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ABSTRACT: The implementation of rigid and lightweight structures that perform support
functions has their main field of application in the industrial sector. These structures must
satisfy all requirements of security and comfort, besides being profitable for the company
using them, at the time of procurement and maintenance. This paper aims at studying
the behavior of expanded metal meshes subject to transverse loading, determining the
deflections produced by this type of loading. In this study, design recommendations for
the use and installation of expanded metal meshes provided by Standard EMMA 557-15 are
considered. Therefore, a finite element model is developed considering linear behavior
of material and geometry, employing the commercial software ANSYS. Solid elements
are used in the generation of the computational model where metal sheets are subject
to transverse loads to determine the deflections in the mesh. Next, the influence of the
following parameters is evaluated: material properties, span between structural supports,
magnitude and type of the transverse load (concentrated or uniform), size of pattern, and
orientation of the mesh. Finally, numerical results show that deflections found in expanded
metal meshes are clearly affected by the aforementioned parameters.

RESUMEN: La implementacion de estructuras rigidas y livianas que cumplan funciones de
soporte, tienen su principal campo de aplicacidn en el sector industrial. Estas estructuras
deben cumplir con todos los requerimientos de seguridad y confort, igualmente, se necesita
que resulten rentables para la empresa que las utilice al momento de su adquisicidn
y mantenimiento. El propdsito fundamental de este trabajo consiste en el estudio
del comportamiento de mallas de metal expandido sometidas a cargas transversales,
determinando las deflexiones generadas debido a dichas fuerzas. Para el desarrollo del
presente estudio se tomaron en cuenta las consideraciones propuestas en el estandar para
metal expandido EMMA 557-15, en el cual se hacen importantes recomendaciones para
su correcto uso e instalacion. Un modelo en elementos finitos es elaborado tomando en
cuenta el comportamiento lineal del materialy la geometria empleando para ello el software
comercial ANSYS. En la generacion del modelo computacional se utilizaron elementos tipo
solido. Las ldminas de metal son sometidas a cargas transversales para determinar la
deflexion generada. EL andlisis toma en cuenta los siguientes parametros: propiedades
mecanicas del material, distancia entre soportes estructurales, magnitud, tipo de cargas
transversales (concentradas o uniformes), tamano del patrén y orientacién de la malla. Los
resultados numéricos muestran que las deflexiones se ven afectadas por los parametros
mencionados anteriormente.

1. Infroduction

* Corresponding author: Nelson Adolfo Loaiza Ramones

E-mail: naloaizar@unal.edu.co
ISSN 0120-6230
e-ISSN 2422-2844

Expanded metal is a material that results from a slit
and stretch process, in which a mesh is obtained in
one piece without seams or welds deploying the form
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of diamond-shaped patterns, see Figure 1. During the
slitting and stretching process, the material increases its
mechanical properties as a result of plastic deformation,
extending up to 10 times its original length and decreasing
up to 80% (per unit area) its weight respect to its
original values [1]. Besides, due to its step geometry, it
provides anti-slip properties, minimizes dirt and reduces
maintenance costs.

The implementation of rigid and light structures capable
of supporting transverse loads has been observed in the
industrial sector, usually in high locations. Such structures
must have a platform configuration capable of housing and
protecting equipment or people, facilitating in a safe way
tasks that need to be performed on them. Although in the
support area, expanded metal meshes are typically used
for pedestrian traffic, these meshes can withstand heavier
loads as long as they are properly safeguarded. Typical
uses include platforms for machinery, floors for tanks
and cargo trucks, maintenance platforms for refineries,
stairs floors, and towers. Figure 2 shows some examples
of expanded metal applications.

Several investigations have been devoted to study the
properties and feasible applications of expanded metal
meshes.  Experimental and numerical studies were
conducted to study the tensile behavior of expanded metal
meshes [2, 3. The collapse form of expanded metal
subjected to compressive loads was evaluated for specific
arrangements [4]. Additionally, an empirical method was
developed to estimate yield strength of bonds and strands
of expanded metal meshes [5].

Recently, a series of experiments have been performed to
study the collapse mechanism of multilayered expanded
metal tubes subjected to axial impact [6]. Their tests
showed that the mechanical behavior of expanded metal
tubes depends on the size and direction of the cells.
A numerical investigation was conducted on the axial
crushing of concentric expanded metal tubes subjected to
impact loading [7], the effect of mesh size and the impact
speed on the crushing response was also analyzed.

However, there is little information regarding the behavior
of expanded metal meshes subject to transverse loading.
To obtain deflections in expanded metal meshes, it was
necessary to create a computational parametric model in
order to modify the geometry of pattern, adapting them
to different models described in EMMA 557-15 Standard
[8], in which various configurations are recommended
when meshes are subject to transverse loading of uniform
or concentrated type. These parametric models were
simulated numerically using ANSYS 16 [9], a numerical
software that analyzes physical phenomena by means of
the Finite Element Method (FEM). Solid-type elements

were used for strands and bonds in expanded metal
meshes.

Next, a methodology is presented to calculate maximum
load capacity that any type of expanded metal mesh can
support, maintaining its structural behavior within the
elastic range of the material without becoming plastically
deformed, since this situation represents a failure in
the structure regardless of whether it will ever fracture.
Geometry, magnitude and type of loading on the meshes,
and span between supports are extremely important
parameters for this study. These are conditioned to the
restrictions imposed by the standard for expanded metal
mesh. Finally, conditions of expanded metal meshes are
evaluated following the recommendations established in
EMMA 557-15 Standard [8].

2. Methodology

To obtain maximum deflection in expanded metal meshes
subjected to transverse loads, a parameterized model with
material properties was generated. Applied loads and
edge conditions were also defined. These activities are
described in the following section.

2.1 Geometry of the expanded metal mesh
pattern

In order to investigate the influence of maximum deflection
in expanded metal meshes various geometric parameters
were considered:

a) Vertical distance measured in the pattern inner side
(short distance).

b) Horizontal distance measured in the pattern inner side
(long distance).

c] Length of intersection between the joints of two strands.

d) Strand width; represents the amount of material
between openings. It is also called advance

e) Strand thickness; represents the thickness of the base
material used to expand.

f) Horizontal distance measured in the pattern outer side
(long side of the pattern).

Figure 3 the aforementioned

parameters.

depicts geometric

A numerical model was elaborated using ANSYS 16
[9], a computational software that analyzes physical
phenomena by means of the finite element method. In the
parameterized model, coordinate key points were placed
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Figure 2 Applications of expanded metal meshes in support structures
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Figure 3 Notation of geometric parameters

as patterns with the aim of joining them through lines.
Next, the lines form rectangles whose perimeters enclose
areas. Finally, these areas are extruded to construct
volumes that will form the bonds and strands of the mesh.

2.2 Materials and properties

Among a wide variety of materials used in the manufacture
of expanded metal meshes, ASTM A-569 low carbon
steel (with a maximum value of 0.15%) and hot rolled
steel is the material used for applications when a load
support condition is required [8]. Values of deflections for
concentrated or uniform loads were found in the EMMA

Table 1 Mechanical Properties of ASTM A-569 Steel

Properties Stress (MPa)
S, 45216
Su 466.05
E 207000.00

557-15 Standard [8]. Table 1 presents the mechanical
properties of steel ASTM A-569, these were obtained
experimentally [1]. In this investigation, tensile tests were
performed for different orientations of the base metal to
verify anisotropy of the material and obtain its mechanical
properties, studying its influence on the model. The
properties of the material used in this study are those
required to simulate a linear isotropic elastic model.

In the numerical analyses, three-dimensional hexahedral
solid elements were employed. These elements are
generally used to mesh continuous domains and to predict
accurately the actual behavior of the model. In this
investigation, it should be noted that only the response of a
mesh subjected to transverse loads in the elastic range of
the material is studied. The solid type element selected
from the program library for finite element calculation
was Solid45 [9], which allows solid structure modeling.
This element is defined by eight nodes, each one of them
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has three degrees of freedom and translations in nodal
directions X, Y and Z.

2.3 Load and boundaries conditions

Boundary conditions suggested by EMMA 557-15 Standard
[8] were applied. This standard specifies that meshes
must be welded or fastened every 150 (mm), or every four
patterns to a structural support as shown in Figure 4. It is
always necessary to install the mesh with an orientation
parallel to the distance between supports.

Space between supports

1 Bolt and washer
fastening

Fastening with
two bolts

Welding every four diamonds
150 {mm) of separation

Structural supports

Figure 4 Types of fixing of the mesh to the structural support

In the numerical model, the mesh was restricted every
four patterns in its external bonds, as seen in Figure 5,
these bonds are in surfaces located at the mesh ends.
Restrictions with three degrees of freedom allowed by the
element (translations in x, y, and z) are used, simulating a
situation of clamped by welding. Anchors are discarded by
fastening devices such as bolts and washers.

Space between supports
Direction of long side of diamond

Flxaning

Face |ocated i the

fixed plane where

the bonds are to be
restricted

Perpendicular plane to the direetion
of the lomg side of the diamond

Figure 5 Visualization of the clamped boundary condition in the
numerical model

Two loading types were applied transversely to the
expanded metal:  uniformly distributed loads and
concentrated loads. These values were obtained from the
EMMA 557-15 [8]. Uniform load is the most unfavorable
condition of the load, while concentrated load represents
a pedestrians walking on the mesh.

Uniform loads

These are loads distributed over an entire gap between
edges. Distributed loads were placed in bonds located at
the top of the mesh. These bonds are the ones that receive
the load in a real situation, representing the first contact
points of weights placed in the sheets. Figure 6 illustrates
the bonds location and the force application.

W
i!.r"ﬁx &ﬁ? ’vl i Location of upper bonds
ol T ]
! e
(a) C]

Figure 6 Uniform load applied on the mesh: (a) isometric view,
(b) location of forces, (c) front view and side view

Concentrated loads

These are loads distributed over a relatively small area
such as a pedestrian load or the load of portable
equipment. A similar procedure to the one elaborated
for uniform loads was followed, except that loads are
distributed in a strip covering a central column of patterns,
as indicated in Figure [7]. This is a thin area with
a suitable width for simulation of occasional, frequent,
constant pedestrian traffic, or pedestrian traffic with light
equipment.

Application zone of concentrated load

%% 4%% on the expanded metal mesh
% 3
- N ﬁﬁ? .
oy S
. 5 't’%‘%:?rr Y II %{:5 _
fuy;._k'@.,k '%i‘% =<
b "F@,{’ 3 2
(a) (]

Figure 7 Concentrated load applied on the mesh: (a) isometric
view, (b) and top view

3. Results

3.1 Nominal dimensions of the studied

models

Table 2 shows the nominal dimensions for expanded
metal meshes analyzed herein. These dimensions (whose
variables are defined in Figure 3 are taken from EMMA
557-15 [8], which allows a variation of 5% of the measured
values.
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Table 2 Nominal dimensions of the expanded metal patterns

Mesh Design size Strand size Overall thickness Opening percentage
almm) b(mm) d(mm) e(mm) ¢ (mm) (%)

3.00lb  33.78 135.38 4.65 6.71 13.72 60

3.14lb  50.80 152.40 6.35 7.92 16.66 69

4.00lb  33.78 135.38 5.46 7.62 15.70 55

4.27lb  35.81 101.60 6.35 7.62 15.88 58

5.00lb  33.78 135.38 6.35 8.41 16.64 50

6.25lb  35.81 135.38 7.92 8.89 18.16 50

7.00lb  35.81 135.38 8.08 9.93 18.80 45

3.2 Distribution of forces and displacements Higher Higher

A similar pattern of stress distribution can be observed
between uniform (Figure 8a) and concentrated loads
(Figure 8b). High stress concentrations are found in an
area close to the fixing zone of the structure, specifically
near the edge in which clamped bonds ends, and where
strands adjacent to the fixed bonds begin. In the central
zone of the mesh, a medium stress distribution is
observed; the magnitude of this stress varies depending
on the load type, whether is uniform or concentrated. The
resulting stresses between central and clamped areas are
almost negligible.

Medium
Stresses

Higher
Stresses

Higher

Medium Higher Higher
i 5t tr Stresses

Stresses

99.6 149.8 10
7134

85
1740 2226
(a)

Figure 8 Stresses distribution in meshes: (a) uniform load, (b)
concentrated load.

Regarding deflection due to transverse loading, it
increases in magnitude from zero at the ends, to a
maximum deflection located at the center. This occurs
similarly for uniform and concentrated loads (Figure
9). Magnitudes of both (stress and deflections] are not
comparable because the force applied in magnitude on
the mesh is quite different.

3.3 Evaluation of the mesh according to
dimension
Various types of distances between supports for

different denominations of expanded metal meshes
were considered. Table 3 presents the results obtained in

Area of Displacement

Areaof Displscement

Ly

2 072

35 Moo

15 [VE¥] 0.4z
==z “54: .56

Figure 9 Typical distribution of displacements in meshes: (a)
uniform load, (b) concentrated load

terms of stresses and deflections.

To describe the analysis and comprehension of the results
obtained for different models of expanded metal meshes, a
comparison of results of stresses and deflections obtained
numerically with the maximum values established by
EMMA 577-15 Standard [8] is performed. Figures 10 and
11 show deflections and stresses of the studied meshes.
In addition, it is possible to easily observe that results
obtained numerically satisfy the requirements of both
maximum deflection of expanded metal meshes 6.35 (mm)
and the material elastic limit used in the model 452.16
(MPa). Both boundaries are marked with dashed lines and
red arrows outlined in the plots mentioned above.

452.16 [MPa)

Stress(MPa)

U096

CH00E Carda caziag u-staa w4219 3

Type of Load- Separaticn between supgorts [mm)

Figure 10 Maximum stress for the expanded metal meshes
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Table 3 Numerical results for various meshes subjected to uniform (U) and concentrated loads (C)

Mesh Loading Type Distancelmm) Loadlkg/m?) &(mm) Maximum Stress (MPa)
u 609.60 1346.03 1.09 181.07
U 914.40 489.46 2.06 147.02
3.00 b C 609.60 1343.22 0.57 67.40
C 914.40 805.93 1.15 63.29
C 1219.20 366.33 1.72 48.17
U 609.60 1835.49 1.39 223.61
U 914.40 734.19 2.85 195.27
3.14 b u 1219.20 244.73 2.96 117.09
C 609.60 1831.67 0.72 81.29
C 914.40 757.09 0.99 50.56
C 1219.20 366.33 1.1 34.04
U 609.60 1713.12 0.96 185.65
u 914.40 734.19 214 178.98
4.00 b U 1219.20 244.73 3.57 139.57
C 609.60 2149.15 0.63 87.33
C 914.40 1074.58 1.05 68.55
C 1219.20 488.44 1.58 53.53
U 609.60 2437.12 2.03 335.67
U 914.40 805.58 3.36 259.66
4.27 b U 1219.20 295.72 3.74 183.66
C 609.60 1953.78 0.55 69.06
C 914.40 1098.99 1.02 66.66
C 1219.20 488.44 1.02 43.56
u 609.60 2926.59 1.12 241.52
U 914.40 856.56 1.70 161.16
5.00 lb U 1219.20 489.46 4.86 219.42
C 609.60 2637.59 0.53 82.69
C 914.40 1514.18 1.01 75.74
C 1219.20 683.82 1.50 60.30
u 609.60 3905.51 1.01 247.70
U 914.40 1468.39 1.97 213.56
6.251b U 1219.20 560.84 3.76 190.91
C 609.60 3907.55 0.53 94.59
C 914.40 1465.33 0.67 55.82
C 1219.20 732.67 1.09 49.16
U 609.60 3905.51 0.85 229.05
u 914.40 1957.86 2.23 264.89
7.00 lb u 1219.20 805.58 4.58 258.00
C 609.60 3907.55 0.45 87.77
C 914.40 1709.55 0.66 61.39
C 1219.20 854.78 1.08 55.62

3.4 Influence of the orientation of the patiern

During the installation, the orientation of patterns
of expanded metal meshes on structural supports is
important, in order to provide the best safety condition.
Figure 12 shows the stress distribution and deflections
for 3.14lb expanded metal mesh, which is clamped in
orientation | (parallel to the long side of the pattern). It
is seen, that maximum deflection occurs in the middle
distance between supports, with a value of 0.26 (mm).

It should be considered, that distribution of deflections
occurs progressively from the clamped place to the middle
of the mesh. At the same time, the maximum load is close
to the clamped area with a value of 22.03 (MPa), and stress
distribution has symmetry respect to a middle plane,
neglecting them approximately in 0.21 of the spacing
between supports.

Figure 13 shows distribution of stresses and deflections
of the expanded metal, corresponding to a 3.14lb mesh,
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Figure 11 Deflections for the expanded metal meshes
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Figure 12 Numerical results for Mesh 3.74lb - Clamped
Orientation I: (a) stress distribution: top and front view, (b)
displacement distribution: top and front view

the mesh is clamped in orientation Il (in perpendicular
direction to the long side of the pattern). Similar to the
previous case, maximum deflection occurs in the middle
of the structure; however, this value rises to 19.38 (mm)
and the deflection magnitude increases by 74 times its
value under the same conditions of load and distance
between supports. Regarding stresses, its maximum
value is located at half distance between supports and
its value reaches 159.99 (MPa) and it is 7 times the
value found in the previous configuration. It is evident
that deflections and stresses generated in the structure
increase disproportionately, considering that clamped
orientation is not the most adequate for a mesh subjected
to cross loads.

Figure 14 shows distribution of stresses and deflections
in a 3.14lb expanded metal mesh fully clamped. It can be
appreciated that maximum deflection occurs at the center
of the structure with a maximum value of 0.21 (mm)]. In
terms of stresses, the maximum value is 16.692 (MPa).
As expected, the deflection and the stresses obtained
are lower; however, both values are very close to the
orientation |. This indicates that the best condition to fix
the mesh (clamped) is the orientation | because it will
significantly increase structural rigidity than orientation II.
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Figure 13 Numerical results for Mesh 3.74lb - Clamped
Orientation II: (a) stress distribution: top and lateral view, (b)
displacement distribution: top and lateral view
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Figure 14 Numerical results for Mesh 3.14lb - Fully clamped:(a)
stress distribution: top and front view, (b) displacement
distribution: top and front view. (Deflection were increased 147
times form its original size)

4. Conclusions

From the numerical study conducted herein the following
conclusions are drawn:

¢ Analyzed models of expanded metal meshes, attained
deflections below the maximum recommended value
of 6.35 ([mm). This value is only for pedestrian comfort
outlined in the EMMA 557-15.

e For suitable geometries, expanded metal meshes are
able to support loads up to 3905.51kg regardless if the
load is uniform or concentrated.

e The strength of the expanded metal sheets subjected
to transverse loads depends on the distance between
the supports, a smaller distance between supports
represents a greater resistance of the structure.

e Results obtained with a clamped structure in
orientation |, are more convinient than a clamped
structure in orientation Il. Regarding the fixed
situation in orientations | and Il, this configuration
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