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size. Using a larger element size deteriorates the quality of
the mesh and leads to inaccurate results [9]. Shell meshing
is the natural choice for sheet metal and thin parts. Surface
models can only be meshed with shell elements (triangular
elements). For a shell study, it is possible to select one of
two options:

- draft quality mesh: the automatic mesher generates
linear triangular shell elements, defined by 3 corner nodes
connected by 3 straight edges;

- high quality mesh: the automatic mesher generates
parabolic triangular shell elements, defined by 3 corner

Table  2
NUMERICAL RESULTS FOR PARAMETER h=20 mm

nodes, 3 mid-side nodes, and 3 parabolic edges; this mesh
was used in the present study, figure 3.

Every shell node has 6 degrees of freedom, which are
the translations and rotations for the three orthogonal axes.
Every shell has one top face and one bottom face, which
must be aligned, because the results are in general not
identically on the two faces.

Figure 3 presents the restraints and load scheme. The
left and right walls are fixed at the bottom edge. For shell
meshes, fixed restraints set the translational and the
rotational degrees of freedom to zero. The external forces
are applied to the left and right wall upper edge.

Table  3
NUMERICAL RESULTS FOR PARAMETER h=26 mm
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contnuare

Table  4
NUMERICAL RESULTS FOR PARAMETER h=30 mm

Results and discussions
For the guardrail’s polymeric protection element were

imposed three thickness values: 4, 5,  6 mm and width
spire h=20, 26, 30 mm, for a domain loading values

between 2000 and 14500 N. The maximal value
corresponds to a standard car moving with low speed. The
results are presented in table 2, 3 and 4.

In table 2-4 the displacement represents the resultant
displacement between the X, Y and Z components of the
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displacement direction, and von Mises stress is a scalar
quantity calculated from stress components, with no
direction and fully defined by magnitude with stress units.
The von Mises stress is used by failure criteria and is
computed from the following six components:

                                                                                              (1)
where: σX, σY,  σZ are normal stresses in X, Y, Z direction
and τXY, τXZ,  τYZ  are shears in Y direction on YZ plane, Z
direction on YZ plane and Z direction on XZ plane
respectively.

The main purpose of the study was to obtain maximal
displacements of the adaptive guardrail, by maintaining
the stress under 20 MPa, value which corresponds to tensile
stress at yield for Salflex polymers. Because numerical
simulation was made for elastic domain, with respect of
the Hook law, the values resulted form simulation over 20
MPa will not be considered, being marked with gray color
in the tables 2, 3 and 4.

The regions with highest level of von Mises stress, with
values presented in table 2 - 4 are situated at the extremities
of the triangles (fig. 4). The maximal values of displacement
are localized at the upper wall, decreasing until zero to
the edge where fixed restraints were applied.

Fig. 4 Regions with highest level of von Mises stress

The figures 5, 6, and 7 present the variations of the Force
– Material/Thickness – Stress von Mises for values 20, 26,
30 of the “h” parameter.

The figures 8, 9, and 10 present the variations of the Force
– Material/Thickness – Displacement for values 20, 26, 30
of the “h” parameter.

From the tables 2,-4 and figures 5-10, the following
conclusions results:

Fig. 7 The variations of the Force – Material/Thickness – Stress
von Mises for values h=30 mm

Fig. 5 The variations of the Force – Material/Thickness – Stress
von Mises for values h=20 mm

Fig. 6 The variations of the Force – Material/Thickness – Stress
von Mises for values h=26 mm

- for the same value of width spire “h” and thickness
“g”, the influence of the  material properties over the stress
von Mises is more reduced comparative with the
deformation influence, and the Elastic Modulus has a
significance influence than Poisson’s ratio; the
deformations rise when Elastic Modulus decrease; so, for
Alloy Steel, with the highest value of  Elastic Modulus,  the
deformations are the smallest, in the domain 0.01…0.21;
the highest deformation values are obtained in the domain
2.27...44.76 for PP Copolymer material, with the lowest

Fig. 8 The variations of the Force – Material/Thickness –
Displacement for values h=20 mm
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Fig. 10 The variations of the Force – Material/Thickness –
Displacement for values h=30 mm

value for Elastic Modulus; for Salflex materials, with
intermediate values, but quite close, are obtained
deformation values in domain 0.85…23.7 mm;

- for the same value of the width spire “h”, the
deformation and stress von Mises rise with thickness “g”
decrease;

- for the same value of the thickness “g” the deformation
and stress von Mises rise with width spire “h” increase.

Conclusions
The calculated variations permit to select the optimal

values parameters (thickness “g” and width spire “h”) of
the polymeric protection element for possible loads and
materials. So, for the admitted stress values, it is possible
to select the proper dimensions, to obtain the contact
between the upper wall and the metallic band, which will
support further the loads. To obtain the main function of
the adaptive guardrail (maximal deformation) must be
selected a polymeric material with a reduced value for
Elastic Modulus.

A simple shape of the polymeric protection element
assures a supplementary protection for vehicles and
people, avoiding injury and damages, because of the
deformation and energy absorbing processes generated.

The following researches will be focus on shapes with
variable thickness, with higher values for the most stressed
regions.

References
1. McDEVITT. C., Basics of Concrete Barriers, Public Roads, 63, nr. 5,
2000 p. 217

Fig. 9 The variations of the Force – Material/Thickness –
Displacement for values h=26 mm

2. SZE, N.N., WONG, S.C., Diagnostic analysis of the logistic model for
pedestrian injury severity in traffic crashes, Accident Analysis and
Prevention, 39, 2007, p. 1267
3. GILLICH, G.R., SAMOILESCU, G., BERINDE, F.C., CHIONCEL, C.P.,
Determinarea experimentalã a caracteristicii de rigiditate ºi a modulului
de elasticitate a cauciucului utilizând reprezentarea timp-frecvenþã,
Mat. Plast., 44, nr. 1, 2007, p. 18
4. VODÃ, M., BORDEAªU, I., MESMACQUE, G., CHIÞAC, V., TABÃRA, I.,
Aspecte ale comportamentului asamblãrilor din polimeri la solicitãri
mecanice, Mat. Plast., 44, nr. 3, 2007, p. 254
5. GHITA, E., GILLICH, G.R., BORDEAªU, I., VODÃ, M., TROI, C., Aspecte
ale comportãrii polimerilor la solicitãri de tracþiune, Mat. Plast., 44, nr.
2, 2007, p. 158
6. MÃNESCU, T., NEDELCU, D., Analizã structuralã prin metoda
elementului finit, Editura “Orizonturi Universitare”, ISBN 973-638-217-
6, Timiºoara 2005, p. 11
7. GHIOCA, P., BUZDUGAN, E., CINCU, C., IANCU LORENA., ZAHARIA,
C., ZECHERU, TEODORA.,Compozite politeilenice antisoc, Mat.Plast.,
44, nr.3, 2007, p.175
8. PAUN V., P., An Estimation, of the Polymer Translocation Time through
membrane, Mat.Plast, 43, 1, 2006, p.51
9. HADAR, A., BORDEASU I., MITELEA I.. VLASCEANU D., Validarea
experimentala a unui model teoretic folosit in calculul de rezistenta al
structurilor realizate din materiale compozite, Mat. Plast, 43, 1, 2006,
p.70
10. PAPANICOLAU, G., JIGA, G., GIANNIS S.P., Residual Tensile Strength
after Impact of Woven Glass/Polyester reinforced Composites,
Mat.Plast. 44, 3, 2007, p.250

Manuscript received: 14.11.2007




