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“Essentially, all models are wrong, but some are useful”  
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ABSTRACT 
 

In crashes, fracture of Ductile Cast Iron (DCI) components can have a big influence on the 

global behaviour of the structure and the survival probability of the driver. 

In this thesis the material model *MAT_224 is parameterized for one ferritic-pearlitic grade, 

SS-0727-02, of DCI. The aim is to better describe the fracture and yielding of DCI 

components in crash simulations using the FE-code LS-DYNA. This is done by mechanical 

testing and simulations where the hardening behaviour and failure criteria are quantified. The 

failure criteria are defined by a failure strain surface, which depends on the stress triaxiality 

and the lode parameter. 

Tensile and torsion testing were performed to determine the model material parameters. 

Several different types of test specimens have been designed and tested. The goal when 

designing the specimen is to have a large variety of stress states at failure. To evaluate the 

parameterized material model three different types of validations tests, using bending and 

component testing, have been performed. 

The parameterized material model is able to predict the force at failure for several different 

stress states in a satisfying way. Still, the final failure is not predicted satisfactorily all the 

way, probably due to technological reasons. Thus, more mechanical test is recommended in 

order to validate the model further. 
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SAMMANFATTNING 
 

Vid krockförlopp kan brott i segjärnskomponenter ha en stor inverkan på strukturens globala 

beteende och även på förarens överlevnads chanser.  

I denna uppsats har materialmodellen *MAT_224 parametriseras för en ferritisk-perlitisk 

klass, SS-0727-02, av segjärn. Målet är att på ett bättre sätt kunna beskriva deformation och 

brott i segjärnskomponenter vid krocksimuleringar utförda med FE-koden LS-DYNA. Detta 

genomförs med mekanisk provning och simuleringar där hårdnandet och ett brottkriterium har 

kvantifierats. Brottkriteriet har definierats av en brottyta bestående av plastisk töjning, 

spänningstriaxialitet och lode parametern. 

Drag och vridprov har genomförts för att fastställa materialets parametrar. Flera olika typer av 

provstavar har blivit designade och testade. Målen vid konstruktionen av provstavarna är att 

ha en stor spridning i spänningstillstånd vid brott. För att utvärdera den parametriserade 

materialmodellen har tre olika typer av validerade prov, bestående av böjning och ett 

komponentprov genomförs.  

Den parametriserade materialmodellen har på ett tillfredsställande sätt kunnat förutsäga 

brottkraften för flera olika spänningstillstånd. Dock är den slutgiltiga brottförlängningen inte 

förutsagt helt tillfredsställande, detta troligen på grund av tekniska svårigheter. 

Komplementerande provning rekommenderas för att validera modellen ytterligare. 
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NOMENCLATURE 
 

 Symbol Meaning  

    

 σ  Stress  

 
ijσ  Cauchy stress tensor  

 
xx ,

yy , zz  Normal stresses  

 
xyσ , xzσ , 

yxσ , 
yz , zx ,

zy  Shear stress  

 
321n ,,:   Principal stresses  

 
321 I,I,I  Stress tensor invariants  

 
ijs  Stress deviator  

 
h  Hydrostatic stress  

 ij  Kronecker delta  

 
321 J,J,J  Deviatoric stress invariants  

 
vM  von Mises stress  

 P Magnitude of the deviatoric 

stress tensor 

 

   Lode angle  

 z The hydrostatic axis  

   Lode parameter  

   Stress triaxiality  

 E Young’s modulus  

   Nominal strain  

 
y  Elastic yield strain  

 q Strain hardening component  

 
y  Yield stress  

 
e  Equivalent stress  

  ijf   von Mises yield criteria  

 
0  Initial yield stress  

  z  Strain rate dependent factor  

 C, p Cowper-Symonds strain rate 

parameters 

 

   Strain rate  

 pf  Plastic failure strain  

 p  Plastic strain rate  

 T Temperature  

 M Mass matrix  

 C Damping matrix  

 K Stiffness matrix  

 U  Displacement vector  

 U  Velocity vector  



 vii  

 U  Acceleration vector  

 R  External load vector  

 a Acceleration  

 Fi Internal force vector  

 Fe External force vector  

 d Displacement   

 v Velocity  

 n Number of states   

 t  Time step   

 
max  Highest natural frequencies  

 c Speed of sound  

 V Volume  

 Amax Largest side area  

 l Characteristic element length  

 
T  True stress  

 
N  Nominal stress  

 
T  True Strain  
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1 INTRODUCTION 
 

Scanias vision is to be the leading company in the industry by creating sustainable values for 

the customers, employees and shareholders. Scania is today one of the leading manufacturer 

of trucks and buses for heavy transports and for industrial- and marine- engines. They have 

sales and service organisations in over 100 countries and more than 35000 employees 

worldwide. Of those are about 2400 persons working in the area of research and development 

(R&D), most of them in Sweden nearby the company’s productions sites. Scania headquarters 

are located in Södertälje, Sweden, where the main part of the company’s R&D is sited. [1]  

In development of new products, simulation has an increasing role. This is an effective 

method to shorten the developing process, since cost and time consuming physical testing 

then could be decreased. This applies to many areas e.g. structural analysis such as strength-, 

fatigue- and crash simulations. A prerequisite to be able to perform simulations is to have 

material models that describe the behaviour of different components. In the case of crash 

simulations large deformations are common and therefore it is necessary to be able to describe 

the yield and failure behaviour at large strains. Scania cab development department would 

like to improve the material model for fracture simulations of Ductile Cast Iron (DCI). Casted 

components can have microstructures affected by the casting process and a rough surface 

which make the components difficult to model. Some DCI components, e.g. parts of the cab 

suspension, have a big influence on the driver’s survival probability in a crash. Therefore it is 

of importance to be able to simulate DCI failure. 

The aim of this thesis is to improve Scanias current material model for DCI to better describe 

the mechanical behaviour that also take fracture into account. The objective is to reduce the 

cost and time for the development of new products e.g. cab suspensions and chassis fronts.  

Mechanical testing is required in order to improve the material model to better predict failure 

for different types of stress states. Several different specimens were designed. The goal when 

designing the specimens is to have a large variety of stress states at failure. The specimens 

were loaded until failure and the stress strain curves were obtained. The tests were modelled 

and simulated in the FE-code LS-DYNA where for each specimen, the stress strain results 

were compared to the mechanical test. When agreement between the mechanical tests and the 

simulation are found, the effective plastic strain, lode parameter and the stress triaxiality are 

recorded for the critical element at the instance of failure. The values of effective plastic 

strain, the lode parameter and the stress triaxiality are used to create a 3D chart. Using Matlab, 

an interpolation from the given points in the 3D chart is made to create a failure strain surface. 

The failure strain surface, as function of the lode parameter and the stress triaxiality, is 

implemented in the material model and some validation testing is performed to verify the 

parameterized material model. An evaluation of the cast surface influence is performed. Due 

to the often high rates associated to crashes the material will be tested at high strain rates. 

Which type of elements the simulation model consists of can in some cases have an influence 

on the result. Three types of elements are therefore evaluated and compared.  
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The thesis begins with a theoretical background regarding solid mechanics, fracture 

mechanics and viscoplasticity. Followed by a description of the material model *MAT_224 

and basic Finite Element Method (FEM) theory. In Chapter 3 the method, the investigated 

material, the test specimens and the mechanical tests are described in detail. The FEM 

analysis is also presented in chapter 3 together with the validations tests. In chapter 4, the 

result from the mechanical tests and simulations are presented and compared with each other. 

An element influence study and the validation test results are also presented in this chapter. 

The thesis ends with a discussion that also states the conclusions that could be drawn from the 

presented results. Suggestions for future work are also provided in this chapter.  

Due to limited time and resources available for the thesis, delimitations have been done. The 

simulations will be done by using the explicit solver in LS-DYNA utilizing the pre- and post-

processor Ansa and µeta, respectively. The material will be parameterized using the material 

model *MAT_224 where temperature influence, and long term time dependency (creep) will 

not be taken into account. In *MAT_224 failure are assumed to be dependent on the plastic 

strain and the stress state where the stress state is defined by the stress triaxiality and the lode 

parameter. The material will be assumed to be isotropic and have isotropic hardening. The 

von Mises yield criteria will be applied. In the simulations fully integrated hexahedron, linear 

and parabolic tetrahedron elements will be used. In Scanias crash simulations a mesh size 

corresponding to at least a maximum stable time step of 0,63 microseconds are used. 

Therefore, the same mesh size will be applied in this thesis. In crashes the strain rate can 

reach high values in specific components, due to this some high speed tensile test will be 

done. With some exceptions the author will perform the main part of the mechanical testing.   
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2 THEORETIC BACKGROUND 
 

In this chapter the theoretic background for this thesis is described. In the first section the 

basics of solid mechanics theory and the concept of stress triaxiality and lode parameter 

dependence are introduced. This is followed by a discussion of the mechanisms behind 

deformation, hardening and yielding. Viscoplasticity, the material model *MAT_224 and 

FEM analysis are described as well. 

2.1 STRESS ANALYSIS 

The stress state is often described by the Cauchy stress tensor which is defined as: [2] 
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 (1) 

 

Where xx , 
yy  and zz  are the normal stresses and 

xy , xz , 
yx , 

yz , zx  and 
zy  are the 

shear stresses in the chosen coordinate system x,y,z. It is also possible do define the stress 

state via the principal stresses 1 , 2 and 3 , which often are ordered as: 

 
321   (2) 

 

These are found from the solution to the eigenvalue problem: 

 injij nσnσ   (3) 

 

where the solution to the problem are the three normal stresses. The maximum normal stress 

acting in any point is therefore obtained as the largest principal stress 1 . Correspondingly 

the minimum normal stress is given by the smallest principal stress 3 . Since pressure is a 

negative stress the largest pressure acting on any surface is defined by 3 . It is also 

convenient to define the stress tensors invariants: 
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The stresses can be divided into a hydrostatic part and a deviatoric part. By a hydrostatic state 

it is meant a stress state such that,  
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hzyx   (5) 

 

where all the shear stresses vanish. The deviatoric part of the stress state is defines as: 

 ijhijijs    (6) 

 

Where h  is the hydrostatic part and 
ij  is the kronecker delta, both of them defined below 

as: 
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The deviatoric stress tensor has the invariants: 
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It can be convenient to deal with the stress state via the three principal components and 

represent the stress state in the Haigh-Westergaard space, Figure 1, where the three 

coordinates are the principal stresses. [3] [4] In the Haigh-Westergaard space the stress state is 

represented by a specific point S.  
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Figure 1: The stress state represented in the Haigh-Westergaard space  321 ,,   and 

the point S defined by the cylindrical coordinates  z,θ,P . 

 

The z-axis is called the hydrostatic axis, where all the principal stresses are equal. The plane 

perpendicular to z is the  - plane, also seen in Figure 2, where P is the magnitude of the 

deviatoric stress tensor which is represented by the radius in Figure 1 and defined as: 

 

vMσ
3

2
P   (10) 

 

Where vM  is the well-known von Mises stress defined as: 
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The z-axis in the Haigh-Westergaard space is defined as: 

 
hσ3z   (12) 

 

 It is also possible to expresses the three cylindrical coordinates via the three stress invariants

321 ,, JJI , which are respectively the first stress tensor invariant and the second and third 

deviatoric stress invariants, according to: 
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Figure 2:  -plane, definition of the lode angle is seen in the figure.  

 

The lode angle   is the angle between 1  and the current stress state S, see Figure 2. The 

lode angle parameter or lode parameter is defined as below:   
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The stress triaxiality   is a dimensionless parameter defined as the ratio between the 

hydrostatic stress and the von Mises stress and is given by equation 17. The stress triaxiality 

describes the stress state and is defined for the interval   ,  where zero is pure shear, 

negative values pressure and positive values are tension, some examples can be seen in Figure 

3. 
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J33
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Figure 3: Values of stress triaxiality in different stress states. 

 

2.2 PLASTIC YIELD CRITERIA  

In a crystalline material e.g. single crystals of metal, the atoms are arranged in rows and 

columns with a regular structure i.e. lattice, see Figure 4. The atoms are connected to each 

other with metallic bonding, where the atoms are sharing electrons with each other. The 

shared electrons are referred to as the electron cloud. The metallic bonding accounts for many 

of the properties of metals, such as strength, ductility, thermal and electrical resistivity, 

conductivity and luster.  

 

Figure 4: Metallic lattice. 

 

When a metallic specimen is loaded it will deform, i.e. change shape in the direction of the 

load. The deformation is often divided into two parts, elastic and plastic deformation. [2] The 

elastic deformations which occur at the atomic level are reversible, i.e. after the load is 

removed the specimen will go back to its original shape. The elastic part is represented as the 

first linear part of the stress strain curve, an example curve can be seen in Figure 5. After y  

is reached the material will deform plastically, which is an irreversible deformation. Plastic 

deformation occurs within the crystals structure, with a mechanism called slip, which forces 

the atoms to change place. This process creates defects, called dislocations and as the 

deformations increase a larger number of dislocations will be created. These dislocations also 

act as obstacles for dislocation motions. This will prevent further movement in the lattice, i.e. 

the material hardens. 
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Figure 5: Stress-strain for elastic-plastic behaviour. 

 

This type of curve can be modelled by an analytic expression:  
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Where E is the Young’s modulus,   is the nominal strain, y  is the elastic yield strain, q is 

the strain hardening exponent and y  is the yield stress. The yield stress can according to 

Hook’s law be written as: 

 
yy E   (19) 

 

For isotropic materials the most commonly used yield criteria is the von Mises yield criteria, 

defined as: 

     sijeijf   (20) 

 

where 
e  is the equivalent stress. If 0f  no plastic deformation will occur but when 0f  

and 0f  the material will flow plastically. The yield surface forms a cylinder with the 

hydrostatic axis as its centre line, see Figure 1. As long as the stress is inside the cylinder, no 

plastic deformation will occur. 

2.3 FRACTURE 

Fracture of material is often divided into two groups, brittle and ductile. Brittle fracture is 

characterized by the lack of plastic deformation i.e. the materials ability to absorb energy is 

low. These fractures are recognized by a flat and smooth fracture surface. Also material with a 

high ductility can experience brittle fracture at low temperatures. Most material have a 

specific temperature where they transit from ductile to brittle fracture, called the glass 
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transition temperature. Ductile fractures are contrary to brittle categorized by large plastic 

deformation and a pronounced reduction in the load carrying area. In the ductile fracture 

surface it is often possible to find elongated dimples and microvoids. [2]  

2.4 VISCOPLASTICITY 

Viscoplastic behaviour is important to account for in crash simulations due to the high strain 

rates. Viscoplasticity theory describes the rate dependence of the plastic deformation. For 

strains higher than 1s
-1

 stiffer behaviour is often observed, see Figure 6. [2] This behaviour 

can be explained with the atoms inertia, which complicated the movement of the atoms, and 

therefore provides a more rigid behaviour.  

 

Figure 6: Illustration of a strain rate dependent uniaxial stress-strain curve. 

 

This behaviour can be modelled in a number of ways, one common way is the Cowper-

Symonds equation seen in equation 21, which scales the yield stress by the strain rate 

dependent factor  z . [5] 
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z

1
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  (21) 

 

Where C and p are the Cowper-Symonds strain rate parameters, 
0  is the initial flow stress 

and  is the strain rate. 

2.5 THE MATERIAL MODEL *MAT_224 

The *MAT_224 is an elastic-viscoplastic material model with user tabulated stress-strain 

curves that is strain rate dependent. [6] In this model the material will harden isotropically. 

The model is also called *MAT_TABULATED_JOHNSON_COOK in LS-DYNA. In the 

model a failure criteria can be defined by a failure strain surface 
pf . This surface is a 

function of stress triaxiality, lode parameter, plastic strain rate, temperature and element size. 
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        liThg pfpf  ,  (22) 

 

Where 
p  is the plastic strain rate, T  is the temperature and l  is the characteristic element 

length. When a specific number of integration points in an element reach 
pf  the element will 

be eroded. The number of integration points is chosen by the user. This model can be used for 

both shells and solids. In this thesis only solids will be studied and the temperature 

dependence will not be taken into account. This gives the reduced equation: 

      lig, pfpf    (23) 

 

2.6 EXPLICIT FEM ANALYSIS 

Explicit and implicit integration are numerical methods to obtain solutions of ordinary and 

partial differential equations. [7] Explicit integration calculates the state of the system at a 

later time using the current state. Implicit integration calculates the state of the system at a 

later time using the current and the later state. The implicit method is more computational 

costly for each time step, but can take large time steps. The explicit method is, compared to 

the implicit method, less costly per time step but requires small time steps. In fast dynamic 

problems, e.g. crash simulations, explicit method are widely used. The differential equation is 

defined as: [8] 

        tRtKUtUCtUM    (24) 

 

Where M, C and K are the mass, damping and stiffness matrices respectively, R is the vector 

of externally applied loads and U, U  and U , are the displacement, velocity and acceleration 

vectors, respectively. For an undamped system the equation can be formulated as: 

 
ei FFMa   (25) 

 

Where a is the acceleration vector, Fi and Fe are the internal force vector and external force 

vector, respectively. The internal force vector can in a linear elastic analysis be written as: 

 KdFi   (26) 

 

Where d is the displacement vector and K is the stiffness matrix. In linear problems K is 

constant, in nonlinear problems it depends on the deformation. This transforms the equations 

of motion into nonlinear differential equations. In explicit codes, these are commonly solved 

using the central difference method. The explicit code has the general form: 

 ,...)d,a,v,d(fd 1nnnn1n    (27) 
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Where v is the velocity and n is the number of increments to reach the current state. All these 

variables from both the current and the previous states are known. In an explicit analysis the 

calculation is stable for an undamped system if: 

 

max

2
t


  (28) 

 

Where t  is the current time increment and 
max  is the highest natural frequencie in the 

material, calculated from: 

   0det 2  MK   (29) 

 

If the time step is too large the calculation will fail and if it is too small the problem will be 

computationally costly. One common approximation to calculate a stable time step is to use 

the Courant-Friedrichs-Lewy condition, where the critical time step is calculated by the 

smallest characteristic element length l and the speed of sound c in the material. [9]  

 

c

l
t   (30) 

 

For solid elastic element with a constant bulk modulus the speed of sound are calculated by: 

  
  




211

1E
c  (31) 

 

In LS-DYNA the characteristic element length for eight node solid hexahedral elements is 

calculated by equation 32. For four node tetrahedral elements the characteristic element length 

is the minimum side length in the element, see equation 33. 

 

maxA

V
lhex   (32) 

 

 
minlltet   (33) 

 

Where Amax is the greatest side area of the element, V is the volume and lmin is the minimum 

side length. 
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3 METHOD 
 

In this chapter the method of this thesis is presented. First is the investigated material 

described in detail, secondly is the test specimens and the testing methods used in the 

mechanical tests described. The details of the FEM modelling are also presented in this 

chapter together with the validation tests. 

3.1 MATERIAL 

3.1.1 CAST IRON 

Cast Iron is an ferrous alloy where the main alloying element is carbon (C) and silicon (Si), 

typically in the range of 2,1-4 wt% and 1-3 wt% respectively. Cast iron is often divided into 

several subgroups, Grey iron, White iron, Malleable iron and DCI. For a better cast ability 

surplus carbon is added in the material. When the material solidifies the carbon will 

precipitate in flakes in the matrix. Grey iron is the most commonly used and its structure is 

pearlitic with flakes of graphite distributed inside the matrix. The pearlitic structure is a fine 

mixture of ferrite and iron carbide, also known as cementite. Ferrite is a material science term 

for iron with BCC (Body centred cubic) structure and iron carbide is hard and brittle phase 

with the chemical composition Fe3C. In this thesis only DCI is considered.  

3.1.2 DUCTILE CAST IRON  

Ductile Cast Iron or DCI is also called Ductile iron, Nodular cast iron, Spheroidal graphite 

iron, Spherulitic graphite iron or SG iron, in this thesis DCI will be used. [10] DCI is a cast 

iron where by alloying with a small amount of, typically manganese, the carbon precipitates 

are formed as spheres. While most varieties of cast iron are brittle, DCI have a higher ductility 

and strength compared with for example Grey Iron. The increased strength and ductility is 

due to the sphere like precipitates in the matrix. For some DCI the ductility can be increased 

so that the failure elongation reaches 25%. 

3.1.3 INVESTIGATED MATERIAL 

According to the supplier the ordered billets had the alloying elements listed in Table 1 which 

follows the Swedish standard SS-0727-02. The requirements given to the supplier are listed in 

Table 2  

Table 1: Alloying elements in the tested material 

Alloying 

element 

C Si Mn P S Ni Mg 

wt% 3,2-4.0 1,5-2,8 0,05-1,0 0-0,08 0-0,02 0-2,0 0,02-0,08 
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Table 2: Material requirements 

# Requirements 

1 At least 80% of the graphite shall be in 

spheroidal form 

2 The matrix shall be pearlitic-ferritic 

3 The pearlite content shall be >20% 

4 The content of free cementite must not exceed 

1% 

5 Flotation of graphite is not allowed anywhere in 

the casting 

 

The material was ordered in the form of a number of cast billets. The test specimens were 

machined from the billets where for most of the specimens the cast surface was removed. The 

cast surface influence was investigated in one type of specimen. Only the core part where 

used to create the test specimens, the outer tubes are designed so that any cast defects are 

localized within the tubes and to ensure that the specimens are as isotropic as possible. The 

billets can be seen in Figure 7. 

 

 

Figure 7: Cast billet. 

. 

3.2 MECHANICAL TESTING 

3.2.1 TEST SPECIMENS 

To be able to fit the parameters in *MAT_224 mechanical testing is necessary. The results 

from these tests are used to parameterize the material model and therefore the shape and 

dimensions of the test specimens are critical. The data will be used to create the failure strain 

surface and an even distribution over the surface is desirable. Thirteen different types of test 

specimens have been designed. They are divided into six categories, axisymmetric, flat, flat-

grooved, torque, high strain-rate and bending. The bending specimen will be used for 

validation.  

3.2.2 AXISYMMETRIC SPECIMEN 

Three types of axisymmetric specimens where tested, all with a total length of 150 mm and a 

major diameter of 18,2 mm. The other dimensions are listed in Table 3. A sketch of the 

specimen is seen in Figure 8, where the varied dimensions are visualized.  
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Figure 8: axisymmetric specimens. 

 

Table 3: Dimensions on the axisymmetric specimen 

Specimen L [mm] d [mm] R [mm] 

221G 70 16 10 

221H 0 16 26 

221I 0 14 10 

 

The specimen with L=0 are notched specimens with a radius according to the table where 

they are defined. 

3.2.3 FLAT SPECIMEN 

Four different types of flat specimens where tested, the outer major dimensions were 

200x75x6 mm. The other dimensions of the first three specimens are listed in Table 4 and 

explained in Figure 9. The fourth specimen are shown in Figure 10 and the dimensions are 

listed in Table 5 

  

Figure 9: Specimen 217D, 217E and 217F. 
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Table 4: Dimensions of the flat specimen, 217D, 217E and 217F 

Specimen L [mm] H [mm] R [mm] 

217D 100 56 9,5 

217E 0 19 28 

217F 0 19 20 

 

 

Figure 10: Specimen 213A. 

 

Table 5: Dimensions of specimen 213A 

Specimen L [mm] H [mm] R [mm] 

213A 24 39 24 

 

3.2.4 FLAT-GROOVED SPECIMEN 

Two different types of flat-grooved specimens were tested. The major dimensions were 

133x50x15 mm for 241E and 133x35x15 mm for 241F. A sketch is seen in Figure 11 and the 

dimensions are listed in Table 6. 

 

Figure 11: Generalized figure of the flat-grooved specimen. 

  

Table 6: Dimensions of the flat-grooved specimen 

Specimen R [mm] H [mm] 

241E 30 6 

241F 3,75 7,5 
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3.2.5 TORQUE SPECIMEN 

The torque test specimen is an axisymmetric specimen with a square section at each side. The 

square section is made so that the specimen can be fitted to the testing equipment. The 

geometry can be seen in Figure 12 and the dimensions are listed in Table 7. 

 

Figure 12: Torque specimen. 

 

Table 7: Dimensions on the torque test specimen, 261A 

Dimensions a [mm] D [mm] d [mm] L [mm] L1 [mm] L2 [mm] R [mm] 

# 18,6 18 16 150 15 70 14 

 

3.2.6 STRAIN-RATE SPECIMEN 

The high strain rate test was performed at Luleå University of Technology (LTU). 

Technicians at LTU decided the dimensions of the specimen based on requirements of the 

testing equipment. The geometry can be seen in Figure 13 and the dimensions are listed in 

Table 8. 

 

Figure 13: The high strain rate test specimen. 

 

Table 8:Dimension of the high strain rate test specimen 

# Dimensions [mm] 

L1 425 

L2 300 

L3 60 

a 28 

b 2 

R1 10,75 
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R2 10,5 

R3 12 

D 7,9 

H 8 

 

3.2.7 BENDING SPECIMEN 

The bending test specimen has a rectangular cross section and a length of 150 mm. The 

purpose of the bending specimen is to evaluate the parameterized material model and to 

investigate the influence of the cast surface. Therefore two different types are designed, one 

with a cast surface and one with a machined surface. Due to that the bending specimens are 

from the same billet the specimen with cast surface will be slightly larger than those with 

machined surfaces. The specimen with machined surface is denoted ID 1 and the specimen 

with cast surface ID 2. The bending specimen can be seen in Figure 14 and the dimensions are 

listed in Table 9. 

 

Figure 14: The bending test specimen. 

 

Table 9: Dimensions of the bending test specimen 

ID a [mm] b [mm] 

1 18,6 18,6 

2 19,5 19 

 

3.2.8 MECHANICAL TESTS 

All the tensile testing was conducted in a MTS 810 with a 250  kN load cell at Scanias 

solid mechanics material lab, except for specimen’s 217E and 217F, which were outsourced 

to the external company Exova in Karlskoga, Sweden. During the mechanical tests the 

displacement rates were held low so that any viscoplastic effect is negligible. Strain was 

measured with an extensometer mounted at the specimen. The initial Lo was adapted to the 

different specimens. The displacement rates and extensometer length are listed in Table 10. 

Table 10: Displacement rates and extensometer length in the tensile tests 

Specimen v [mm/min] L0 [mm] 

221G 5 50 

221H 2 25 
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221I 2 25 

217D 5 80 

217E 2 80 

217F 2 80 

213A 2 80 

241E 2 50 

241F 2 50 

 

The high strain rate testing where conducted at LTU on an Instron VHS 160/100-20 High 

strain rate system with a 100  kN load cell. The specimens were tested with the strain rates 

1s
-1

, 10s
-1

 and 100s
-1

. At these high rates a regular extensometer is not possible to use. Instead 

the specimens were colour marked, so that an optic system could be used to track the strain 

during the test. To enable testing at high and constant speed the hydraulic system was first 

accelerated and when the desirable rate was obtained the jaws locked onto the specimen. This 

is done by using pretensioned jaws that will release at a predetermined rate and lock on to the 

long gripping area on the specimen, see Figure 13.  

The torsion tests were conducted at Scanias solid mechanics material lab. The specimens were 

tested at a rotation rate of 180° per min. The torsion machine measures the applied moment 

and the rotation of the moving part. The specimen is mounted in the test equipment with a 

series of sleeves. Due to the machine compliance and the stiffness of the equipment the 

integrated angle gauge cannot be used. Instead two displacement transducers are used, these 

are mounted on the specimen ends and during the test they are rolled up on the specimen 

surface and the distances are measured. This can be seen as a circle arc and through some 

geometric calculations the relative angle is given, see below.  

 

r

)ba( 
  (34) 

 

Where a and b are the measured distances, r is the radius of the specimen and   is the torsion 

angle. In Figure 15 a picture of the test setup can be seen. The test specimen is to the left in 

the picture and the displacement transducers are seen at the bottom.  
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Figure 15: Picture of the torsion test setup. 

 

3.3 FINITE ELEMENT MODELLING 

3.3.1 GENERAL 

It is important that the simulations correspond to the tests. Therefore the shape of the 

specimen, the extensometer position and the gripping areas are thoroughly modelled. In 

Figure 16 the flat specimen 217F is seen with the boundary conditions visualized, these are 

modelled so that they correspond to the mounting area in the mechanical tests. 

 

Figure 16: Specimen 217F where the boundary conditions are visualized. 

 

In the simulations of the tensile tests the displacement rate was 10 000 times higher than in 

the mechanical tests. The simulations would otherwise be too computational costly. The 

kinetic energy is in every simulation investigated so that the error associated with the artificial 

high rate is kept small. In LS-DYNA, if the time step is to large, LS-DYNA tries to solve this 

by adding mass to the critical element and by doing so raising the critical time step in the 

element, see equation 30 and 31. Therefore the time step is chosen so that mass scaling is 

prevented. All simulations are made using *MAT_224. The failure criterion is set to high 
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enough values so that no failure will occur in the simulations. The simulation results are 

compared to the stress strain results from the mechanical tests. The lode parameter  , 

triaxiality   and the effective plastic strain 
pf  are recorded in the element with the highest 

effective plastic strain at the state corresponding to failure in the mechanical tests.  

 

3.3.2 HARDENING CURVE  

The axisymmetrical specimen 221G was used to generate the hardening curve. From the 

mechanical test an average nominal stress-strain curve was plotted and converted to a true 

stress-strain curve according to the following equations: [4] 

 )ε1(σσ NT   (35) 

 

 )ε1ln(εT   (36) 

 

Where T , T  and 
N  are the true stress and strain and the nominal stress respectively. In the 

tests no necking occurred. Therefore element size dependence is assumed to be negligible. 

The elastic part from the stress strain curve was removed according to hooks law, see 

equation 19, so that the hardening curve only reflects the plastic behaviour. The implemented 

curve can be seen in Figure 17. 

 

Figure 17: The implemented hardening curve. 

 

3.3.3 ELEMENT TYPES 

In the Finite element method the mechanical structure is divided into a finite number of 

elements interconnected at points called nodes. [7] The elements can be defined in one 

dimension with physical properties such as axial, bending and torsional stiffness. This type of 

element is used to model e.g. cables, beams and frames. Straight one dimensional element 

usually has two nodes placed at each end while curved elements need at least three. Two 

 



 21  

dimensional elements are used for plates and shells and usually have nodes at each corner 

and, if needed for higher accuracy, along the edges and inside of the element. Three 

dimensional elements, solids, are used for components where the thickness is of higher 

importance. Nodes are placed at the vertices, edges and possibly inside the elements. It is 

possible to calculate the stress state at each node in the element but it is more common to 

compute the stress state at the gauss points in the element, where the computation could be 

shown to be most accurate.  

Which type of element that is used in the analysis can have a big influence on the simulation 

results. Therefore three different types of elements will be evaluated. The different types are 

listed below: [9] 

 Type -1: Fully integrated hexahedra element with eight gauss points. 

 Type 13: One gauss point first order tetrahedron. 

 Type 16: Four gauss point, teen-node second ordered tetrahedron. 

A hexahedral is a geometrical shape consisting of six faces having four edges each. A 

tetrahedron consists of four triangles where three sides meet at every corner, see Figure 18. 

[8] [9] 

 
a) 

 
b) 

 

Figure 18: A geometrical figure of a hexahedral and a tetrahedron can be seen in 

subfigure a and b, respectively.  

 

3.4 VALIDATIONS 

Too validate the result three validation tests were conducted, two bending tests, one with a 

machined surface and one with a cast surface. Also the cab component called base bracket are 

used as validation. The mechanical tests and validation simulations are described in the 

following sections. 

3.4.1 BENDING TEST 

The three point bending test was conducted in a combined tension compression testing 

machine with a 600  kN load cell at Scanias solid mechanics material lab. Both of the 

specimens were bent at a constant rate of 4 mm/min, while the force and the relative 

movement of the pressing piston were measured by the system. Due to that the machine 

compliance and the stiffness of the setup, are unknown the same method as in the torsion test 

were used. The transducer measuring the displacement is mounted below the specimen and 
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the wires are mounted on the middle pressing cylinder. A picture of the test setup is seen in 

Figure 19. 

 

Figure 19: Picture of the bending test setup. 

 

When simulating the bending test it is of importance to incorporate the entire system so that 

all components that can influence the stiffness are included in the system. The simulation 

model with its ingoing components can be seen in Figure 20. The bending specimen is 

modelled with hexahedron elements type -1. Remaining components are modelled as rigid. 

The middle cylinder is given a prescribed transverse displacement. In the same way as in the 

analysis of the tensile testing the velocity is scaled compared to the mechanical test, in this 

case 100 times. The supporting cylinders are placed in shell structures, where the shell 

structures are restrained in all degrees of freedom (DOF). This allows the support cylinders to 

rotate when the specimen is pressed down. The model with and without cast surface are 

modelled in similar ways were the only difference is the slightly bigger dimensions of the 

specimen with cast surface. 

 

Figure 20: The simulation model for the bending.  
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3.4.2 COMPONENT TEST 

The component mechanical test was performed at ÅF Test centre in Borlänge. The objective 

was to test the overload capacity of the so called base bracket. The base bracket was exposed 

to a controlled displacement until failure. The base bracket is a component of the cab 

suspension and is one of the contact points between the chassis and the cab. The performance 

of the base bracket is therefore of high interest in crashes. The load is measured by the piston 

and the displacement at two points using two pin extensometers. The test setup can be seen in 

Figure 21. The pin extensometers are in contact with the aluminium bracket, referred to as, 

the cab tower, which is attached to the base bracket.   

 

Figure 21: The test setup of the base bracket test performed at ÅF test centre in 

Borlänge.  

 

The base bracket after the mechanical test can be seen in Figure 22. The fracture occurred 

below the cab tower in the weakest cross section. In the figure the fracture is indicated by an 

ellipse. 

 

Figure 22: The base bracket after mechanical testing, the fracture is show with the 

ellipse. 
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Similar to the bending test it is of importance to incorporate the entire system so that all 

components that influence the stiffness are included. The simulation model for the component 

test can be seen in Figure 23 in two views where the base bracket are visualized in blue and 

the pin extensometers are represented by two spheres and identified by arrows. The spheres 

are modelled with shell elements which are pressed against the cab suspension with a spring 

element. This spring element have a spring force low enough so that not influence the 

simulation and high enough to keep the ball pressed against the cab suspension. The base 

bracket is modelled with tetrahedron elements of type 13 with a stable time step of 0,63 ms. 

The bolt connections are modelled according to Scanias best practice. The remaining parts of 

the contact were simplified by restraining all the DOF’s. Material definitions on the subparts 

are assigned values which correspond to the materials in the mechanical test based on 

information from ÅF. To further evaluate the different element types this model was 

simulated three additional times. In the area of the ecpected failure the mesh was refined to an 

characteristic element length of half of the one previously used. The element types described 

in chapter 3.3.3, type -1, 13 and 16 were applied for this case. The time step was chosen so 

that mass scaling was prevented.  

 

 
a) 

 
b) 

Figure 23: The simulation model for the component test. The base bracket is visualized 

in blue and the spring loaded shell elements are pointed out with arrows and called 

displacements gauges 1 and 2.  
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4 RESULTS 
 

In this chapter the results from the mechanical tests are presented and compared to the 

simulation results. The stress triaxiality and the lode parameter plotted against the effective 

plastic strain are also presented and the point of failure is marked with a square. Further are 

the failure points listed in a table and the final failure strain surface is presented. The results 

from the validation tests and the element influence study are also presented in this chapter.  

4.1 MECHANICAL TEST AND SIMULATION RESULTS 

4.1.1 AXISYMMETRIC SPECIMEN 

In Figure 24 and Figure 25 the axisymmetric results are plotted. The hardening curve 

implemented in the model is generated with the results from the 221G mechanical test and, as 

can be seen in Figure 24, this gives an exact match with the simulation. Also the other 

axisymmetric tests show good correlation, where only a slight overestimation of the stress is 

seen. 

 

Figure 24: Stress-strain curves for the axisymmetric specimen. 

 

All three axisymmetric specimens have values close to what is specific for uniaxial tension, 

i.e. 1ξ   and 33,0η   The different geometries only deviate slightly from this and also the 

plastic strains at failure are consistent since the three specimens give similar results.   
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a) 

 
b) 

Figure 25: In subfigure a) the stress triaxiality is plotted against the plastic strain and 

in figure b) the lode parameter for the three asymmetrical specimens. The failure is 

marked with a square.   

 

4.1.2 FLAT SPECIMEN 

The stress strain results from the flat specimen tests and simulations can be seen in Figure 26. 

Also in this case good correlation between the tests and the simulations is found.  

 

Figure 26: Stress-strain curves for the flat specimen. 

 

In Figure 27 the stress triaxiality and the lode parameter are plotted against the plastic strain 

and the results show that the stress state at failure are close to that of uniaxial tension in this 

case as well.  
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a) 

 
b) 

Figure 27: In subfigure a) the stress triaxiality are plotted against the plastic strain and 

in figure b) the lode parameter, for the element with the highest effective plastic strain 

at failure. The failure is marked with a square.   

 

4.1.3 FLAT-GROOVED SPECIMEN 

The stress strain results from the flat grooved tests and simulations can be seen in Figure 28 

and a good correlation is found between the results.  

 

Figure 28: Stress-strain curves for the flat grooved specimen 

 

In Figure 29 the stress triaxiality and the lode parameter from the flat grooved specimen can 

be seen and a clear deviation from the uniaxial tension stress state is obtained.  
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a) 

 
b) 

Figure 29: In subfigure a) the stress triaxiality is plotted against the plastic strain and 

in figure b) the lode parameter, for the element with the highest effective plastic strain 

at failure. The failure is marked with a square. 

 

4.1.4 TORQUE SPECIMEN 

The torque test result can be seen in Figure 30, where the applied moment is plotted against 

the relative angle between the two sides of the specimen. The mechanical test shows slightly 

higher stress result but a lower hardening and the simulation meet the failure point from the 

mechanical test. 

 

Figure 30: Results from the torque test and simulation, the moment is plotted against 

the displacement angle. 

 

In Figure 31 the stress triaxiality and the lode parameter are plotted against the plastic strain 

for the torque test. Figure 31 show that in the torque test, pure shear are obtained in the 

specimen through the entire test: This is because both ξ  and η  are zero throughout the test. 
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a) 

 
b) 

Figure 31: In subfigure a) the stress triaxiality is plotted against the plastic strain and 

in figure b) the lode parameter, for the element with the highest effective plastic strain 

at failure. The failure is marked with a square. 

 

4.1.5 HIGH STRAIN RATE SPECIMEN 

The results from the high strain rate tests performed at LTU can be seen in Figure 32 where 

the stress strain curves for the different rates, 1s
-1

, 10s
-1

and 100s
-1

, are plotted in the three first 

subfigures a), b) and c) respectively. In subfigure d) the average stress strain curves for the 

different rates are compared with a quasi-static test result. In Figure 32d) it can be seen that 

harder results can be expected with higher rates. But, with increasing rates the stress does not 

increase further. The strain varies between 5 and 14 % at the highest rate. Therefore it would 

be difficult to predict the failure displacement. At higher strain rates the curves oscillate. This 

is according to the technicians at LTU due to the energy release when the pretension jaws 

lock on to the specimen.  

Due to the uncertainty in the results the high strain rate results will not be implemented in the 

material model. 
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a) 

 

 
b) 

 
c) 

 
d) 

Figure 32: Test results from the high strain rate tests performed at LTU. In subfigure 

a), b) and c) the stress strain curves for the different rates 1s
-1

, 10s
-1

 and 100s
-1

 are 

plotted respectively. In subfigure d) the average stress strain results from the different 

rates are compared with the quasi static result.  

 

4.2 FAILURE STRAIN SURFACE 

The effective plastic strain, stress triaxiality and the lode parameter at failure were all 

recorded in the simulations, the values are listed in Table 11. In the computational program 

Matlab the points where plotted in a 3D chart and using a cubic interpolations method the 

failure strain surface was created. The surface consists of a grid with 100 points on each axis.  

Table 11: The implemented values of stress state at failure 

Specimen Effective Plastic 

Strain [%] 

Stress 

Triaxiality [-] 

Lode  

parameter [-] 

221G - 0,33 1 

221H - 0,38 1 

221I - 0,46 0,97 

    

217D - 0,39 0,99 

217E - 0,36 0,98 

217F - 0,37 0,99 
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213A - 0,35 0,99 

    

241E - 0.61 0,30 

241F - 0,68 0,51 

    

261A - -0,0057 0,0055 

 

The failure strain surface can be seen in Figure 33 and Figure 34 in two different views, 

where it can be seen that a stress state dependent failure model is necessary. The amount of 

plastic strain at failure differs between tension and compression. Some of the results from the 

mechanical tests are found to be very close to the same point. Therefore, the results from the 

flat specimen were combined to one point by an average estimation of the values. The 

axisymmetric and the flat specimens are seen along the edge where the lode parameter is 

equal to 1. The torsion specimen 261A is seen at the corner point (0, 0) at a higher failure 

strain value which gives the surface its height towards the compression side of the surface. 

The flat grooved specimen can be seen in green scattered around approximately a stress 

triaxiality values of 0,65 and a lode parameter of 0,4.  

 

Figure 33: The failure strain surface, the colour indicates the z-axis and the effective 

plastic strain. The points indicate the different specimens.  
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Figure 34: The failure strain surface in a second view, the colour indicates the z-axis 

and the effective plastic strain. The points indicate the different specimens.  

 

In *MAT_224 the stress triaxiality is defined as: 

 

vM

h
224_MAT*

σ

σ
ηη


  (37) 

 

This means that the stress triaxiality has to change sign before implemented in the material 

model. The surface was extended in order to cover as large lode parameter and stress 

triaxiality range as can be expected in simulations. The extension is applied by defining four 

corner values. In Scania crash simulations it is assumed that fracture due to compression do 

not occur. Therefore, a high failure strain value is used in these areas, in this case 0,7. The 

material standard state that the minimum strain value is 0,07. The fourth corner is therefore 

defined as 0,07. Implementing the surface in LS-DYNA is done in the form of 100 curves, 

defined as the effective plastic failure strain as a function of the stress triaxiality   epf
, for 

100 different values of the lode parameter in the interval [-1, 1]. The implemented failure 

strain surface can be seen in Figure 35. 
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Figure 35: The implemented failure strain surface.  

 

4.3 INFLUENCE OF ELEMENT TYPE   

The hardening curve and the failure strain surface have been calibrated using hexahedron 

element of type -1, see chapter 3.3.3. In FEM analysis the element type for one given element 

size can have an influence on the results. Therefore the parameterized material model has 

been evaluated for the additional tetrahedral element types 13 and 16. The element type study 

has been done for one specimen in each category. The evaluated specimens are 221G, 217D, 

213A, 241E and 261A. Two of these results are presented below.  

The results from the study of the asymmetrical specimen 221G can be seen in Figure 36. The 

specimen 221G was used to create the hardening curve and the results show that the stress 

strain curve obtained from the mechanical test gives exactly the same results as the 

simulations using all the three element types.  

 

Figure 36: Element type study of the asymmetrical specimen 221G. 
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The results from the study of the torque specimen can be seen in Figure 37. In the figure the 

results from the mechanical test can be seen in black where the end point indicates the failure. 

The tetrahedral element type 16 and the hexahedral element type -1 give an exact match and 

predict the failure point. The element type 13 follows the hardening better but do not manage 

to predict the failure point as accurate as the other element types.  

 

Figure 37: Element type study of the torque specimen 261A. 

 

The element type study gives satisfactory results where only small differences between the 

element types can be seen.  

4.4  VALIDATION  

4.4.1 BENDING TEST WITH MACHINED SURFACE 

The results from the bending test can be seen in Figure 38, where the force is plotted against 

the displacement. The displacement is measured at the pressing cylinder. A good agreement 

in stiffness and hardening was found but the model does not manage to capture the failure 

displacement. Failure occurred earlier in the simulations than in the mechanical tests. A 

relatively good agreement between the mechanical test and simulation regarding the fracture 

force can be seen.  
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Figure 38: Force displacement curve from the bending test and simulation.  

 

4.4.2 BENDING TEST WITH CAST SURFACE 

The results from the bending test with cast surface can be seen in Figure 39, where the force 

is plotted against the displacement. The displacement is defined in the same way as in the 

previous test. The results show a good agreement between the simulation and the mechanical 

test in stiffness and hardening, but also in this case the bending test simulation does not 

manage to capture the failure strain. A relatively good agreement between the mechanical test 

and simulation regarding the fracture force can be seen. 

 

Figure 39: Force displacement curve from the bending test with cast surface and 

simulation. 

 

Comparing the two bending tests is difficult due to the different dimensions between the 

specimens. However, the difference between the displacement in the simulation and in the 

mechanical test for the specimen with cast surface is smaller compared to the difference in 

displacement between test and simulation for bending without cast surface. Comparing only 

the simulations shows that the different dimensions gives a difference in force as is expected 

and only small deviations in displacement. Comparing the mechanical tests with each other 
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gives similar difference in force and a noteworthy difference in displacement. This gives an 

indication that the cast surface has an influence on the failure.  

4.4.3 COMPONENT TEST 

The results from the component test can be seen in Figure 40, where the results from the three 

different element types and the courser mesh with element type 13 are compared to the result 

from the mechanical test. In all simulations the stiffness of the system and also the hardening, 

are captured rather well, only the coarser mesh stands out and gives a somewhat harder 

response. Contrary to the bending test these simulations overestimate the force and 

displacement. In the simulations with the finer mesh failure occurs, but at a larger 

displacement compared to the mechanical test. Using the courser mesh no failure occurred 

within the simulation time. DCI is despite its name a brittle material and the test failures have 

been of brittle nature. The model does not manage to predict this behavior. The squares in the 

figure indicate where the first element erodes and where the fracture would have occurred if 

the model had managed to simulate the brittle fracture. The base bracket is produced by 

casting which gives it a rough cast surface. This can be one of the reasons for the early failure 

in the mechanical test. 

 

Figure 40: Force displacement curve from the component test simulations with the three 

different element types, see 3.3.3, and the two different element sizes, compared with 

the results from the mechanical test performed at ÅF test centre in Borlänge. The 

squares marks when the first elements erode in the simulations and the colour marks 

which failure corresponds to which simulation.  

 

4.5 THE FRACTURE POINTS 

The failure strain surface can be seen in Figure 41 and Figure 42 where the two validation 

results are included. The bending test can be seen close to the asymmetrical specimens and 

the component test close to one of the flat grooved specimens. The closer a failure point is to 

one of the failure point used to generate the failure strain surface, the more reliable the 

parameterized material model should be. 
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Figure 41: The failure strain surface with the validation results.  

 

 

Figure 42: The failure strain surface with the validation results. 
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5 DISCUSSION AND CONCLUSION  
 

The material model *MAT_224 have been parameterized for one class of DCI. The results 

show that the parameterized material model describes the stiffness and hardening of DCI in 

several different types of stress states rather well. The parameterized material model also 

manages to predict the force at failure in a satisfying way.  

In this thesis, thirteen different types of specimens have been designed and tested. The goal 

when designing the test specimens was to have a large variety of stress states at failure to 

cover a large part of the failure strain surface. The three flat specimens coincided, hence these 

points where combined into one when generating the surface. The axisymmetric and the flat 

specimens generated failure points close to the results of the uniaxial tension stress state. In 

future material parameterizations of this type of material, the number of specimens in these 

categories could be reduced. The flat grooved specimens gave two points at the surface and 

defined the shape in that area, this category could therefore be expanded. When the specimens 

were designed large necking was assumed and the specimen dimensions where chosen with 

that assumption in mind, with the result presented the choosing of the test specimen 

dimensions would be different. 

The high strain rate test performed at LTU where not included in the parameterization of the 

material model due to the scatter in strain and the large oscillations in the results. The 

oscillations probably occur due to of the energy release when the pretension jaws lock on to 

the specimen. The scatter in strain has not been seen in any other tests and also the technicians 

at LTU with their experience in high strain rate testing commented that the scattering was 

large. One reason for this could be that the small dimensions, compared to other specimens, 

make the specimen sensitive against imperfections in the material. The same specimen was 

tested in a quasi-static test. Comparing the results from the quasi static test and the high strain 

rate test gives an indications that some strain rate dependence are present, see Figure 32. 

However, more mechanical testing is necessary to be able to give the complete influence of 

the strain rate dependence.  

The influence of the cast surface was evaluated in the bending test. Comparing the two 

bending specimens is difficult due to the different dimensions between the specimens. 

However, by comparing the two simulations, a difference in force and a small difference in 

displacement can be seen. On the other hand, comparing the two mechanical test results gives 

similar difference in force but a noteworthy difference in displacement. This indicates that the 

cast surface has a big influence on the failure. 

The displacement at failure was predicted with less accuracy in both the bending and the 

component test. In the bending simulation the failure displacement was predicted at an earlier 

state than in the mechanical test. The reason for this has not been fully concluded. However, 

the stress state at the failed elements is the same as in uniaxial tension with strain levels 

corresponding to the result from the asymmetrical tests. This implies that the model do not 
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manage to describe the bending stress state. Reasons for this can probably be due to the level 

of discretization. The parameterized material model is not able to capture the crack 

propagation at failure. A possible solution could be to use a damage model, where the 

stiffness is a function of the damage parameter. One other possibility maybe to significantly 

decreasing the element size. However, in the application the parametrised material model is 

used this is an acceptable result. The error in displacement is negligible in the context of crash 

simulations with this type of components.  

In the component test, contrary to the bending, failure displacement was predicted at a later 

state. This may be due to the following reasons: 

 The base bracket has a cast surface and as earlier discussed the cast surface can have a 

big influence on the result. 

 The test specimens used to create the failure strain surface are designed in such way 

that any casting defect is avoided, which the base bracket is not. 

 The geometric tolerances on the base bracket are rough and the tested component was 

a prototype component. Unfortunately the dimensions of the tested base bracket have 

not been possible to verify. 

 The sheer complexity in the system implies significant difficulties to obtain a 

correlation between simulation and mechanical test. 

 In the mechanical tests performed by ÅF test centre several different tests where done, 

with failure in different areas of the component. One of those cases was chosen and 

modelled. This implies that the material and the component are sensitive for 

irregularities and imperfections.  

The material model does not manage to predict the brittle fracture associated to the failure in 

the mechanical test. This is particularly seen in the component test where there is a 

noteworthy difference in displacement from when the first elements erode and the final 

failure. However, in Scanias crash simulations the force at failure is a more important 

variable. This is due to that most of the certification tests are force controlled, in this respect 

the results could be regarded as satisfying. 

The type of elements used in the simulations can have an influence on the simulation results. 

Three different types of elements have therefore been evaluated and compared. The 

evaluation and comparison gives an indication that the parameterized model is not particularly 

sensitive to the element type. However, if the stress have big deviations near the surface and 

tetrahedron elements are used the recommendation is to use parabolic elements, in order to 

better resolve the stress at the surface 

The failure points from the validations test can be seen in Figure 41 and Figure 42, where the 

bending test coincide with the axisymmetric specimens and the flat specimens. The 

component test is localized near the flat grooved specimens. Both of the validations tests are 

thus localized in well-defined areas and the results can therefore be assumed to be credible. 

The closer a failure point is to one of the failure point used to generate the failure strain 

surface, the more reliable the parameterized material model should be. 
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The main conclusion made from this thesis is: 

 The parameterized material model has been improved and is able to, in a satisfying 

way, model the force at failure for different type of stress states. 

Future work: 

 In the high strain rate results some strain rate dependent was observed. Due to the 

variations in the results this was not used in the current material parameterization. This 

is an interesting topic in crash simulations and the model would benefit from some 

more conclusive results.   

 To better predict the failure strain, a damage model could be evaluated.  

 To better describe the failure strain surface the number of specimens could be 

expanded to also describe negative triaxiality values. Fracture points in that region can 

according Basaran [4], probably be obtained by compression tests of cylindrical 

specimens. However, load case and geometry of these specimens should be carefully 

evaluated before attempting to perform these tests. 
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