCAP’s standard velocity.  

 
2. The spotwelds holding the Bumper elements to the Cladding sheet should be replaced 

with adhesive modelled in LS-DYNA using material model; 
MAT_ARUP_ADHESIVE. Replacing the spotwelds with adhesive allows the Bumper 
elements to behave more realistic when they are torn off the Cladding sheet.  

 
3. The adhesive in the physical ODB between the Bumper elements and Bumper facing 

sheet, Main block and cladding sheet should be implemented and modelled in the 
simulation model using MAT_ARUP_ADHESIVE. The adhesive allows a more 
complex and realistic deformation of the ODB in the simulation model.  

 
4. Friction coefficients for both static and dynamic friction between separate surfaces 

could be investigated and implemented in the simulation model to further enhance the 
performance of the simulation model.  

 
5. The material model could be more detailed, using separate load curves for 

compression- and shear properties in all directions. A more detailed material model 
should improve the material characteristics of the honeycomb in the simulation model.   

 
6. Strain-rate effects could be included in the material model to enhance the performance 

of the simulation model.  
  

7. The material model used for the Cladding sheet and Bumper facing sheets should be 
replaced with a material model specially designed to represent the aluminium 3003 
alloy.  
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INTRODUCTION 
 
Cellbond produces the full 
range of deformable crash test 
barriers.  
 
We supply our EEVC Frontal 
Offset barrier to EuroNCAP, 
IIHS, Australian NCAP, and the 
majority of car manufacturers 
and test houses worldwide. 
 
 
TECHNICAL SPECIFICATION 
 
MAIN BLOCK  
Aluminium Honeycomb  

• O/D 1000 x 650 x 
450 mm (all ± 2.5 
mm) 

• Aluminium 3003  
• Foil 0.076 mm 
• Cell size 19.14 mm  
• Density 28.6 kg/m3  
• Crush strength 0.342 

MPa +0% -10% 
 
BUMPER ELEMENT  
Aluminium Honeycomb  

• O/D 1000 x 330 x 
90 mm (all ± 2.5 
mm) 

• Aluminium 3003  
• Foil 0.076 mm  
• Cell size 6.4 mm  
• Density 82.6 kg/m3   
• Crush strength 1.711 

MPa +0% -10% 
 
BACK PLATE  
Aluminium sheet 

• O/D 1000 x 800 
mm   (all ± 2.5 mm) 

• Thickness 2 mm           
(± 0.1 mm) 

 
MAIN BLOCK CLADDING  
Aluminium sheet 

• O/D 1000 x 1700 
mm (all ± 2.5 mm) 

• Thickness 0.81 mm      
(± 0.07 mm) 

 
BUMPER FACING SHEET  
Aluminium sheet 

• O/D 1000 x 330 
mm  

• (all ± 2.5 mm) 
• Thickness 0.81 mm      

(± 0.07 mm) 
 
 
 

  
ADHESIVE 
Two-part polyurethane / resin 
with hardener 
 
As a special service, the barrier 
is supplied with anti-reflective 
paint, which has proven 
beneficial for high-speed 
photography. 
 
 
CERTIFICATION & TESTING 
 
This barrier is manufactured 
according to ECE Regulation 
No. 94, European Parliament 
Directive 96/79/EC, and the 
updated American Standard 
FMVSS 208. Static honeycomb 
core calibration tests are run 
in-house to guarantee the 
compliance with these norms, 
as well as repeatability of 
barrier construction and 
performance. 
 
 
QUALITY 
 
Cellbond is accredited to ISO 
9001:2000 and hence is 
continually improving the 
quality systems to provide its 
customers with the best quality 
products. 

 
 
 
 

 

contact us at: 

 

UNITED KINGDOM 

Cellbond Composites Ltd 

5 Stukeley Business Centre 

Blackstone Road 

Huntingdon 

Cambridgeshire 

PE29 6EF 

United Kingdom 

T: +44 (0) 1480 435302 

F: +44 (0) 1480 450181 

sales@cellbond.com 

www.cellbond.com 

 

GERMANY 

T: +49 7 00 23 55 26 63 

F: +49 7 00 07 00 12 12 

sales.germany@cellbond.com 

 

USA 

Cellbond Inc. 

T: +1 (218) 532 2012 

F: +1 (218) 532 2013 

sales.usa@cellbond.com  

 

JAPAN 

Jasti Co., Ltd 

T: +81 3 5245 3661 

F: +81 3 5245 8596 

ozawa@jasti.co.jp 

www.jasti.co.jp 

 

KOREA 

Hankook BEP Co., Ltd 

T: +82 31 498 9406 

F: +82 31 498 9506 

gskim@hankookbep.co.kr 

 www.hankookbep.co.kr 

 

CHINA 

Beijing CATARC Co., Ltd 

T: +86 10 63345599  

F: +86 10 63345804 

syf@catarc.com.cn 

Alex
Stämpel
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BARRIER SPECIFICATION 
The frontal impact barrier for testing and its mounting to the block shall conform to the 
following specification: 
 
 
1  Component and Material Specifications 
 
The dimensions of the barrier are illustrated in Figure 1.  The dimensions of the individual 
components of the barrier are listed separately below. 
 
Main Honeycomb Block 
Dimensions 
Height:  650mm [in direction of honeycomb ribbon (foil) axis] 
Width:   1000mm 
Depth:   450mm [in direction of honeycomb cell axes] 

All above dimensions ± 2.5mm 
Material:  Aluminium 3003 (BS 1470) 
Foil Thickness: 0.076mm ± 15% 
Cell Size:  19.1mm ± 20% 
Density:  28.6kg/m3 ± 20% 
Crush Strength: 0.342MPa +0% -10% 

 [in accordance with test method described in Section 2] 
 
Bumper Element 
Dimensions 
Height:  330mm [in direction of honeycomb ribbon axis] 
Width:   1000mm 
Depth:   90mm [in direction of honeycomb cell axes] 

All above dimensions ± 2.5mm 
Material:  Aluminium 3003 (BS 1470) 
Foil Thickness: 0.076mm ± 15% 
Cell Size:  6.4mm ± 20% 
Density:  82.6kg/m3 ± 20% 
Crush Strength: 1.711MPa +0% -10% 

[in accordance with test method described in Section 2] 
 
 
Backing Sheet 
Dimensions 
Height:  800mm 
Width:   1000mm 

All above dimensions ± 2.5mm 
Thickness:  2.0 ± 0.1mm 
Material:  Aluminium 5251/5052 (BS 1470) 
 

Alex
Stämpel
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Cladding Sheet 
Dimensions 
Height:  1700mm 
Width:   1000mm 

All above dimensions ± 2.5mm 
Thickness:  0.81 ± 0.07mm 
Material:  Aluminium 5251/5052 (BS 1470) 
 
Bumper Facing Sheet 
Dimensions 
Height:  330mm 
Width:   1000mm 

All above dimensions ± 2.5mm 
Thickness:  0.81 ± 0.07mm 
Material:  Aluminium 5251/5052 (BS 1470) 
 
Adhesive 
The adhesive to be used throughout shall be a two-part polyurethane (such as Ciba-Geigy 
XB5090/1 resin with XB5304 hardener, or equivalent). 
 
 
 
2  Aluminium Honeycomb Certification 
 
A complete testing procedure for certification of aluminium honeycomb is given in NHTSA TP-
214D-02.  The following is a summary of the procedure as it should be applied to 0.342MPa and 
1.711MPa material for the frontal impact barrier. 
 
2.1  Sample Locations 
To ensure uniformity of crush strength across the whole of the barrier face, 8 samples shall be 
taken from 4 locations evenly spaced across the honeycomb block.  For a block to pass 
certification, 7 of these 8 samples must meet the crush strength requirements of the following 
sections. 
The location of the samples depends on the size of the honeycomb block.  First, four samples, 
each measuring 300mm×300mm×50mm thick shall be cut from the block of barrier face 
material.  Please refer to Figure 2 for an illustration of how to locate these sections within the 
honeycomb block.  Each of these larger samples shall be cut into samples for certification testing 
(150mm×150mm×50mm).  Certification shall be based on the testing of two samples from each 
of these four locations.  The other two should be made available to the customer, upon request. 
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2.2  Sample Size 
Samples of the following size shall be used for testing: 
Length =  150mm ± 6mm 
Width = 150mm ± 6mm 
Thickness = 50mm ± 2mm 
The walls of incomplete cells around the edge of the sample shall be trimmed as follows: 
In the 'W' direction, the fringes shall be no greater than 1.8mm (see Figure 3) 
In the 'L' direction, half the length of one bonded cell wall (in the ribbon direction) shall be left at 
either end of the specimen (see Figure 3). 
 
2.3  Area Measurement 
The length of the sample shall be measured in three locations, 12.7mm from each end and in the 
middle, and recorded as L1, L2 and L3 (Figure 3).  In the same manner, the width shall be 
measured and recorded as W1, W2 and W3 (Figure 3).  These measurements shall be taken on 
the centreline of the thickness.  The crush area shall then be calculated as: 

3
W3)+W2+(W1x

3
L3)+L2+(L1=A  

2.4  Crush Rate and Distance 
The sample shall be crushed at a rate of not less than 5.1mm/min and not more than 7.6mm/min. 
 The minimum crush distance shall be 16.5mm. 
 
2.5  Data Collection 
Force versus deflection data are to be collected in either analog or digital form for each sample 
tested.  If analog data are collected then a means of converting this to digital must be available.  
All digital data must be collected at a rate of no less than 5Hz (5 points per second). 
 
2.6  Crush Strength Determination 
Ignore all data prior to 6.4mm of crush and after 16.5mm of crush.  Divide the remaining data 
into three sections or displacement intervals (n=1,2,3) (see Figure 4), where: 
 

n=1 - 6.4mm - 9.7mm inclusive 
n=2 - 9.7mm - 13.2mm exclusive 
n=3 - 13.2mm - 16.5mm inclusive 

 
For each of these three displacement intervals, calculate the average crush force F(n) using all of 
the points measured within that interval.  Thus, 

1,2,3=n;
m

])F(n...++)F(n+)[F(n
=F(n) m21  

where m is the number of data points in each of the displacement intervals. 
Using the area A, measured as described in Section 2.3, calculate the crush strength of each 
displacement interval as follows: 

1,2,3=n;
A

F(n)=S(n)  

Thus, for each sample tested, there should be three values of crush strength, each covering one of 
the displacement intervals detailed above. 
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2.7  Sample Crush Strength Specification 
For a honeycomb sample to pass this certification, the average crush strength of each of the three 
displacement intervals must meet the following condition: 
 
0.308MPa ≤ S(n) ≤ 0.342MPa for 0.342MPa material 
1.540MPa ≤ S(n) ≤ 1.711MPa for 1.711MPa material 
 
n=1,2,3 
 
Note:  It is not satisfactory to calculate the crush strength averaged over the entire crush distance 
(6.4mm - 16.5mm).  A sample may give an overall average that satisfies the requirement, while 
individual displacement intervals may not.  The procedure of Section 2.6 must therefore be 
followed. 
 
2.8  Block Crush Strength Specification 
Eight samples are to be tested from four locations, evenly spaced across the block.  For a block 
to pass certification, 7 of the 8 samples must meet the crush strength specification of the previous 
section. 
 
 
3  Adhesive Bonding Procedure 
 
Immediately before bonding, Aluminium sheet surfaces to be bonded shall be thoroughly cleaned 
using a suitable solvent, such as 1,1,1 Trichloroethane.  This is to be carried out at least twice or 
as required to eliminate grease or dirt deposits.  The cleaned surfaces shall then be abraded using 
120 grit abrasive paper.  Metallic/Silicon Carbide abrasive paper is not to be used.  The surfaces 
must be thoroughly abraded and the abrasive paper changed regularly during the process to avoid 
clogging, which may lead to a polishing effect.  Following abrading, the surfaces shall be 
thoroughly cleaned again, as above.  In total, the surfaces shall be solvent cleaned at least four 
times.  All dust and deposits left as a result of the abrading process must be removed, as these 
will adversely affect bonding. 
 
The adhesive shall be applied to one surface only, using a ribbed rubber roller.  In cases where 
honeycomb is to be bonded to Aluminium sheet, the adhesive should be applied to the 
Aluminium sheet only.  A maximum of 0.5kg/m2 shall be applied evenly over the surface, giving 
a maximum film thickness of 0.5mm. 
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4  Construction 
 
The main honeycomb block shall be adhesively bonded to the backing sheet such that the cell 
axes are perpendicular to the sheet.  The cladding sheet shall be bonded to the front surface of 
the honeycomb block.  The top and bottom surfaces of the cladding sheet shall NOT be bonded 
to the main honeycomb block but should be positioned closely to it.  The cladding sheet shall be 
adhesively bonded to the backing sheet at the mounting flanges. 
 
The bumper element shall be adhesively bonded to the front of the cladding sheet such that the 
cell axes are perpendicular to the sheet.  The bottom of the bumper element shall be flush with 
the bottom surface of the cladding sheet.  The bumper facing sheet shall be adhesively bonded to 
the front of the bumper element. 
The bumper element shall then be divided into three equal sections by means of two horizontal 
slots.  These slots shall be cut through the entire depth of the bumper section and extend the 
whole width of the bumper.  The slots shall be cut using a saw; their width shall be the width of 
the blade used and shall not exceed 4.0mm. 
 
Clearance holes for mounting the barrier are to be drilled in the mounting flanges (shown in 
Figure 5).  The holes shall be of 9.5mm diameter.  Five holes shall be drilled in the top flange at 
a distance of 40mm from the top edge of the flange and five in the bottom flange, 40mm from the 
bottom edge of that flange.  The holes shall be at 100mm, 300mm, 500mm, 700mm, 900mm 
from either edge of the barrier.  All holes shall be drilled to ±1mm of the nominal distances. 
These hole locations are a recommendation only. Alternative positions may be used which offer 
at least the mounting strength and security as that provided by the above mounting 
specifications. 
 
 
5  Mounting 
 
The deformable barrier shall be rigidly fixed to the edge of a block of reinforced concrete 
weighing at least 70 tonnes or to some structure attached thereto.  The attachment of the barrier 
face shall be such that the vehicle shall not come into contact with any structure at any height 
above 75mm from the top surface of the barrier (excluding the upper flange) during any stage of 
the impact.  The front face of the surface to which the deformable face is attached shall be flat 
and continuous over the height and width of the face and shall be vertical and perpendicular to 
the axis of the run-up track.  The attachment surface shall not be displaced by more than 10mm 
during any stage of the test. If necessary, additional anchorage or arresting devices shall be used 
to prevent displacement of the concrete block.  The edge of the deformable barrier shall be 
aligned with the edge of the attachment surface appropriate for the side of the vehicle to be 
tested. 
 
The deformable barrier shall be attached by means of ten bolts, five in the top mounting 
flange and five in the bottom.  These bolts shall be of at least 8mm diameter.  Steel clamping 
strips shall be used for both the top and bottom mounting flanges (see Figure 2).  These strips 
shall be 60mm high and 1000mm wide and have a thickness of at least 3mm. The edges of 
the clamping strips should be rounded off to prevent tearing of the barrier against the strip 
during impact. The edge of the strip should be located no more than 5mm above the base of 
the upper barrier mounting flange, or 5mm below the top of the lower barrier mounting 
flange. Five clearance holes of 9.5mm diameter shall be drilled in both strips to correspond 
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with those in the mounting flange on the barrier (see Section 4). The mounting strip and 
barrier flange holes may be widened from 9.5mm up to a maximum of 25mm in order to 
accommodate differences in back-plate arrangements and/or load cell wall hole 
configurations. None of the fixtures shall fail in the impact test. 
In the case where the deformable barrier is mounted on a load cell wall (LCW) it should be 
noted that the above dimensional requirements for mountings are intended as a minimum. 
Where a LCW is present, the mounting strips may be extended to accommodate higher 
mounting holes for the bolts. If the strips are required to be extended, then thicker gauge steel 
should be used accordingly, such that the barrier does not pull away from the wall, bend or 
tear during the impact. If an alternative method of mounting the barrier is used, it should be 
at least as secure as that specified in the above paragraphs. 
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 Figure 2  Locations of Samples for Certification 
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Figure 3  Honeycomb Axes and Measured Dimensions 
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Figure 4  Schematic Load-Displacement Trace for Honeycomb Certification 

 

1,2,3=n;
A

F(n)=  S(n) StrengthCrush  
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Figure 5  Recommended Positions of Holes for Barrier Mounting 

 
 
 



Appendix 3. Honeycomb manufacturers 
 
 

 
 



Appendix 4. Geometry of the ODB 
 
All dimensions for the shell components are based on their mid-surfaces.  
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1. Main block 
2. Cladding sheet 
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4. Bumper facing sheet 
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Appendix 5. Correlation 
 
 
Correlated material model MAT_MODIFIED_HONEYCOMB 
 
Both the Main block and Bumper elements contained parameters necessary to change for 
better correlation.  
 
Main block 
 
The correlated parameters and values of material model MAT_MODIFIED_HONEYCOMB 
for the Main block are shown below in table 15 - 18. 
 
Table 15. LS-DYNA variables changed in MAT_MODIFIED_HONEYCOMB for the Main block. 
LS-DYNA variable Bumper elements (after 

correlation) 
Bumper elements (before 
correlation) 

VF 0.05 0.20 
 
Table 16. Crush strength in the T-direction, LCA, of the honeycomb in material model 
MAT_MODIFIED_HONEYCOMB for the Main block. 

Strain Stress [MPa] 
-1000 0.000

0 0.040
0.2 0.350

1000 0.350
 
Table 17. Crush strength in the L- and W-direction, LCB and LCC, of the honeycomb in material model 
MAT_MODIFIED_HONEYCOMB for the Main block. 

Strain Stress [MPa]
-1000 0.015

0 0.015
1 0.015

1000 0.015
 
Table 18. Shear strength in the T-W-, W-L- and L-T-direction, LCAB, LCBC and LCCA, of the honeycomb in 
material model MAT_MODIFIED_HONEYCOMB for the Main block. 

Strain Stress [MPa]
-1000 0.090

0 0.090
1.6 0.090

1000 0.090
 
 
 
 
 
 
Bumper elements 
 

 
 



The correlated parameters and values of material model MAT_MODIFIED_HONEYCOMB 
for the Bumper elements are shown below in table 19 - 22. 
 
Table 19. LS-DYNA variables changed in MAT_MODIFIED_HONEYCOMB for the Bumper elements. 
LS-DYNA variable Bumper elements (after 

correlation) 
Bumper elements (before 
correlation) 

VF 0.05 0.20 
 
Table 20. Crush strength in the T-direction, LCA, of the honeycomb in material model 
MAT_MODIFIED_HONEYCOMB for the Bumper elements. 

Strain Stress [MPa] 
-1000 0.000

0 0.190
0.112 1.750
1000 1.750

 
Table 21. Crush strength in the L- and W-direction, LCB and LCC, of the honeycomb in material model 
MAT_MODIFIED_HONEYCOMB for the Bumper elements. 

Strain Stress [MPa] 
-1000 0.08750

0 0.08750
1 0.08750

1000 0.08750
 
Table 22. Shear strength in the T-W-, W-L- and L-T-direction, LCAB, LCBC and LCCA, of the honeycomb in 
material model MAT_MODIFIED_HONEYCOMB for the Bumper elements. 

Strain Stress [MPa] 
-1000 0.100

0 0.100
1.6 0.100

1000 0.100
 
 
Correlated material model MAT_HONEYCOMB 
 
Both the Main block and Bumper elements contained parameters necessary to change for 
better correlation. 
 
Main block 
 
The correlated parameters and values of the Main block are shown below in table 23 - 27.   
 
Table 23. LS-DYNA variable changed in MAT_HONEYCOMB for the Main block.  
LS-DYNA variable Main block (after 

correlation) 
Main block (before 
correlation) 

VF 0.05 0.20 
 
Table 24. Crush strength in the T-direction, LCA, of the honeycomb in material model MAT_HONEYCOMB for 
the Main block.  

Strain Stress [MPa] 
-1000 0.000

 
 



0.00 0.000
0.04 0.220
0.28 0.265
1.00 0.270
1000 0.270

 
Table 25. Crush strength in the L- and W-direction, LCB and LCC, of the honeycomb in material model 
MAT_HONEYCOMB for the Main block. 

Strain Stress [MPa] 
-1000 0.000

0.00 0.000
0.07 0.010
0.28 0.015
1.00 0.030
1000 0.030

 
Table 26. Shear strength in the T-W- and L-T-direction, LCAB and LCCA, of the honeycomb in material model 
MAT_HONEYCOMB for the Main block. 

Strain Stress [MPa] 
-1000 0.055

0.00 0.055
0.45 0.055
0.55 0.038
1.00 0.038
1000 0.038

 
Table 27. Shear strength in the W-L-direction, LCBC, of the honeycomb in material model MAT_HONEYCOMB 
for the Main block. 

Strain Stress [MPa] 
-1000 0.0895

0.00 0.0895
0.45 0.0895
0.55 0.0620
1.00 0.0620
1000 0.0620

 
Bumper elements 
 
The correlated parameters and values of the Bumper elements are shown below in table 28 - 
32.   
 
Table 28. LS-DYNA variable changed in MAT_HONEYCOMB for the Bumper elements.  
LS-DYNA variable Bumper elements(after 

correlation) 
Bumper elements(before 
correlation) 

VF 0.05 0.20 
 
Table 29. Crush strength in the T-direction, LCA, of the honeycomb in material model MAT_HONEYCOMB 
for the Bumper elements.  

Strain Stress [MPa] 
-1000 0.00000

 
 



0.00 0.00000
0.20 1.48586
0.40 1.78979
1.00 1.83428
1000 1.83428

 
Table 30. Crush strength in the L- and W-direction, LCB and LCC, of the honeycomb in material model 
MAT_HONEYCOMB for the Bumper elements. 

Strain Stress [MPa] 
-1000 0.00000

0.00 0.00000
0.07 0.06913
0.28 0.12015
1.00 0.12285
1000 0.12285

 
Table 31. Shear strength in the T-W- and L-T-direction, LCAB and LCCA, of the honeycomb in material model 
MAT_HONEYCOMB for the Bumper elements. 

Strain Stress [MPa] 
-1000 0.59500

0.00 0.59500
0.45 0.59500
0.55 0.41100
1.00 0.41100
1000 0.41100

 
Table 32. Shear strength in the W-L-direction, LCBC, of the honeycomb in material model 
MAT_HONEYCOMB for the Bumper elements. 

Strain Stress [MPa] 
-1000 0.37000

0.00 0.37000
0.45 0.37000
0.55 0.25630
1.00 0.25630
1000 0.25630

 
Correlated material model MAT_PIECEWISE_LINEAR_PLASTICITY 
 
The FAIL, plastic strain to failure, parameter in the Cladding sheet and Bumper facing sheets 
were changed from 7 to 8 %. 

 
 



Appendix 6. 64 kmph simulations of both material models 
 
The force vs. intrusion diagrams resulted from the simulations at 64 kmph are shown below in 
Figure 49 - 53.  
 

 
Figure 49. Test 1, HT07236, 64 kmph simulation of material model MAT_HONEYCOMB and 

MAT_MODIFIED_HONEYCOMB. 
 

 
 



 
Figure 50. Test 2, HT07237, 64 kmph simulation of material model MAT_HONEYCOMB and 

MAT_MODIFIED_HONEYCOMB. 
 

 
 



 
Figure 51. Test 3, HT07238, 64 kmph simulation of material model MAT_HONEYCOMB and 

MAT_MODIFIED_HONEYCOMB. 
 

 
 



 
Figure 52. Test 4, 64 kmph simulation of material model MAT_HONEYCOMB and 

MAT_MODIFIED_HONEYCOMB. 
 

 
 



 
Figure 53. Test 5, 64 kmph simulation of material model MAT_HONEYCOMB and 

MAT_MODIFIED_HONEYCOMB. 
 

 
 

 
 



Appendix 7. Visual comparison of the material models 
 

HT07236 in 64kmph 
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HT07237 in 64kmph 
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HT07238 in 64kmph 
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HT07236 
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HT07237 
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HT07238 
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Test 4 in 64 kmph 
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Test 5 in 64 kmph 
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