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Introduction

All discussed topics are available in the Concept Edition of SCIA Engineer, unless it is explicitely
mentionned for a certain specific topic.

As an introduction, some basic rules for good use of fem software are given:

« Do not start too complex. It is better to draw up a coarse model first and to refine it afterwards. From
the coarse model a number of primary conclusions can be already drawn to simplify the rest of the
course of the modelling.

¢ In many cases the Finite Element mesh is too coarse in a specific detail area to obtain exact results.
Instead of trying to refine the mesh in such an area, it is mostly advisable to draw up a submodel of
the detail.

« Drawing up a submodel is based on the St. Venant principle that indicates that if the real force
distribution is replaced by a static equivalent system, the stress distribution is only influenced in the
direct environment of the point of application of the forces. Specifically this means that if the edges of
the submodel are removed far enough of the stress concentrations that you want to examine, the
submodel gives reliable results.

» Restrict the structure type to the necessary. It is not always necessary to model a 3D structure. A 2D
environment can provide just as good results in a quicker and simpler way. Especially the restriction
of the number of degrees of freedom can lead to fewer problems with the calculation.

» If possible, use symmetry to restrict the calculation model in size.

» Always apply/test new functionalities, special techniques to a small project and apply it only
afterwards on the real complex project.

« Always calculate the structure after modelling, loaded with the self weight. The other loads can only
be imported when no problems were encountered.

» Always consider the compliances of the construction as a whole with an instability/singularity. If the
degrees of freedom are obstructed for the entire structure according to the construction type, only
then take a look at the members.

»  After calculation:
0 Checking the reaction forces
o Checking if the moment diagram progresses as expected
o Checking if the structure is deformed as expected

» If possible, always perform a coarse/short manual calculation to verify the order of magnitude of the
results.
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The elements in SCIA Engineer

Type of Element — Solver

The solver of SCIA ENGINEER uses the same element for plates as for the bending behaviour of shell
members. Analogously, the same element is used for walls and for their functioning, namely the wall inner
forces.

In a General XYZ environment there are 6 degrees of freedom for each node. Physically, these 6 degrees of
freedom represent the following: the displacements u, v, w and the rotations ¢,, ¢, ¢,. The components of
displacement are given in the local axis of the element. So u, v, ¢, represent the plane stress/strain state, w,
dx, ¢y indicate bending/shear force.

The element used in SCIA Engineer for the calculation of membrane forces includes a 3-nodes triangle and
a 4-nodes quadrilateral with 3 degrees of freedom per node.

[Us, V3, §3]

[Us, V3, 3] [Us, Vs, G4] A
AN i

[us, vi, §4] [uz, V2, §7] [z, V1, §4] [Uz, Va2, §2]

With regard to the application of these elements, the following advantages can be given:
- The structure is calculated more accurately.
- The 2D elements can be connected with 1D elements in the nodes thanks to their rotational degree

of freedom.

For more information see ref. [5]. A detailed description of the element used for bending/shear force is given
in ref. [7].

Because of the following properties of the solver in SCIA ENGINEER, an optimal result is obtained for the

finite elements calculation (ref. [6]):

- Implementation of the algorithm for interpolation on edges. This provides an accurate approach of
the shear stresses on an edge.

- Great precision concerning the calculation of internal forces in ribs.

- Use of the model for line supports on 2D member edges: this method introduces a good
representation of the intensity with the guarantee of continuity of the stresses on the intersections
of crossing line supports.

- By optimizing of the algorithms and by rewriting some parts of the code with respect to earlier
versions (before version 5.0), there is a gain of speed of approximately 15%.



For the bending behaviour there are 2 types of elements implemented:
- The Mindlin element including shear force deformation
- The Kirchhoff element without shear force deformation

The difference between a Kirchhoff and a Mindlin calculation will be discussed in Chapter 9.

i - —

MNarme
B Solver
MNeglect shear force deformation [ Ay, Az 2> A O
Bending theory of plate/shell analysis rdindlin ol
Type of sohver Direct =
Mumber of thicknesses of rib plate 2l
Mumber of sections on average mamber 10
Maximal acceptable translation [mm) 1000.0
Maximal acceptable rotation [mrad] 100.0
Coefficient for reinforcerment 1

ﬁ‘ i‘i‘ ok || cancal

Local axis of a 2D element

Each 2D finite element has a local axis. The results (internal forces, stresses) are represented according to
these axes and the loads can be introduced according to them.

The local coordinate system can be drawn on each element: Set view parameters for all > Structure >
Local axes > Members 2D

For projects with Plate XY and Wall XY, the local axis is identical to the global axis. The following
explanation relates to General XYZ projects.

The local coordinate system is a right-handed Cartesian coordinate system. The origin of the axis lies in the
starting point | of the 2D mesh element. The results are independent of the choice of starting point I. The
generator of the finite element mesh defines the begin node of each mesh element automatically.

The z-axis is perpendicular to the plane of the 2D mesh element and the orientation is defined as follows:

When an observer looks in the direction (resp. in opposite direction) of the z-axis, the description of the
nodes |, J, K, L of a mesh element is clockwise (resp. counter clockwise).

The direction of rotation of a 2D finite element corresponds to that of the 2D member in which the finite
element takes part. The direction of rotation of a 2D member depends on the direction in which the nodes
are established while introducing the geometry.

The user can modify the direction of the local z-axis after input of the geometry. This can be useful to simplify
the input of the loads. Select the 2D member and check the option LCS Z axis Swap orientation. Pay
attention to the local axes of the mesh elements, that they will not rotate with this option.
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The local x- and y-axes are located in the reference plane of the 2D mesh element (the middle plane) and
since the coordinate system is always orthogonal, it is sufficient to define the local x-axis:

The local x-axis is the intersection curve of a horizontal surface through the origin of the global axis and the
surface of the 2D mesh element. Its positive orientation is defined in such a way that the angle between the
+x and +X-axis is acute.

There are two cases for which above-mentioned definition is inadequate:
1. If the local x-axis is perpendicular to the X-axis, the criterion of the acute angle is not valid anymore.
2. When the element plane and the XY surface are parallel, a cross-section cannot be defined.

The rule for the definition of the local x-axis in case of these exceptions is as follows:

1. The orientation of the local +x-axis corresponds to the orientation of the +Y-axis. This criterion replaces
the criterion of the acute angle.

2. The +x en +X axes are identical.

EXAMPLE: Axis.esa

In this example a sloping plate is introduced as a shell element to indicate the position of the local axis
according to the above-mentioned rules.

The numeration of the nodes is given clockwise when you look in the direction of the local z-axis.

The intersection line of a horizontal plane through the origin with the plane of the 2D member
represents a straight line according to line K1 and K2. This means that the local x-axis is perpendicular
to the global X-axis so the criterion of the acute angle is not valid. As a result, the orientation of the
local +x-axis corresponds to the orientation of the +Y-axis.



Since version SCIA Engineer 2011 the user has the possibility to set the direction of the local system axis in
following ways:
0. x(y) automatic (same as in SCIA Engineer 2010.1)
1. x(y) parallel to a given plane
2. X(y) concurrent with a given line. It leads from the center of the element to the cross of the element
plane and the line.
3. X(y) as a tilt of a vector defined by a vector. It is a vector, lying in the element plane, which has the
smallest angle with the given vector)
4. x(y) as a tilt of a vector defined by a given point. It is a vector, oriented from the element center to
the given point, will be tilted to the element plane.
5. x(y) as a tilt of a vector defined by a given line. It is a vector, starting at the element center and
perpendicular to the given line will be tilted to the element plane.

The user can interact and swap the local z direction on all 6 methods.
Points and vectors required to define the new types of local system axis are set by the user in the properties
of the 2D member.

- The local system of the type 1 and 3 is defined by one vector.

- The local system of type 4 is defined by one point.

- The local system of the type 2 and 5 is defined by two points.

EXAMPLE: User defined LCS.esa

In this example the use of a user defined LCS with local y pointing to a given point is illustrated.
There are two cones. One of the cones has standard definition of local axis. On the other cone, the LCS is

defined by a tilt of a vector defined by the top of the cone.

Stricture 9%

5 {71 10 Member
& #% Laad panel
& £ Advanced Input
# b Model data

FE] check structure data
& B Modeling/Drawng
& [l ediof solids

el of mater ial

=
<

Name 82
Type shel (38
Analysis model Standard

glgia
la

FEM nonlingar model
Thickness type constant

Lo Leleds B lale

Thickness [mm] 200
lane

kLo

Local axis
1 [m] 20000
vl [m] 0.000
1 [m] 5.000 v

Table adit geometry

Standard method tilt of vector defined by point
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Mesh generator and mesh refinements

With Calculation, Mesh > Mesh setup the size of the mesh elements and the general setup of the mesh
generator can be changed. The adopted dimension of the mesh for 2D members is valid for the entire
structure.

By means of Calculation, Mesh > Local mesh refinement  alocal mesh refinement can be introduced on a
specific node, 2D member edge or on a surface. That way for example, a coarse distribution can be adopted
on the global structure and a more refined mesh for a specific 2D element.

General setup with Calculation, Mesh > Mesh setup:

Mame
B Mesh |
Minimal distance between two points [m] |0.001
Awverage number of tiles of 10 element 1
Awerage size of 20 elementcurved element [m) |1.008
Definition of mesh element size far panels |Automatic l]

Awverage size of panel element [m]

B 1D elements |
Minirmal length of beam elerment [m) |.100
aximal length of beam elerment [m] /100,000
Average size of cables. tendans, elements on subsoil, nanl... 1,000
Generation of nodes in connections of beam elements B
Generation of nodes under concentrated loads on beam el... O
Generation of eccentric elements on members with variabl.. O

Division on haunches and arhitrary members 5

Apply the nodal refinemeant Mo 10 members l]
B 2D elements |

To generate pradefinad mesh B

To smooth the barder of predefined mesh o

Maximal out of plane angle of a quadrilateral [mrad] 130.0

Fredefined mesh ratio 1.5

Hanging nodes far prestrassing O

%‘ i‘i‘ . Ok, H Cancel ll-l

Mesh

Minimal distance between two points [m]
If the distance between two mesh nodes is lower than the value specified here, the two points are
automatically merged into one single point. This option applies for both 1D and 2D elements.

Average number of tiles of 1D element
If necessary, more than one finite element may be generated on a single beam. The value here specifies
how many finite elements should be created on the beam.

This value is only taken into account if the original beam is longer than the adjusted Minimal length of beam
element and shorter than the adjusted

Average size of 2D element/curved element [m]

The average size of the edge for 2D elements. The size, defined here, may be changed through refining the
mesh in specified points.

This option also defines the magnitude of finite elements generated on curved beams.



Definition of mesh element size for panels
If the load transfer method for load panels is set to Accurate (FEM), then a FEM analysis is performed to
define the load transfer. By this setting the mesh size of such load panels can be defined.

Average size of panels elements [m]
Defines the average size of mesh elements for load panels if the definition is set to manual.

1D Elements

Minimal length of beam element [m]

When a beam of the structure is shorter than the value here specified, then the beam is no longer divided
into multiple finite elements even though the parameter above (Average number of tiles of 1D element)
says so.

Maximal length of beam element [m]
If a beam of the structure is longer than the value specified here, then the beam will be divided into multiple
finite elements so the condition of maximal length is satisfied.

Average size of cables, tendons, elements on subsoi |
To obtain correct results, it is necessary to generate more than one finite element on cables, tendons
(prestressed concrete) and beams on subsoil. See example Subsoil.esa.

Generation of nodes in connections of beam elements
If this option is ON, a check for "touching" beams is performed. If an end node of one beam "touches"
another beam in a point where there is no node, then the two beams are connected by a FE node.

If the option is OFF, such a situation remains unsolved and the beams are not connected to each other.
The function has the same effect as performing the function Check of data .

Generation of nodes under concentrated loads on bea  m elements
If this option is ON, finite elements nodes are generated in points where the concentrated load is acting. This
option is normally not required.

Generation of eccentric elements on members with va  riable height

If this option is ON, eccentric elements are generated on haunch beams and on beams of variable height.
The finite element axis is no longer in the axis of the original beam, but it follows the generated cross-
sections along the haunch. See example Excentric_elements.esa

Division on haunches and arbitrary members

This specifies the number of finite elements generated on a haunch. This option prescribes the precision of
the modelling. The larger the number, the better the model approaches the reality. See example
Haunch.esa.

Apply the nodal refinement

This specifies if the nodal refinements should also be applied on beam members. The nodal refinement is
represented by a volumetric element, namely a sphere. As a consequent, the mesh of all the structure
elements situated in this sphere will be refined taking the following possibilities into account:

No 1D members
The refinement is applied to 2D members only.

Only 1D members
The refinement is applied to 1D members only.

All members
The refinement is applied to both 1D and 2D members.

11
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2D elements

To generate predefined mesh

If this option is ON, the mesh generator first tries to generate a regular quadrilateral finite element mesh in
every slab complying with the adjusted element-size parameters. Only if required, additional needed nodes
are added to the mesh.

If this option is OFF, the finite element mesh nodee first generated along the edges and furttheemesh is
generated to the middle of the plate.

Generally, the first option is faster, gives less 2D mesh elements and has a regular mesh in the middle of the
plate. At the transition to an inclined edge the elements can be less optimal. The parameter ratio predefined
mesh determines the distance (in relation to the element size) between the predefined mesh and the edges.

To smooth the border of predefined mesh
If this option is ON, the border elements of the predefined mesh are included into the process of
smoothening, i.e. the mesh area consisting of regular quadrilaterals can be increased.

Maximal out of plane angle of a quadrilateral eleme  nt [mrad]

This value determines whether a spatial quadrilateral element whose nodes are not in one plane will be
replaced by triangular elements. This parameter is only meaningful for out-of-plane surfaces — shells. The
assessed angle is measured between the plane made of three nodes of the quadrilateral and the remaining
node of this quadrilateral.

Predefined mesh ratio

Defines the relative distance between the predefined mesh formed by regular quadrilateral elements and the
nearest edge. The edge may consist of an internal edge, external edge or border of refined area. The final
distance is calculated as a multiple of the defined ratio and adjusted average element size

for 2D elements.

EXAMPLE: SUBSOIL .esa

In this example a HEA200 with steel quality S235 is calculated according to the EC. The beam has a length
of 10 m and is supported by means of a foundation strip with a stiffness of 50MN/ m2. At the ends and in the
middle the beam is loaded by point forces of 50 kN.

Successively, the number of elements of a beam on subsoil has increased to evaluate the influence of the
mesh refinement on the results. The results are considered in the middle of the beam.

Average Size [m] # 1D Elements |Uz [mm] My [KNm]
10 2 -0,20 -0,18
5 3 -0,08 -0,37
1 11 -0,48 3,25
0,5 21 -0,57 5,9
0,25 41 -0,62 7,98
0,1 101 -0,65 9,54

It is clear that the mesh refinement has a significant influence on the results.
In this case, it is important to realize that a standard mesh, satisfactory for normal beams, is insufficient for

beams on a subsoil. For this reason, SCIA ENGINEER allows to refine the mesh particularly for this type of
beams.

12



EXAMPLE: HAUNCH .esa

A haunch imagines a structural element with a variable height. However, a 1D mesh element has a constant
height. Because of this, it is necessary to design these beams with a variable height by means of a finer
mesh.

In this example a haunch with a length of half the beam is considered. This beam has a width of 200 mm, a
length of 4 m and concrete quality C25/30 according to the EC. The height of the haunch varies between
1000 mm and 200 mm. The whole is loaded in the middle by a point force of 250 kN.

If for example the number of finite elements per haunch is putted on 2, then the haunch is divided into two
segments during the mesh generation. Subsequently the section in the middle of each segment is
determined. This segment will be used for the finite element.

T
|
U2 | Lfer2 | Lier2 ‘ Lfel2

=

Lfe = Lh/i2 Lfe = Lh/2

The number of finite elements per haunch is increased and the influence on the global maximal deflection of
the beam is analyzed:

# EE per haunch | Uz [mm]
2 -45,89
5 -48,40
10 -49,69
20 -50,15
50 -50,29

The results show that a higher number of elements will approach the real haunch better. On the other hand,
the number of elements is not directly in proportion to the precision. This example shows that a number of
finite elements of 10 is already sufficient to receive an accurate result. So, it is not necessary to use an
extremely high number of elements.
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EXAMPLE: ECCENTRIC_ELEMENTS2.esa

In the following example a frame XZ is constructed by means of the catalogue blocks. Next, an eccentricity is
given to the left column by changing the member system-line , namely by choosing the type ‘under’.

Both columns are hinged, so that you do not expect moments in the end nodes. When the project is
calculated, the results proved to be asymmetrical. What's more, the moment in node N1 differs from 0.

\—

’éiﬁL{L\‘

\
S L

T
| N

Jz > X

/N /
V. ¥

A
b

This result can be ascribed to the eccentric position of the column. The normal force in node N1 takes part in
the middle of the section. This means that in the case of a column with dimensions 500x300mm, this internal

force takes part at a distance of 250mm of the support. Please note here that the supports are placed on the
member system line and not on the reference line of the beam itself.

From this follows that a reaction of —38,06kN generates a moment of:

-38,06 kN x 0,250 m = -9,515 kNm

This can also be verified when claiming the internal forces for column B1:

Internal forces on member

Header

Linear calculation, Extreme

Selection :
Loadcases :

B1
LC1

Global, System : LCS

Internal forces on member Case Member dx N vz My
[m] [kN] [kN] [kNm]
LC1 B1 0,000 -38,06 -4,01 -9,51
LC1 B1 5,000 -19,66 -4.01 -29,55




Warning Elements with angle < 5°

If there are mesh elements with an angle < 5° the program gives a warning during the mesh generation with
the numbers of these elements. These elements give inaccurate results. Usually it is about an error in the
geometry input. The inaccuracy of results reveals itself in the neighbourhood of this mesh element.

Scia Engineer g|

There are 21 elements having an angle smaller than 5.000 degrees. The results on these elements are less accurate, Therefore it's suitable o correct the
L} model,

Tip: View flags are installed in the model at these elements. You can enable the view flag in Misc. » Calculation info.
{Blement Sin slab 52..)

Small mesh element (slab $49)

Small mesh element (slab $46)

AL A

The arrows indicate the position of the less accurate mesh elements and they give the name of the 2D
element to which these mesh elements belong.

Reproduction Mesh nodes and Mesh elements

By way of Set view parameters for all > Labels > Mesh  the numbers of the mesh nodes, 1D and 2D
elements, can be displayed. This makes it possible to recover the elements of the above-mentioned warning
or to have a look at the results in a specific node of the deformed mesh. Further, this option also allows
verifying for example the number of 1D elements on a beam.

Representing these labels is only possible after generating the Finite Elements mesh.

It is also possible to select a meshnode by typing the command SELMN in the Command line.
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Distribution of the loads

The solver of SCIA ENGINEER knows 3 types of loads on the finite element mesh:

- aconstant surface load on a 2D element. This load works according to a local axis of the element, or
according to the global axis

- apoint force in a node of the element mesh

- apoint moment in a node of the element mesh

The introduced loads are guided to loads on the finite element mesh as follows:

Introduced load Is converted to:
2D surface load Surface load on 2D elements
Free load — Rectangular or polygon Surface load on 2D elements those are located

completely into the charged surface. If 2D elements
are charged partially, this load is converted into point
forces on the nodes. The load on each 2D element is
constant. A linear load is translated in a load that
goes off gradually.

Free load — Line load or point force Point forces on nodes
Free load — Point force (moment) Point moments on nodes
1D line force or 1D point force Point forces on nodes
1D line force or 1D point moment Point moments on nodes

A point force is translated into forces on nodes of the mesh — without moments. The error created by this is
generally smaller than the error caused by a finite division in elements. The error converges to zero when
refining the mesh.

After the calculation the loads on the finite element mesh can be looked at with Calculation, mesh > 2D
data viewer> surface loads.

For larger projects it is not necessary to calculate the entire structure in order to examine the division of the
loads: start the calculation and choose the option Test of input data instead of Linear calculation in the
dialogue box for the calculation. The loads are spread over the mesh, but the structure is not calculated.

Beside the forces and the moments there are also deformation loads: curving epsilon and
expansion/shrinkage k. These are shown under Calculation, Mesh > 2D data viewer > Temperature load.

If a free 2D load is not shown in the me2i data viewer, it can be ascribed to the fact that the chosen nisesio
coarse. The 2D load is then displayed by meansiot forces on the mesh nodes and not as a sudadeon the
element.

EXAMPLE: LOAD DISTRIBUTION.esa

In this example a plate is loaded gradually with load cases out from above-mentioned table. By way of 2D
data viewer it can be examined which way these load cases are spread over the mesh nodes and mesh
elements.

16



Calculation — Solution methods

During the calculation the solver has to formulate and solve the following system of equations:

In this, F imagines the force matrix, K the stiffness matrix of the structure and A the displacement matrix. For
large projects, this involves a system that solves ten thousand equations (e.g. 40.000 nodes = 240.000
degrees of freedom = 240.000 equations).

To solve this system, two solution methods have been implemented in SCIA ENGINEER: the Direct Solution
and the Iterative Solution.

Direct Solver

This is a standard Cholesky solution based on a decomposition of the matrix of the system. Along this
method the system is solved directly into the displacements.

The advantage of this method consists of several right sides that can be solved simultaneously. This means
that all load cases can be solved collectively. This type of solution is especially effective for little and
medium-sized problems when disk swapping is not necessary. The limit depends on the size of the problem
and the size of the available RAM memory.

Generally it can be said that this solution is more convenient for most of the problems.

The disadvantage of this solution may emerge with extremely large problems. The calculation time may rise
considerably if the RAM size is unsatisfactory. What's more, the problem cannot be solved at all when the
available disk space is inadequate.

If the problem is big and of poor numerical condition, the rounding error may be so big that it exceeds the
acceptable limit. This may result in an imbalance between results of load and reactions. The difference
between the total sums of loads and reactions should not be bigger than about 0.5%. But even a value of
0.1% suggests that the results may be suspicious.

The total action and reaction per load case can be found in the Calculation protocol under Results.
If this imbalance appears, the program gives a warning and you have to choose for the iterative solver. This

inaccuracy occurs from about 25.000 2D elements. A precise limit of the number of elements cannot be
defined because the rounding error also depends on the ratio of the stiffnesses of the elements.

17
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Iterative Solver

The Incomplete Cholesky conjugate gradient method is applied. With this method an assumed value for the
displacements is introduced in the system. Subsequently the forces F are calculated and compared to the
inputted forces. From this, new displacements are deduced. In that way, the displacements are calculated
iteratively.

The advantage is minimal demand on RAM and disk size (a project with 150.000 nodes requires about 250

Mb RAM memory). Therefore, the solution is convenient especially for extremely large problems that cannot
be solved by means of direct solution or whose calculation time would be enormous for that kind of solution

due to excessive disk operations.

Another advantage is that due to the ability of continuous improvement of the accuracy, the method is able to
find a technically accurate solution even for equation systems that would be numerically unstable in the
direct solution.

The disadvantage is that the method can only employ one right side at a time and this increases the time

demands for equation systems with several right sides.
The desired solution method can be established under Calculation, mesh > Setup solver
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Convention of terminology and sign of the results

The following internal forces are given in relation to the finite elements. The indicated directions of the
internal forces declare the positive directions. The action on the 2D mesh elements is drawn.

FOR BENDING (2D plates, 3D shells) :

Bending moments m m,

ZP
m,
_,-'/ _____________
m, 7
j.r’

.-"-“‘-)

-
; m, =-— Lcsx.z dz
1

bl m, =— LGTZ dz

In case of homogeneous plates, the stress on the positive side z = +h/2 is:

o, =-my/ W, g, =-m, /W, with W=h?/6.

Torsional moment gy

In case of homogeneous plates, the stress on the positive side z = +h/2 is:

G,y =-m, /W, with W=h?/86.
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Shear forces,gq,
7F
_/j/f
i q,=— L’Em dz
/ i q}. qy = _L‘EYJJ dz
# Ux

The vertical components of shear stress are 1y, = -0« / h, T,; = -q, / h, constant across the thickness
(Mindlin). More general, they can be understood as mean values for the interval -h/2 <z <h/2.

FOR MEMBRANE EFFECTS (2D walls, 3D shells) :

Membrane forcesnn,

The normal forces are o, = n,/h, o, =ny/h.



Shear forces gxy

/ . qw:thY dz

The horizontal component of the shear stress is T,y = Qy, / h.

Comparison between a membrane and a standard elemen  t

When you compare a membrane element with a general 2D-element, then you can conclude that the
bending moment mx equals 0 in this structure.
The figure below represents the stress oy in both elements.

Mornent mx

mx [kNm/m]
083
058

053 1%

Stress Sigma X+
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A plate element that is modeled in plate xy environment will only take bending forces.

A wall element that is modeled in wall xy environmenet will only take membrane forces.

It is however important to note that every 2D element that is modeled in a general xyz environment can take
both bending and membrane effects. This means not only shell elements, but also plate and wall elements
modeled in general xyz can take both bending and membrane effects. Unless of course it is defined as a
membrane element. Then the elements have only axial stiffness and will therefore take only membrane
forces.

To define an element as a membrane element a non linear analysis should be run.
Also the module esas.37 — membrane elements is needed. This module is only part of the EXPERT Edition.
By making use of membrane elements, it is possible to neglect bending effects.

It is however not possible to neglect membrane effects. A work-around therefore could be to neglect the
membrane stiffness by making use of orthotropy or property modifiers. This will be discussed further in the
chapter about orthotropy.

Local, UCS, LCS Polar and LCS-2D Element

The x and y axes in which the internal forces are defined, as drawn above, may be the local axes of the
mesh element (Local option), the axes of a stored UCS (UCS option), the axes of a radial system of which
the origin is the origin of a stored UCS (LCS polar option) or the local axis of the 2D element (LCS-2D
element option).

With the option Local, an angle can be introduced. When this angle equals 0, the results are given in the
local co-ordinate system xyz of the mesh element. When introducing an angle, the internal forces are given
according to an axis that is rotated around this angle from the local co-ordinate system. A positive angle
rotates from local x to local y. The following formulas define the rotation of the co-ordinate system xyz around
the z-axis to another position ntz:

m, =m,cos’ a +m, sin’a +2m,_ sina cosy

m =m,sin’a +m, cos’ a -2m, sina cosy

m,, = (my —mx)sina cosa +m, (cos a —sin’ a)
g, =q,cosx +q,sina

0, =—q,sina +q, cosa

zF

bl

The angle is positive in the direction of the vector +z, this means it is measured from the +x-axis to the +n-
axis.



Detailed results in mesh node

The internal forces of 2D-elements can be claimed for each mesh node or element. This is illustrated through
following example.

EXAMPLE: Results_mesh.esa

A plate supported on two edges is loaded by its selfweight and a permanent surface load. Out of these two
load cases a ULS and a SLS combination are generated. Subsequently, the mesh is activated and by way of
Set view parameters for all > labels > mesh  the numbering of the mesh elements and the mesh nodes are
displayed graphically.

Then the values for mx and the UGT-combination are claimed by means of Results > Member 2D —
internal forces.

mx-min [kNm/m]

4.50
2.00

0.00
2,00
-4.00
600
200

-10.00

-13.00

Cammand ine

hlpes 2408 smenne
Deetailed results inmesh nods

Preview wun iSe\em mesh verexfor displaying detailed resulis - Point selection - Select members for displaying additional vertexes (finish selection with ESC) »

When this option is activated, you can select members for display of vertexes.



Advanced Concept Training - FEM

Once you have selected a member and confirmed with ESC, the vertexes in this member will appear and

can be selected.

%

@@ |2 ke 2205

Command line:

lg [Fo2 % %

0 A GEE BE= My My DEE
VAP B

Select mesh verex for displaying detailed results - Point selection - Select vertexes »

After selection of a vertex, a screen appears in which the values for an element or a node can be claimed. It
concerns the elements and the nodes of the mesh.

When asking for the results of node 1 or for element 37, you receive following output:

(O elerment
i 1
Yalue in @no - |

[

Get values - rmx ]

[

Document ]

Coordinate
¥ = 0,000 m
¥ = 0,000 m
Z = 0,000 m

node 1:-11,90 kNmém

LCA: -2,80 kNmédm =1.35
LC2: 5,91 kNmdm =1.35

Close

(@ element
i a7
Yalue in Om - |

[ Get values - rmix ]

[ Document, ]

Coordinate
¥ = 3,500 m
Y = 3,500 m
Z = 0,000 m

2Dmac: E1

node 40 4,36 kNm/m
LC1: 1,43 kNm/m = 1.00
LCZ: 2,92 kNr/m = 1.00

node 41 ¢ 4,46 kNm/m
L1 147 kNe/m = 1.00
LCZ: 3.00 kNrm/m = 1.00

node 53 2,98 kNm/m
LCA: 0,98 kNrm/m = 1.00
LC2: 2,00 kNrm/m = 1.00 T

node 52 ¢ 2,83 kNm/m
LCA: 0,95 kNm/m = 1.00 b

|3

Note that mesh node 1 is on the edge of the plate and mesh element 37 is in the middle of the plate.

Close

Therefore different combination factors are used to obtain the minimum value for mx.

The table with values for load cases indicates in this way which linear combination is critical. Therefore these
detailed results for mesh node, could be used as an alternative to the combination key for 1D members.



However attention should be paid that the name of the load case in the values for load cases table, could be
different from the name of the load case given by the user. The names of the load cases in the values for
load cases table are based upon the order of creation of the load cases and not on the actual name of the
load case that is defined by the user. Therefore it is recommended to check the calculation protocol where
the load cases appear in the order of creation together with their user defined name.

Results in elements and mesh nodes

After a calculation of the structure, the deformation of the nodes and the reactions are calculated exactly
(displacement method). These are represented in the menu Results > 2D Members > Deformation of
nodes and Results > Reactions.

Deformations of nodes and reactions are the most accurate. The internal forces (and stresses) are derived
from these quantities by means of the adopted basic functions and are always less accurate using the Finite
Elements Method.

The internal forces of 2D elements are given in the menu Results > 2D Members > Member 2D- Internal
forces. Here are 4 possibilities.

- Innodes, no averaging
- Incenters
- Innodes, averaging

- In nodes, averaging on macro

25
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In nodes, no averaging

The result value in four nodes of the quadrilateral finite element is taken into account. The distribution of the
particular result quantity is considered linear over the element. No averaging between adjacent finite
elements is performed. This provides that the four values of the adjacent elements are shown in a node.

If these 4 results differ considerably, this indicates that the applied mesh is too coarse. In such cases, a
mesh refinement has to be applied on those positions. This reproduction of the results gives a good idea of
the discretisation error in the calculation model.

Isolines palette
£.832+003
43124003

1.8+003
71z
-3.226+003
57484003
-5.25e+003

-1.58e+004
-1.83e+004
-2.08e+004
-2.33e+004
-2 58e+004
-2.83e+004
-3.09e+004
-3.34e+004

In centres

The average of the results, calculated in the four nodes of the quadrilateral finite element, is shown in the
centre of gravity of the element.

There is just 1 result per element, so the picture with isobands is a ‘mosaic’. The development in a section is
multi-stage curve.

Isolines palette
4 4Be+00%
1.22e+003
-2.03e+003
-5.27e+003
-B.52e+003
A.1Be+004

1 Se00d
-1.83e+004
-2.15e+004
-2.47e+004

-2 Ze+004




In nodes, averaging

Similar to the option above, but the result values from adjacent finite elements are averaged to smooth the
distribution of the result from one element to another.

In some cases it is not allowed to take the mean value of the internal forces in a node:
« 3D shells if the local x and y-axes of the 2 members not coincide. See example Average.esa

« Ifaresultis really discontinuous, for example the shear force at the line support of a plate: the peaks
disappear completely when averaging the positive and negative shear forces. See example
Average2.esa

Isolines palette
25824003
12724002
1.042+003
-3.35e+003
-6 BEe+003
-7.97e+003
1.032+004
-1.26e+004
.49e+004
1.72e+004
-1.86e+004
-2.18a+004
-2.412+004
-2.64e+004
-2.68e+004
-3 1e+004

-2.24e+004

In nodes, averaging on macro

Similar to above, but the average is performed for the elements of a slab. On the connection of two slabs,
the results from different slabs are NOT processed together. This solves the problems mentioned above.

Isolines palette
35824003
1.27e+003
-1.04e+003
-3.35e+003
-5.662+003
7.3Te+003
A.03e+004
-1.26e+004
-1.45e+004
-1.72e+004
-1.952+004
-2.18e+004
-2.41e+004
-2.54e+004
-2.88e+004
-3.11e+004
-3.34e+004
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EXAMPLE: RESULTS.esa

In this example a plate of 5m x 5m, fixed translation in Z-direction for the 4 edges, is calculated. The plate is
made of concrete C25/30 according to EC, with a thickness of 100 mm and loaded by a point force of 100 kN
in the middle.

The plate is calculated with a mesh of 0,5 m and the moment mx is analyzed in numbers in mesh elements
20, 21, 26 and 27. These elements are located around mesh node 31.
The results In nodes, no averaging for node 31 give:

11,00 kKNm/m
16,29 kNm/m
15,76 kNm/m > In nodes, averaging : 13,39 KNm/m
10,49 kNm/m

The results In nodes, no averaging for element 20 give:

4,47 KNm/m
3,62 kNm/m
15,76 kKNm/m
14,93 kNm/m

v

In centres : 9,70 kKNm/m

11.14 11.45 | 11.45
10.21 | 11.19 11.58 | 11.58

26 27

11.00

10.49 24.34 | 24.34

0 2
3.62 28.25 | 28.25
3.62 28.25 | 28.25




EXAMPLE: Averagel.esa

In this example a steel structure consisting of 2 plates of 5x5m with thickness of 50 mm is considered. The
plates are made of S235 according to EC and are fixed along two edges. The horizontal plate is loaded by a
line load of 2kN/m.

The structure is calculated with a mesh size of 1m and the results for my are claimed according to System
LCS — Member 2D.

Concerning the plates S1 and S2, the local x and y-axes have the same direction. Also the orientation of the
local z-axis corresponds. The maximal moment in the vertical plate In nodes, averaging is 10,71 kNm/m.

For the plates S3 and S4, the local x and y-axes correspond. But in this case, the orientation of the local z-
axis does not correspond. On the edge, the average of 2 equal moments with an opposite sign is taken. The
result is zero. The maximal moment in the vertical plate in nodes, averaging is 8,21 kNm/m. In nodes,
averaging on macro gives 10,71 KNm/m.

For plates S5 and S6, the y-axis of plate S6 corresponds to the x-axis of plate S5. On the edge, the average
of mx and my is taken, which has no significance. The maximal moment of the vertical plate in nodes,
averaging is 8,21 kNm/m. In nodes, averaging on macro gives the correct value of 10,71 kNm/m.

EXAMPLE: AVERAGE2.esa

A plate consisting of 2 fields of 7 m x 4 m (total 14m x 4m) and supported on its 3 shortest edges. Concrete
quality C30/37 according to EC and a thickness 200mm. The plate is loaded by a uniform surface load of —
50 kN/mz2. The average mesh size amounts to 0,5m and no averaging strips are used.
The results are claimed for the maximal shear force gx according to the carrying axle on a section in the
middle of the plate.

In centers : 203,93 kKN/m

In nodes, no averaging : 200,83 kN/m

In nodes, averaging : 189,79 kN/m

In nodes, averaging on macro : 211,87 kN/m
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Using in Nodes, averaging, the average of the positive and negative shear force is taken on the edge.
Subsequently the result is zero so a lower maximal is obtained.

38,84

T e, M
N —~=T1 ]

—188,34

Averaging strip

An average result for a defined surface can be made using an averaging strip. This is illustrated in the
following example.

EXAMPLE: SCIAAveragingStrips.esa

A square slab is inputted with dimensions 2m x 2m. The mesh size is set to 0,5m and a surface load of
5kN/mz2 is inserted.




After the calculation, the following results for mx in nodes not averaged are obtained:

s m [kNm/m]

108

080
060 42
040 4
020

Q.00
-0.20 4=
-0.40 4=
-060
-080 4=
-1.00
-1.20
-1.40

-1 62

An averaging strip was inputted in the Y-direction with “Direction” set to “Perpendicular” and a width of “1m”:

2D member
[Type

Wicdth [m]
D”e'jlﬂn :_pe__r_pend.icuiar ;!

L

Results of mx in nodes not averaged with averaging strip:

[ Properties W
2D member-Internal forces (1) |\ 7 108
Name |20 member - Internal forces 0.A0

*| Selection All = -

Type of loads Load cases fis
L’géd’éas’es |Lc & 040

| Filter No = 0.z0
System |Local ki 0.00
Rotation [deg) 0.00 !

; eal ]

Location b |Innodes, no avg Bl -0.40
Typéfﬁr:es Basic magmludes j7 077
Drawing Standard = S
iy B =

Extreme | Global =)

Drawing setup e
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When you look at the results, drawn with numbers, a manual verification can be made:

047 | =0.73
—47 | Q.73
047 | =073
=047 | Q.73 1.02
0.83 -0.47 | =073 108
QL3 =0.47 | =073
~0.42 =047 | =073 0.97
P
PR
| =077 0 —0.47 | =073 0:08
S — ¥ A | ™,
034 047

-0.19

For the same Y-coordinate, in each element the same value will be obtained. Looking at the results in
numbers without the averaging strip, the same value can be calculated taking the average of one line with
the same Y-coordinate:

—EET = | e 24 | DES 1.02
083 & | —E36 —1.62 |- =1.53 p24 [ H0.63 1.08
-g.42 0.86 0% 3.6 0.4 0.97
-.,' Y
= ~0.36 0.7 G
B LY
— A

0,09-043+044-037-0,36+0,40—-0,92-0,36
8

= —0,18875 ~ —0,19



This averaging strip was defined as “Perpendicular” and inputted in the Y-direction. Looking at mx
(perpendicular to the Y-direction) an average will be made.

When we look at my (parallel with the Y-direction) no average will be made:

Properties

2D mermber - Internal forces (1) _vJ AV T
Mame j2D membet - Intemnal forces
Selection |l )
Type of loads |Loadcases i<
Load cases |LCT =
Fiter |No =
System |Faeal ]
Rotaton[den] |0.00

Aweraging of peak iz

Location /In nodes, na avy. L
Typeforces |Basic mégnitud'é-s ' =
Drauin g Standard L
i 5 'my :_
Exreme Globel i
Dirawing setup B

Properties

|Rs (1) AT RIS
Name R31 &
20 member 131 |
Type | Strp

icth [m] P
T --cvinei |

An average will be made for my but not anymore for mx:

mx, average longitudinal my, average longitudinal

When choosing for “Both” an average will be made for the two directions.
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Note:

» The averaging algorithm uses only the finite elements that are located inside the averaging strip.
This may cause certain inaccuracies especially in combination with larger finite elements. Therefore,
it is recommended to define internal edges along the averaging strips. This ensures that finite
element nodes are generated along the edge of the averaging strip, which may significantly improve
the accuracy.

e The recommended procedure is thus:

Define the model of the structure

Perform the calculation

Review the results

Define averaging strips

Review the averaged results

Decide the final location and number of averaging strips
Define internal edges along the averaging strips
Repeat the calculation to obtain the improved results

OO0OO0OO0OO0OO0OO0OOo
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Torsion — connection between plate and column

When a structure exists of a plate with a column on top of it, the user has to pay extra attention to this when
there is a question of torsion.

If the plate is subject to forces or moments, which cause torsion, very large deformations may occur. The
thought behind it is the lack of a degree of freedom in SCIA Engineer, namely the rotation around the z-axis.
In other words, the moment mz cannot be claimed when asking for the internal forces of a 2D element. The
solution for this is the application of ‘dummy-members’ at the location of the connection between column and
plate.

This is clarified with the following example.

EXAMPLE: Column_plate.esa

Columns with a dimension of 500x500mm and a length of 4m are attached to a plate of 4x4m with a
thickness of 500 mm.

As load case, two point forces of respectively —1 kN and 1 kN are applied on the edge nodes of the plate.
These forces are lying according to the global X-axis. In this way, the plate will be subjected to a rotation in
his own surface without any transformation of the geometry.

When the deformation Ux in the plate is examined, very large deformations seem to appear. This is
especially the case at the location of the edges.

Ux [mm]
24590729
21000.000
48000.000
15000.000
42000.000

2000.000
6000.000
3000.000

0.000
-3000.000
-B000.000
-3000.000 +—
-12000.000
-15000.000
-18000.000
-21000.000
-24590.729

24590,727

This phenomenon can be ascribed to the fact that the plate has no rotational stiffness around the Z-axis.
‘Energyless’ deformation occurs, which means that the plate does not know any resistance against the
deformation Fiz.

However, in the middle of the plate, it is remarkable that this deformation will be much smaller and nearly
equal to the deformations of the plates on which the dummy-members are fixed. This means that an infinite
rigidity is ascribed to the connection plate-column. You can verify this by comparing the deformation of this
node in the plate with the deformation fix of the column:
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~0. 143

—D.136
T ~Oi2g
1"j =042
[ — ST
[ -0.108

j ~0.098

-0.090

= ~0.083
-0,075
[P =007z
~0.068

Rotation fix in the cofuunn

Rotation Fiz in the plate

Applying two crossing dummy-members at the connections is a way to get a correct approach of the reality.
These are attached to the plate by means of internal edges. This way, the small beams will take the rotation
of the plate on themselves, so the plate has a stiffness around the Z-axis. In this case, the large
deformations at the edges will be gone.

In the example, a variation of the length of the beams is applied to verify the influence on the deformations.

With this you receive the following results with a constant mesh of 0.25 m:

Length of Xy max Fiz max Ux max
dummy [m] [KN/m] [mrad] [mm]
0 57,54 -0,330 24587,503
0,05 145,83 -0,145 0,412
0,1 38,08 -0,152 0,332
0,15 23,52 -0,151 0,313
0,2 13,21 -0,154 0,306
0,25 10,63 -0,154 0,303
0,35 6,12 -0,155 0,299
0,5 3,55 -0,156 0,297
0,75 1,80 -0,157 0,297
1 1,78 -0,157 0,297

Several conclusions can be drawn:

When applying members of a very short length, this will affect the rotation and deformation
sufficiently.

Increasing the length of such a dummy-member will only have a small influence on the deformation
and rotation.

The shear stress gy, on the other hand, has a larger influence when increasing the length: the larger
the beams, the smaller the shear stress in the plate.

The shear stress varies little when a length of approximately half the section of the column is taken

When using a length of the same dimensions as the section of the column, plausible results can be
expected.

The section of the beams has a significant influence on the shear stress: a greater section gives rise
to a smaller shear stress and reverse.

- Preparatory to an analysis, a width equal to the dimension of the column and a height equal
to the thickness of the plate can be considered.
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All this can be concluded in the following graphs:
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Subsequently the size of the mesh is varied when using a constant length of the dummy-beams, namely
0,25 m. The following results can be summarized in a table:

Mesh gXxy max Fiz max Ux max

Size [m] [KN/m] [mrad] [mm]
1 3,79 -0,147 0,301
0,5 7,66 -0,149 0,301
0,25 10,63 -0,154 0,303
0,125 15,06 -0,164 0,304
0,1 14,44 -0,173 0,304
0,05 25.74 -0,193 0,305
0,025 39.60 -0,242 0,305

Also here following conclusions can be drawn:
« The deformation and rotation are only influenced with the size of the mesh to a limited extent.

» The shear stress has a larger influence: it increases as the size of the mesh decreases.
-> Preparatory to an analysis, a mesh equal to the length of the beam or the double of the length can be taken, depending on the
thickness of the plate.



EXAMPLE: Moment mz Walls.esa

When two walls are connected with a beam, a similar phenomenon appears. Also here a solution can be
found by means of the application of dummy-members as in the following figure:

Two walls with a dimension of 4x4 m are connected with each other by means of a beam with a length of

4m. This member is loaded in the middle through a point force of 10kN.

When applying dummy-members with a variable length, the following results are obtained:

Length
dummy-beam Field moment Mz Moment at the ends Mz Fiz
(m) (KNm) (KNm) (mrad)
0 10 0 0,278
0,2 6,41 -3,59 0,078
0,4 6,2 -3,8 0,067
1 6,18 -3,82 0,065

Even though the beam is fixed on both walls, it seems that this one has a moment of zero at the

connections. In other words, it looks like there are hinged connections. When using dummy-beams, these

moments rise slowly.

The walls show a much lower resistance against rotation around the Z-axis when there are no dummy-
beams. This can be verified for the rotations Fiz. As in the previous example, there is a lack of rotational

stiffness around the vertical axis.

Also in this case it can be solved by applying little beams to take care of this rotational stiffness. This effect

becomes clear when the deformation of the connecting beam is verified:
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In figure a) there are no dummy-members. In this case, the beam has the largest deformation because there
is no transition of the moment at the location of the connections. In figures b) up to d) the rotational stiffness
is taken on the dummy-members and the beams will bend less than in other cases. Because of this, the
moments at the ends will differ from zero. This way there is a better approach of the reality.



Choice of the element size

Introduction

There are no general methods to define the element size that has to be used in the calculation of certain
structures. However, there are some basic rules, which will be explained below:

- asimple method to define the correct element size experimentally
- experience of the calculation of practical examples with this element type

- understanding into the singularities if the result does not converge to the sought solution. A refinement of
the mesh does not offer any outcome in this case.

With a lack of experience with similar structures the experimental procedure- as mentioned below- will be in
most cases the only method to define the right element size:

1. Calculate the structure with an element size L.

2. Calculate the structure with an element size L/2. The element size can be altered for the entire structure
or local in the neighbourhood of the sought result.

3. Compare the results and verify the differences (maximal field moment, maximal moment at the edges,
maximal stress, theoretical needed reinforcement,...). If this result is larger than the intended accuracy, it
will be necessary to continue to refine the mesh.

The first rule for an initial choice of the element size exists of equating L with the thickness of the plate.
Obviously, this is not applicable for thick plates. A second rule says that there has to be 5 to 10 elements per
edge.

As mentioned above the option ‘in nodes, no averaging’ gives a good indication of the accuracy of the used
mesh.

Further in this chapter, a few examples of ‘patch tests’ are given, in which the influence of the mesh
refinement on the results can be verified. A finer mesh will lead to more accurate results but has a larger
calculation time as a consequence.

However, in some cases the results of the finite elements calculation does not converge to the expected
result. In such cases an increased mesh refinement does not offer a good solution.

Three examples of such singularities that occur in real terms are discussed in the paragraph “Singularities”.
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Patch test plate — Comparison with beam element

EXAMPLE: PATCHTEST 1.esa

A beam with rectangular section (width 1m x height 0,3 m) is compared with a plate. The span is 8m, the
beam is fixed at both sides and loaded with a line load of 100 kN/m. The material is C25/30 according to EC.
The coefficient of Poisson is equal to 0 to eliminate the transverse deformation of the plate.

The result of a beam calculation in SCIA ENGINEER is taken as reference. The reason for this is that SCIA
ENGINEER takes the shear force deformation into account in the standard way.

Uz [mm]

The results for the internal forces are claimed in nodes, averaging.

The maximal deformation Uz (reference result: 15,8 mm)

Element size # elements Uz
[m] along the [mm] % difference
length

2 4 -12,C 22,15%
1,2 6 -14. 9,49 %

1 8 -15,0 5,06 %
0,¢ 10 -15,3 3,16 %
0,4 20 -15,7 0,63 %
0,2 40 -15,7 0,63 %




The maximal field moment mx (reference result: 266,67 kNm)

Element size # elements mx
[m] alongthe [KNm/m] % difference
length
2 216,46 18,83 %
1,3 252,60 5,28 %
1 263,78 1,08 %
0,8 10 268,3: 0,62 %
0.4 20 267,3: 0,25 %
0,2 40 267,07 0,15 %
The maximal moment at the ends (reference result: -533,33 kNm)
Element size # elements mx
[m] alongthe [KNm/m] % difference
length
2 4 -416,9: 21,83 %
1,3 6 -490,16 8,09 %
1 8 -514,30 3,57 %
0,8 10 -524,6¢ 1,62 %
0,4 20 -531,40 0,36 %
0,2 40 -533,11 0,04 %

Next, the results are grouped in a convergence curve:

Result/Referencentie

1,05

0,75

Patch test Beam - Plate

/'—

8 10 20 40

Number of elements along the length

——&— Deformation Uz
—— Field moment mx

Moment at the edges mx
—¢— Shear force qx
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Conclusions:
- The results converge to the exact solution
- The field moment is right from 6 elements along the length, but more accurate from 8 elements

- The moment at the edges (peak value) and the deformation require minimal 10 elements along a
field.

Patch test plate — comparison with analytic results

EXAMPLE: PATCHTEST 2a.esaen PATCHTEST 2b.esa

The maximal deflection, the maximal field moment and the maximal moment at the edges of a plate fixed on
the four edges are compared with analytic results.

Project Data

Length: a =5m

Thickness: t = 0,02m

Surface load: q = -10kN/m2
a Steel: S235 according to EC

E = 210000 N/mm®

v=0,3

The plate is calculated in SCIA ENGINEER as well with Mindlin elements (Patchtest2a) as Kirchoff
(Patchtest2b) elements.
Reference

S.P. Timoshenko and S. Wotnowsky-Krieger, Theory of Plates and Shells, 2™ edition, Mc Graw Hill,
New York, 1987.

Analytic results

Deflection in the middle of the plate:

f=0.00126 qa* /D, withD=Et*/ (12 (1-v?))
2> f=-51,187 mm

Moment in the middle of an edge:
M = 0,0513 q a° = 12,8825 kNm/m



Moment in the middle of the plate:

M =0,0231 q a’ = 5,775 kNm/m

The results for the internal forces are claimed in nodes, averaging.

The maximal deflection Uz in the middle of the plate (reference result: 51,187 mm)

# Elements Mindlin % Difference | Kirchhoff | % Difference
element element

4 -21,700 57,61 % -54,400 6,28 %
16 -44,75¢ 12,56 % -52,90( 3,35 %
25 -40,239 21,39 % -45,500 11,11 %
10C -50,19¢ 1,94 % -51,70( 1,00 %
40C -51,09¢ 0,17 % -51,50( 0,61 %
2500 -51,355 0,33 % -51,400 0,42 %
1000( -51,40¢ 0,42 % -51,40( 0,42 %

The maximal moment in the middle of an edge (reference result: 12,8825 kNm/m)
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# Elements Mindlin % Difference | Kirchhoff | % Difference
element element
4 -1,851 85,63 % -16,440 27,61 %
16 -9,738 24,41 % -14,637 13,62 %
25 -9,58¢ 25,59 ¥ -13,14¢ 2,0¢%
10C -11,79( 8,48 % -13,09¢ 1,65 %
40C -12,50: 2,95 % -12,90¢ 0,20 %
250( -12,77: 0,85 % -12,85¢ 0,22 %
10000 -12,824 0,45 % -12,842 0,31%

The maximal moment mx in the middle of the plate (reference result: 5,775 kNm/m)

# Elements Mindlin % Difference | Kirchhoff | % Difference
element element
4 2,35¢ 59,22 % 7,052 22,11 %
16 7,33 27,05 % 7,07¢ 22,56 ¥
25 5,751 0,42 % 5,786 0,19 %
100 6,026 4,35 % 5,991 3,74 %
40C 5,80z 0,48 % 5,79¢ 0,33 %
250( 5,73¢ 0,62 % 5,73 0,66 %
10000 5,729 0,80 % 5,729 0,80 %
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Then the results are grouped in convergence curves:

Deformation Uz in the middle of the plate
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Fieldmoment mx in the middle of the plate
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1,25 A \
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The conclusions:
- The results converge to an exact solution
- 5 elements along the field give approaching values, 10 elements along the field give accurate values

- The Kirchhoff element in this case gives a slightly better approach than the Mindlin element. After all, the
reference result does not take the shear force deformation into account.



Singularities

Equivalent plate < beam

A frequently occurring misunderstanding is the fact that the user thinks that a simple plate supported on 2
edges behaves as a beam. This is only the case without transverse contraction (if v = 0). With normal values
of the Poisson coefficient (v = 0,2 or v = 0,3) very high peaks of the reactions appear near the angles.

Mesh refinement does not offer a good solution in this case and even increases the peak value.

This peak value is correct and converges to the theoretical value infinity by increasing the mesh refinement.
This can be explained as follows:

Consider the plate as different beams which lie next to each other. With v = 0,2, the bottom of the beam
becomes smaller, the top on the other hand becomes broader. The plate is going to bend in a direction
parallel to the supported edges, with the round side upwards (saddle forming: the plate deforms in the
bearing direction with the round side upwards). This bending is prevented by the line supports.

In a continuous plate this will cause bending moments my in the transverse direction, approximately with a
size of 0,2 mx. If this moment my occurred along the entire width of the plate, the reaction would be
constant. However, the moment has to be zero on the free edges. So, it seems that an opposite moment 0,2
mx exists on this edge, that which leads to great reactions in the corners. In other words: at the end of the
plate the saddle forming is not prevented anymore by the moments in the plate. The plate wants to deform
downwards at the end, which is prevented by the rigid supports. Because of this, very large reactions
appear.

EXAMPLE: PLATEBEAM .esa

In this example a plate of 3mx10m is calculated according to EC. The material is made of concrete C25/30.
The thickness of the plate amounts to 200 mm. The plate is supported on the long edges and is loaded by a
uniform load of 100 kN/m2.

Without the plate action a uniform line load of 150 kN/m is expected along each border.

The plate is calculated with an increasingly finer mesh. The maximal reaction in the corner increases more
and more:
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Element size[m] max. reaction rigid | max. Reaction flexible | Reduction peak
support [kN/m] support [kN/m] value %
0,8 179,62 175,28 2,42 %
0,4 232,8¢ 204,9: 11,99 %
0,2 326,44 225,16 31,03 %
0,1 438,9( 231,9¢ 47,15 %
0,05 549,06 233,67 57,44 %

The peak in the reaction can be attributed to the infinite stiffness of the support. A realistic stiffness reduces
the peak value considerably.

In this example the rigid supports are replaced by the stiffness of a concrete wall with E-modulus 32.000
MPa, a thickness of 0,1m and a height of 4m.

32000\ 100mm
k=Ets i =800/ =g00MN/
h 400(mm m? m

The results clearly indicate that the flexible supports have a decreasing influence on the peak value.

This effect is given in the following diagram:

Plate beam - effect flexible support
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Free edge

With a free edge a 2D plate cannot satisfy all the boundary conditions. This effect is not a property of certain
elements or the finite element method, but of the simplifications of the plate theory.

The explanation of this effect is explained in detail in reference [4].

The figure below shows the border of a plate that is free supported (hinged supports). In a section
perpendicular to the support, a torsion moment mxy exists. The created shear stresses have to go round at
the end of the plate, which occurs along a width equal to the thickness of the plate. In this part of the plate
the shear stresses produce a resulting vertical force V.

/i—fl X
i
/i

e

The dimension of the concentrated force V can be calculated by means of the part of the plate that is
displayed in the following picture.

In the sections parallel to the x-axis, a moment myx prevails and in the section parallel to the y-axis a
moment mxy prevails. Then the couple equilibrium around the x-axis is considered. In this equilibrium mxy
and the forces V play a role from which follows:

V=m,,

This is the case for a constant torsion moment. The vertical equilibrium of the forces with a varying torsion
moment is drawn on the picture below.

rﬂ_ 1
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d $: 4
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1
Al ls |
Sy Ll o0 ¥
:t' T My, + My, dy
: ¥

rdy = vedy + myg,.dy

Over a distance dy, the concentrated vertical force has increased with the value dmxy/dy. On the basis of
the vertical force equilibrium, the following formula is now valid:
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r= vy + dmy/dy

r is also called the shear force of Kirchhoff. The word shear force is not correct, since r is a reaction force of
the line support.
Analogously, concerning the reaction of the edge parallel to the x-axis:

r=vy + dmy/dy

The torsion moment is transformed under the form of additional reactions. Only the increase of the torsion
moment seems to play an important role.

This effect is known at the end of the edge, in the corner of the plate. On the picture below, the corner of a
plate has been drawn in which two free supported edges come together. The dimension of the plate e is very
small. On the two edges outside the plate, there is no possibility for the appearance of a vertical force with a
value of mxy or myx. In the sections trough the plate, they may occur. To ensure the vertical load of this
corner, there has to be a concentrated reaction with a value of mxy+myx. A familiar example is the
rectangular plate with a surface load and supported on all the edges. In here, tensile forces occur in the
corners.

On the free edge the reaction equals zero:

r=vy+dmy/dy=0

This does not necessarily imply that v, or m,, equal 0.

Specifically, this means that when using the Kirchhoff elements in SCIA Engineer at a free edge, a torsion
moment my, may occur.

When using Mindlin elements, there is an additional degree of freedom (rotation of the normal on the axis of
the plate with regard to the plate axis in deformed state) and the condition of mxy = 0 can be met. There may
occur a moment mxy in the plate and the gradient of mxy may give very huge shear forces because of the
condition of the vertical equilibrium. These shear forces occur entirely in the first row of elements along the
corner. With increasing mesh refinement this shear force converges to infinity. It can be neglected during the
design.



EXAMPLE: Free edge.esa

In this example a plate of dimension 5m x 5m is calculated with concrete quality C25/30 according to the EC.
The thickness of the plate is 0,2m. The plate is hinged on two edges and loaded by a free surface load of -50
kN/mz2.

The plate is calculated with different dimensions of the Finite Element mesh. The results for the torsion
moment on the free edge and the shear force gx in a corner are claimed in nodes, averaging.

Mindlin element:

mxy edge gx corner
# Elements [KNm/m] [KN/m]
25 -16,69 -158,64
100 -18,40 -203,41
400 -14,92 -286,89
1600 -8,17 -415,69
2500 -6,14 -464,08
10000 -2,15 -620,61
40000 -0,90 -771,62
Kirchhoff element:

mxy edge gx corner

# Elements [KNm/m] [KN/m]
25 -18,69 -96,33
100 -20,17 -96,39
400 -20,67 -96,58
1600 -20,83 -96,75
2500 -20,85 -96,79
10000 -20,87 -96,90
40000 -20,88 -96,97
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The results are shown in following convergence curves:

Torsion moment mxy on Free edge
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The above mentioned behaviour of both elements is clearly noticeable: for the Mindlin element, mxy
converges to the correct value zero. On the other hand, the shear forces increase.

For the Kirchhoff element, even with a mesh refinement, the condition mxy = 0 cannot be satisfied. The
shear force converges to a constant value.



Nodal support

In most cases, a column or pole is introduced as a nodal support. The real dimensions of the support are
neglected. In the Finite Element Method this is a singular node and the bending moment above this support
is theoretically infinite. The moment will also converge to this infinite value with increasing mesh refinement.

Refining of the mesh does not lead to the desired results in this case since the moment does not converge to
the real value.

A possibility to calculate this moment correctly is to introduce the column not as a nodal support but as a
flexible supported subregion. The dimensions of the sub region are the dimensions of the column. The
flexible support can be calculated out of the stiffness of the column. The results of such an approach are
compared to the results of a nodal support in the example below.

With an element mesh of half the dimension of the column, the model with a sub region gives a good value
of the occurring moment. The value is a little bit higher than the real occurring moment. An even finer mesh
gives unreal values. An element size equal to the dimension of the column is too coarse and gives an
underestimation of the real occurring moment.

EXAMPLE: NODAL SUPPORT .esa

In this example a floor structure is analyzed. It is supported by columns with a distance of 6 m. The plate has
a thickness of 0,2 m and is made of concrete C25/30 according to the EC. The whole is charged with a
surface load of 100 kN/mz2.

For the calculation one field of 6mx6m is considered. In the middle of this field a nodal support is inserted to
represent the column. At the edges the rotation of the plate is prevented in both directions since the plate is
stuck ‘on itself’.

In the first case the column is introduced by means of a nodal support. Secondly, the column is made as a
sub region supported by a flexible foundation. And in the last case, an averaging strip is used with the
dimensions of the column.

For the calculation of the stiffness a concrete column has been taken with a E-modulus of 32.000 MPa,
height 4m and cross-section 0,5m x 0,5m.

3 —1090,20
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The structure is calculated with Mindlin elements. The results are claimed in nodes, averaging.

Element size [m] max. mx max. mx max. mx
nodal support elastic foundation Averaging strip
[KNm/m] [KNm/m] [KNm/m]
1 -639,5 -459,5¢ -615,2:
0,5 -894,28 -500,71 -840,73
0,3t -976,2¢ -535,7( -921,3¢
0,25 -1145,39 -654,52 -1008,53
0,125 -1388,45 -711,72 -1090,2
0,062¢ -1628,4! -720,9: -1102,*

The results are shown in following convergence curve:
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moment mx [KNm/m]
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0,5

0,35 0,25
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—&— Nodal support
—#— Elastic foundation

Averaging strip

Element size (m)

The buffing effect of the subsoil on the result is clearly noticeable.

From this, you can conclude that the subsoil will approach the reality most accurately.




Mindlin versus Kirchhoff

Shear force deformation

For the bending behaviour there are 2 types of elements implemented:
- The Mindlin element including shear force deformation

- The Kirchhoff element without shear force deformation

With the Kirchhoff element a plane section of the plate remains perpendicular to the deformed axis of the
plate in the deformed state. This traditional bending theory is applied for thin plates and is supported by
following assumptions (ref .[8]):

- The middle plane is free of strains and stresses

- The stress component perpendicular to the surface (o,) is negligible (o, 00)

- Normals on the middle plane also remain perpendicular to the reference surface after the
deformation (hypothesis of Bernoulli)

For this theory the following conditions have to be satisfied:
- The thickness t of the plate is small with regard to the span L (t/L < 1/5)

- The deflections w remain small in comparison to the thickness of the plate t (w/t < 1/5)

On the other hand, the Mindlin theory doesn’t have one of the above-mentioned assumptions, namely: the
normals on the middle plane remain straight but not necessarily perpendicular to the middle plane after
deformation. As a consequence, additional strains Yy, and yy, arise in case of a Mindlin element.

This is shown on the picture below.
Figure a) represents the used symbols.
Figure b) shows the Kirchhoff element.
Figure c) the Mindlin element.

On figure d) a Navier balk is demonstrated, which corresponds to the Kirchhoff element.
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Navrer balk

The choice between these two elements can be made using the menu function Calculation, mesh > Solver

setup. Default the Mindlin theory is used and because of this, special attention has to be paid to the use of
thin plates.

Il Solver setup &‘
B Solver
Advanced solver options m}
Proper FEM analysis of cross-section parameters (= Ay, Az) m|
Meglect shear force deformation ( Ay, Az >> A) m} J
Twpe of solver Direct j
MNumber of thicknesses of rib plate 20
MNumber of sections on average memhber 1a
Maximal acceptable franslation [rrm] 10000
Maximal acceptable rotation [mrad) 100.0
Coefficient for reinforcement 1

| @[ u] [k ] cone

This option is only in relation with 2D elements. Specifically for beams, the shear force deformation can be
taken into account or not by means of the option Neglect shear force deformation (Ay, Az >> A)

The influence of the shear force deformation is especially important with thick plates with a small span.



EXAMPLE: Shear force defor mation.esa

In this example 3 plates of 2m x 5m, supported at the shortest edges and made of concrete C25/30
according to EC, are calculated. The thickness is successively 300mm, 600mm and 1200mm. A surface load
of -150 kN/m2, -1200 kN/m2 and -9600 kN/m2 is applied. The mean dimension of the element is 0,5m.

Uz [mm]
= -5.00
-10.00
1200
-14.00
-16.00
-18.00
-20.49
The deflection in the middle of the plate:
Kirchhoff element Mindlin element % difference
Plate 300 mm -17.49 mm -17.57 mm 0.5%
Plate 600 mr idemr -18.05 mn 3.2%
Plate 1200 mi idemr -19.88 mn 13.7%
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Kirchhoff versus Mindlin on the edge of an element

In the theory of Mindlin three degrees of freedom are available on the edge of a plate element:

w = deformation in the local z-
direction of the plate

. ¢, = rotation around ny

. (rotation parallel with the edge)
. ¢, = rotation around nx

. (rotation perpendicular on the
edge)

In Kirchhoff’s theory only two variables are needed, the variable ¢, does not exist, because shear
deformation is not taking into account in Kirchhoff's theory.

On the edge, the following forces will be taking into account for Kirchhoff and Mindlin:
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Kirchhoff assumes a constant torsional moment on the end of the plate.

At Mindlin’s theory, the torsional moment mxy will become zero on the edge, but this results in high values
for vx.

In Mindlin’s theory the torsional moment will go from its maximum to zero over a distance of t/2 (t = the plate
thickness). For thin plates, this is a very small area, so when using Mindlin’s theory for thin plates a lot of
finite elements will be necessary on the edges.

This is shown in the following example.

EXAMPLE: Kirchhoff vsMindlin.esa

This next example two plates with a different thicknesses (200mm and 2250mm).

The mesh of this plate is 0,5m, but on the edges a denser mesh has been inserted:

Thin plate:

Results — Kirchhoff — thin plate:

Element size Uz max |mxy]| max. |vX|
edge [mm] edge edge
[m] [KNm/m] [KN/m]
0,5 -6,2 15,26 0,48
0,2 -6,2 14,99 4,24
0,1 -6,2 15,00 9,84
0,05 -6,2 14,98 2,99
0,03 -6,2 14,97 1,91

0,015 -6,2 14,97 1,78
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Results — Mindlin — thin plate:

Element size Uz max. [mxy| max |vX|
edge [mm] edge edge
[m] [KNm/m] [KN/m]
0,5 -6,3 12,76 81,23
0,2 -6,3 11,61 210,73
0,1 -6,3 8,12 238,87
0,05 -6,3 4,30 225,25
0,03 -6,3 2,26 232,82
0,015 -6,3 0,93 235,85

The deformation Uz for Mindlin and Kirchhoff in the middle of the plate will be the same and will not
depend on the border mesh size.

As explained before will Mindlin results in a zero mxy using small elements. The comparison between
Mindlin and Kirchhoff is made in the diagram below:

18

16

14

=
N

Juny
o

8 &— Kirchhoff

mxy [kKNm/m ]

6 Mindlin

0 100 200 300 400 500 600

# elements on the edge

When inserting a lot of elements, Mindlin will get mxy very small. In this example a mesh of minimum
0,03m is needed. This is an unreasonable small mesh to calculate with.



Looking at vx, following graph will be get:

300

250

vx [kN/m]

100 |+

200 —

150 —

50

0

0 m

¢

100 200

300 400

# elements on the edge

500 600

== Kirchhoff
Mindlin

The small value for vx at Kirchhoff's calculation is clearly noticeable, even with a small number of
elements. But with Mindlin vx will reach high values.

In this case, calculating with Kirchhoff is a better option, because Mindlin does not get good results,
only when inserting an unreasonable small mesh on the plate borders.

Thick plate

When looking at the same results, but for the thick plate (2250mm)

Results — Kirchhoff — thick plate:

Element size Uz max |mxy| max. |vX|
edge [mm] edge edge

[m] [KNm/m] [KN/m]
0,5 -0,004 15,26 0,48
0,2 -0,004 14,99 4,24

0,1 -0,004 15,00 10,11
0,05 -0,004 14,98 3,00
0,03 -0,004 14,99 1,78
0,015 -0,004 14,99 1,76
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Results — Mindlin — thick plate:

Element size Uz max. [mxy| max |vX|
edge [mm] edge edge
[m] [KNm/m] [KN/m]
0,5 -0,007 1,65 16,20
0,2 -0,007 1,89 18,94
0,1 -0,007 1,04 18,11
0,05 -0,007 0,56 16,49
0,03 -0,007 0,27 16,50
0,01 -0,007 0,1 16,46

The same comparison can be made:

18
16
S o——— * *
14
'E' 12
S~
g€ 10
Z
- 8 ®— Krichhoff
=
€ 6 Mindlin
4
2 -
0
0 100 200 300 400 500 600
# elements on the edge

When calculation with Mindlin mxy reaches low values, even with a small number of elements at the
borders (a mesh of 0,5m).



Looking at vx, following graph will be get:
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It is clearly visible that vx remains very small for Kirchhoff, also for Mindlin vx gives good results.

So for thick plates, calculating with Mindlin will give the best results, because shear force deformation
will have more importance and mxy will go to zero, even for a small amount of elements.

Conclusion

Thin plates
e Calculating with Kirchhoff gives the best results for thin plates
« Using Mindlin a lot of elements will be necessary to obtain good results.

» Using Kirchhoff, the size of the elements do not have to be smaller than the plate thickness.

Thick plates
e Calculating an isotropic, homogeneous plate, Mindlin will be necessary

« Onthe edge a denser mesh will be necessary (more than 5 elements over the half of the plate
thickness)

« Mindlin will also give good results for thin orthotropic plates with a small shear stiffness
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Introduction

By means of the menu Structure > 2D element components> Plate rib  a plate can be stiffened with
members.

Arrib is calculated as a beam with eccentricity with regard to the axis of the plate. The member elements are
connected to the plate at the height of the mesh nodes.

In a 2D plate project, a rib can only be inputted in the middle of the plate. In a 3D General project, the rib can
also be placed below or above the plate. After all, a rib that lies below or above the plate causes membrane
forces in the plate. Membrane forces are not present in 2D plates, only in 3D shells.

In SCIA Engineer a rib below a plate is always shear resistant connected to the plate. The total rigidity is
according to the rule of Steiner:

Rigidity beam + Rigidity plate + Surface beam x (axis-distance-beam-plate)2.

So it is important to realize that also in reality the beam and the plate have to be connected shear resistant to
each other. If it is about a prefab construction at which the plate is on the beam, then the beam has to be
placed in the middle of the plate in the calculation model.

The cooperative width of the rib is calculated implicitly by the behaviour of the finite elements under
membrane forces during the Finite Elements Calculation. In the following view of the membrane forces nx in
the longitudinal direction of the beam, the effective width is clearly noticeable.

The section of the rib can be shown graphically, in that way you can see if the effective widths overlap each
other or not.



This can be done by means of view parameters, namely ‘Set view parameters for all > Structure > Draw
cross-section’.

2

Replacement T-section

What is explained in the previous paragraph also counts for a member that is connected to a plate and is
aligned eccentrically by an Internal edge. The difference with a plate rib is that for a rib an Effective Width
can be inserted too.

The Effective Width was specifically implemented to follow the code concerning the calculation of the
theoretical reinforcement. Because when the option Rib is marked with the results, a replacement T-section
is used to calculate the results. The height of the T-section is determined by the height of the beam + the
height of the plate. The flange width of the T-section equals the entered Effective Width.

The internal forces for the replacement T-beam are calculated as follows:

T the heart of the entire replacement T-section
T1 the heart of the left part of the effective width
T2 the heart of the right part of the effective width
T3 the heart of the original rib
Left part Right part
+T1
+T2
+T
z +T3
= 0
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The coordinates of the hearts are used as lever arms in the Y and Z direction:

Leverarm Z1=T1lz - Tz Leverarm Y1 =T1ly - Ty
Lever arm Z2 = T2~ Tz Leverarm Y2 = T2 Ty
Leverarm Z3=T3z- Tz Leverarm Y3 =T3y - Ty
Lever armZ = Tz-0z Lever arm Y = Ty- Oy

- N =N beam + N plate, left + N plate, right

- Vy =Vybeam + Vy plate, left + Vy plate, right
- Vz=Vzbeam + Vz plate, left + Vz plate, right

- Mx =Mx beam + Mx plate, left + Mx plate, right

- My =My beam + My plate, left + My plate, right + N plate, left * (Lever arm Z1) + N plate, right
* (Lever arm Z2) + N beam * (Lever arm Z3)

- Mz =Mz beam + Mz plate, left + Mz plate, right + N plate, left * (Lever arm Y1) + N plate, right
* (Lever arm Y2) + N beam * (Lever arm Y3)

If the option Rib is activated when claiming the plate forces, the internal forces in the cooperating width of
the rib are equated with zero. This counts for the internal forces in the longitudinal direction of the rib. The
forces perpendicular to the rib remain unchanged.

These internal forces can be equated with zero for the reinforcement calculation because they are taken into
the reinforcement calculation of the rib. And so the whole plate-beam is replaced by a T-beam.

However, note that when using several ribs below a plate element, the cooperating widths of this cannot

overlap each other. If this does happen, the values of the internal forces are charged double on the spot of
the overlapping parts.

68



EXAMPLE: RIB.esa

In this example a beam is calculated with a length of 10m and concrete quality C25/30 according to EC. The
beam is supported at the extremities, loaded with a distributed load of 200kN/m and has following section:

Z
B 1,000

H 600

th 200 .

The beam is modeled in 3 different ways:
- As member element

- As plate with a thickness of 200mm with a rib of 200mm x 400mm below the plate

- Entirely with Finite Elements

The whole is calculated with an average element size of 0,1m. The results are claimed in nodes, averaging
on macro.

Beam Plate+ Rib | Difference Finite Difference

[9%] Elements [%]
Maximal bending in the middle [mm] 124,9 126,6 619 126,3 1,12 %
Maximal moment in the middle [KNm] 2500 2500,04 0®% 2525,23 1,01 %
Maximal shear force at the end [kN] 1000 1008,98 0,90 % 913,35 8,67 %

The results indicate that the calculation model with rib and the Finite Elements model approach the beam
well. With the Finite Elements model however, a higher deviation occurs concerning the shear force at the
end, but when refining the mesh more, this difference becomes minimal.

Calculation My for calculation model Plate + Rib:

Tz =414 mm
T1z =T2z =400 + 100 = 500 mm

T3z =200 mm
= Leverarm Z1 =500 mm —-414 mm = 86 mm

= Leverarm Z3 =414 mm — 200 mm = 214 mm

My beam = 388,89 kNm
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N beam = 6216,26 kN
mx plate = 246,48 kNm/m x 1m

nx plate = 6311,30 kN/m x 1m

= AM (beam to T-section) = 6216,26 kN x 0,214 m = 1330,28 kNm

= AM (Plate to T-section) = 6311,30 kN x 0,086 m = 542,77 kNm

=My = 388,89 kNm + 246,48 kNm + 1330,28 KNm + 542,77 KNm = 2508,42 kNm = 2500 kNm

Calculation My for calculation model Finite Element S

mx flange = 245,25 KNm/m x 1m
nx flange = -6082,35 kN/m x 1m

= AM (flange to T-section) = 6082,35 kN x 0,086 m = 523,08 kNm

The membrane force nx has following course in a section in the middle of the web plate:

-6130,12 kN/m

500 mm

415,56 mm

0 mm
30170,51 kN/m



From this resulting forces can be calculated:

128,15 mm

258,5 KN

> 6268,90 kN
138,52 mm

= AM (compression zone to T-section) = 258,5 kKN x (500mm — 414mm — 28,15mm) = 14,97 kNm

= AM (tension zone to T-section) = 6268,90 kN x ( 414mm — 138,52mm) = 1726,96 kNm

=My = 245,25 KNm + 523,08 kKNm + 14,97 kNm + 1726,96 kNm = 2510,26kNm = 2500 kNm
In an almost analogue way, the resulting shear force Vz can be calculated at the end.

=Vz =549,92 kN + 363,428 kN = 913,35 kN

However, ribs that are modeled this way have a few restrictions. These are explained in the next paragraphs.

Boundary conditions

As already said at the introduction of this chapter, membrane forces in the plane of the plate (compression
forces in the field) arise as a result of the rib below the plate. The plate is here shorter in the longitudinal
direction.

The supports entered on a plate + rib are located at the axis height of the plate. This is not the axis of the T-
section formed by the plate and the beam.

Concretely this means that if supports are input in the longitudinal direction of the plate, these supports will
prevent the reduction of the plate. This lead to large reaction forces and a smaller bending since the rib will
be more rigid.
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EXAMPLE: BOUNDARY CONDITIONS.esa

In this example the same beam from the example Rib.esa is considered. However, the plate with rib is now
tied up to both ends in the X, Y and Z direction.

Bean |Plate + Ril %
Difference
Maximal bending in the middle [mm] 124,9 107,4 %
Maximal moment in the middle [KNm] 2500 21839 2%
Maximal shear force at the end [} 100( 1023,7¢ 2,38 %

The effect on the bending mentioned above is clearly noticeable. The reduction of the field moment can be
ascribed to the moment that occurs at the ends. This moment is caused by the eccentricity of the central axis
of the T-section in relation to the support.

The moment can be easily calculated:

The normal force in the T-section amounts to 3762,85 kN

The levers arm Z1 = 86 mm

=My = 3762,85 kN x 0,086 mm = 323,61 kNm = 323,02 kNm




Torsion

The calculation of a rib as a beam with eccentricity regarding the plate provides less accurate results for
torsion. However, the torsional stiffness of the rectangular beam and the torsional stiffness of the plate
added up do not give the torsional stiffness of the T-beam.

EXAMPLE: TORSION.esa

In this example the same beam from the example Rib.esa is considered. The beam is clamped at the
beginning and is free at the end. The beam is loaded with a distributed torsional moment of 50 kN/m.

In order to obtain an accurate reference result, the torsional moment of inertia of the T-section is calculated
exactly by way of a Finite Elements calculation with element size 5mm.

| Cross-sections characteristics @
~Draw
@ Prandt-F [ki/m] -7.82e-012
 dFjey [MPa] &
 dF/dz [MPa] 3.07e-004
(™ Warping -6, 15e-004
™ tauxy [MPa]
 tauxz [MPa] q — -9.22e-004
] -123:-003
Tors | kb
3657831009 y - B
2 -1.84e-003
e . i
With Tau xe TRETTIRS 2 18e
Without Tauxz:  10.7827 2R3
Mo calculation: 1 - -277e-003
: _ -307e-003
~AZEA .
wwith Tau sy 04951 @ a -3.38e-003
Wyithout Tausxy: 104351 . -3.69e-003
Mo calculation ﬁ— = -4.00e-003
Bean |Plate + Ril % Finite Element %
Difference Difference|
Maximal rotation Fix at the end 55,60 61,20 10,07 % 57,20 2,88 %
[mrad]

The results show that the deviation is quite significant. If torsion is important, it is advisable to switch to a
Finite Elements model.

Shear force deformation

The shear force deformation in a beam is charged automatically in SCIA Engineer. The shear area Az is
qualifying for the shear force deformation. This quantity is calculated accurately for the T-section.

With a rib, Az is calculated for the rectangular cross-section. When using the Mindlin element, the shear
force deformation of the plate is also taken along. The two separate calculations do not have the same result
as a T-section.

Shear force deformation only has an influence with high beams with short spans and also here the influence
remains restricted. This deviation is in most cases of less importance.
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Line support

A plate with ribs is supported by those ribs at the height of the internal edge that connects both parts.
However the plate is actually supported over the width of the beam.

This distinction gives a difference in the moments in the plate in the direction perpendicular to the rib. This
should be taken into account with ribs with a large width or with ribs that consist of a reversed U cross-
section (as with a tubular bridge).

EXAMPLE: TUBULAR BRIDGE.esa

In this example the tubular bridge is modeled. The different elements have a thickness of 22mm and are
made from concrete C25/30 according to EC. The bridge deck has a length of 20m, a width of 5 m and is
supported by 3 ribs with a height of 1 m and a width of 1m. The bridge is single supported at both sides. On
the bridge deck a uniform distributed load of 50kN/m2 happens.

The whole is calculated with an average element size of 0,25m. The results are claimed in nodes, avg. on
macro in two sections in the middle of the bridge.

my [kNm/m]
Ly 3204

90

2000

i

.00

400

000

-4.00

-g.00

1200

=600

-23.56

Finite Element | Plate + Rib %

Difference
Maximal bending Uz in the longitudinal directi 36,1 40,7 12,74 %
[mm]
Maximal longitudinal moment mx in the ple 18,9¢ 21,3¢ 12,72 %
[KNm/m]
Maximal shear moment my in the plate [kKNm/m] 13,57 24,88 83,35 %

In the Finite Elements model the supports are attached to the bridge deck at the correct position. With the
model with ribs, the connection line is situated between rib and plate in the middle of the U-section, which
does not correspond to the reality.

The results clearly show that the bridge deck is better support by the Finite Elements model, with lower shear
moments as a result. In the model with ribs, the headway of the supports is much bigger with bigger shear
moment as a result.



Orthotropy

Theory

In a 3D model, the following components of deformations appear in each point (respectively the
deformations according to the x-, y- and z-axes):

ux, y, 2)

v(x, Y, 2)

w(x, Y, 2)

From these deformations the following strains can be calculated:

T
€= [SXI 8yl 821 8Xy1 8XZ) Syz]

€, = du/dx
g, = dv/dy
g, = dw/dz

&y = 1/2 y,y = 1/2 (dv/dx + du/dy)
&z = 1/2 vy, = 1/2 (du/dz + dw/dx)

&, = 112y, = 1/2 (dw/dy + dv/dz)

The stresses in each point are:

T
0 = [0y, Oy, Oz, Oxy, Oz, Oy,

The stresses and strains are connected to each other, in the simplest case this connection is linear (Hooke’s
law):

o=De¢

D is a 6x6 matrix. The connection between stresses and strains is not based on assumptions, but describes
the real physical behaviour of the material. For that reason, this matrix is called the “constitutive” matrix.

With the reduction to a 2D plate, the stresses are replaced by internal forces s. These internal forces s are
known as the results of SCIA Engineer:

T T
S=[Sm ,Sb ]

Sm = [Nw Ny, Gyy]" for membrane forces
Sb = [My, My, My, 0y, qy]" for bending
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The components of the deformations that are used with a 2D plate are the deformation of the axis of the
plate, the rotation on the x-axis and the rotation on the y-axis:

w(x, y) = w(x, y, 0)
(%, y)
@(x. )
With the Kirchhoff element the normal remains on the plate axis perpendicular to the plate axis. So there is a
double connection between w and @
@, = -dw/dx

@ = dw/dy

With the Mindlin element the shear force deformations vy, and y,, also occur:
@ = -dw/dx + vy,

@ = dw/dy + v,

(=

I*w

Yy
r
P

From these 3 components of the deformation the strain can be calculated in each point of the plate (with the
usual assumption that an even cross-section remains plane). From this strain the stress can be calculated in
each point of the plate by means of the constitutive matrix. Through integration of these stresses over the
thickness of the plate, the internal forces that belong to the deformation can be calculated (for the full
calculation is referred to ref. [2]).

This gives the following connection for the membrane forces and deformations in the plane:

Ny d, d, dg Ex
n, |=|d, dp dyy |Oe,
Oy di; dp dg Yy

For bending components and deformations from the plane:



'm | [D, D, D, 0 0] | %
m, D, Dy, Dy 00 ~ 9
nl(y = D13 D23 D33 0 0|0 (¢y - ¢x)
a, 0 0 D,, Dy Ve
a, 0 0 Dss Dss | Vye

‘means the derivative to X, *, means the derivative to y. ¢'y en -¢° are curves.

In most textbooks the shear force deformation is neglected. Then:
'y = -d*w/dx’ = curve Ky
-0" = -d°w/dy” = curve Ky

0"y - &' = -d°w/dxdy -d*w/dxdy = -2 d’w/dxdy = curve 2 K,

The matrix for the bending effects is subsequentiten as:

m, Dy Dy, Dy, K
m, |=| D, Dy DUk,
m,, Di; Dy Dy 2K by

By dividing the membrane force components and the bending components, it is implicitly assumed that these

components do not mutually influence each other.

These stiffness matrixes do not only describe the physical behaviour of the material, but also the stiffness of
a plate element. This is specified by the material, possibly different materials over the thickness (reinforced

concrete, laminated plates) and by the geometry (ribs, ...).

In SCIA Engineer the following components are entered in this matrix:

diq, dgp, dszand dy,
D11, D22, D33, Daa, Dss, D1y

D44 and Dss are added because Mindlin elements with shear force deformations are used. In many cases

there are no simple formulas to calculate these stiffnesses.

The orthotropic parameters can be calculated by means of following formulas:
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for plate elements :
_ E, h®
Dll T aAar1 .. W
(12(1'V12 m’21))
_ E,¥W
2 (12(1v,,))
Dy, =Dy =v,D =V, [D ,

O

G, 1’
D — 12
33 12
D44 = Glsm
DSS = C-:‘ZSD1

G13 and G,; are used for the calculation of the stiffnesses D44, and Dss. These are the stiffnesses for shear
force deformation. In some cases they cannot be calculated exactly. In that case it is advised to enter Dy,
and Dss much larger (1000 times larger) than the other stiffnesses.

In this way you will neglect the shear force deformation. The influence of the shear force deformation is
restricted with normal plate thicknesses/stresses.

The best method to have a better approach for G13 and G23 is to calculate with following formulas:

G =
201+ v,,)
Gpy= s
200+ 7,0)

for “wall” elements:

__ED
" (1- Vip m’zl)

_ Ez [h
* a- Vio m’u)
d33 =Gy, [h

d12 = d21: I/21|]jll: v 12|]j 28

Shell elements have both characteristics of a plate element as from a “wall” element. That way all physical
constants, as described above, need to be applied.

A real example is the use of floor plates that wear out in only one direction. With this, you can use orthotropic
parameters. In the two directions several stiffnesses need to be applied, to which you can attribute a quasi
neglected stiffness to the shear direction.

Another method to model this real example can be done as follows: you reduce the measurements of the
plate a bit so they just fail to hit the non-supporting beams. What's more, you attribute a Poisson coefficient
of 0 to the plate material.

A plate that is respectively torn and not torn in the X and the Y direction can also be modeled as a plate with
orthotropic parameters. This way a different E-module can be applied in both directions.



Orthotropic parameters: isotropic plate

The stiffness of an isotropic plate is entirely defined by the following parameters:

E (modulus of elasticity), v (Poisson coefficient) and h (thickness)

For the membrane effects in an isotropic plate applies:

o, =E(g, +ve,)/(1-v?)
o, =E(e, +ve,)/1-Vv?)

Txy = nyy

By integration over the thickness is n, n, en g, in function as &, €, and vy, obtained and so d;;, dz,, d33 and
d12:

d11=d22=Eh/(1—v2), d;; =Gh,

d;, =vdy,; , dj; =d,; =0.

For bending:
Dy, =Dy, =ER® /12-12v2), D4, =Gh® /12,
Dy, =Dg = Gh/B, Dy, =V Dy,
Di3=Dy3=Dy =0

For a constant course of the shear stress 1y, , T,, over the height his  =1. From the analogy with a
rectangular cross-section follows the assumption that from a parabolic stress course and a coefficient § =
1,2.

EXAMPLE: ISOTROPIC.esa

In this example the stiffness parameters are calculated for an isotropic plate. The results of an orthotropic
plate with these properties are compared to the results of an isotropic plate.

Project data
a
J
Length: a =10m
Thickness: h = 400mm
Distributed load: q = -10 kN/m?
Concrete: C25/30 according to EC
a

E = 30500 N/mm?
v=0,2

Reference

S.P. Timoshenko and S. Wotnowsky-Krieger, Theory of Plates and Shells, o edition, Mc Graw Hill, New
York, 1987.
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Calculation Stiffness parameters

o —p. - E*h° _ 30500400
TR -v?) 1241-02?)

D,,=D,, =v* D, =02 *16944MNm= 3389MNm

=16944444444ANmm=16944MNm

_ E*h® _ 30500 400

Dy, = 24(1+V )— 24(1+ 02 ) =6777777777T8NmMmM= 67,/8MNm

___E _ 30500 _ N
G= Aiev )" v 02 )—12708,33%an

_G*h _1270833* 400
12 12

_ - N/ - MN
D,, = D, =4236111111N/ = 423611MN/

The plate is single supported on four sides and calculated with an average element size of 1m without
averaging strips on the edges.

Uz [mm]
0.000
0200

0400
-0.600
-0.800
-1.000
-1.200
-1.400
-1.800
-1.600
-2.000
2200

2447

The results are claimed in nodes, avg. for a section in the middle of the plate.

I sotropic Orthotropic % Difference

Deformation Uz
[mm] -2,447 -2,447 0,00 %
Moment mx
[KNm/m] 46,13 46,13 0,00 %




Orthotropic parameters: Practical cases

In the literature there are numerous examples available for the calculation of these coefficients in practical
cases. In this paragraph a few specific cases are explained. For more information see ref. [1].

EXAMPLE: FLOORWITHRIBSa.esa and FLOORWITHRIBSb.esa

In this example a floor with ribs is modelled. The plate has a thickness of 200mm and dimensions of 10m by
6m. In the longitudinal direction the plate is stiffened with ribs of 400mm height and 200mm width.

The headway of the ribs is 2m. The whole is made of concrete C25/30 according to EC. The floor is loaded
with a consistent distributed load of 5 KN/m2.

Project Data

> t
x
L
h =200mm t =200mm
al=2000mm H = 600mm
Calculation stiffness parameters
E*dl*h _G*Az
M = ya 3 N D44 el
12al-t+a’*t) al
G*h
b —E*! Dys =~
y al :L
D, =0
_~ . C
DXY - DXY + 2% g1
% I3
D;<y _ E*h
12(1+v)
With:

D;(y = torsional stiffness of the plate without rib
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Az = shear area. T-section with width al
C = torsional stiffness one rib = G * It
a=h/H

To calculate I, Az and It exactly, a Finite Elements calculation is performed of such a T-section with element
size of 5mm.

Doorsnedeneigenschappen
Teken
" Prandtl -F [kN/m] -3.26e-023
" dF/dy [MPa] [ ]
C dFidz [MPa] -1.71e-004
™ welving -3.42e-004
O tau sy [MPa]
" tauxz [MPa] -5.13e-004
-6.84e-004
Tars
AR 0G7e+ 008 mm’4 LC— —:)_] B.55e-004
—= ‘.' -1.03e-003
by /s |
Met Tau xz: 0790 & -1.20e-003
Zonder Tausz |0.,790 -1.37e-003
Geen 1 ' -1.54e-003
-1.71e-003
Azl [ ]
Met Tau xy: 0354 @+ = -1.88e-003
Zonder Tauwy: 0354 - -2.05e-003
Geen ,-\_ (" -2.22e-003
I~ ToonMET
From this follows: | = 8400000000 mm* Material: C25/30
Az = 169930 mm? => E = 30500 N/mm?2
It = 6191067000 mm* v=0,2
C=G*It=7,8678 "> Nmm? G = 12708,33N/mm?

The formulae can be filled in now. According to the figure, the Y-axis lies in the longitudinal direction of the
ribs. The ribs are entered in SCIA Engineer according to the X-axis. Specifically this means that the formula
for Dy matches in this case with Dy;.

D,=D, = 30500° 8400000000, 12810000000NmmM =1281MNm

Y 2000

= 20500 2000 20@3 \ = 2250000000NmmM = 225MNm
12(2000- 200+ (200/600) * 200)

D,, = D1=0MNmM in SCIA ENGINEER a very small value is entered.



_ 30500 200 + 78678

D,,=D, = =36613980286Nmm= 366IMNm
¥7¥ 0 121+02)  2*2000 2 o
_ 1270833*169930_ N/ - MN
D,, = o0 =107976B4N/  =107976MN/
_ 1270833* 200

_ NV MN
De. =21180556N/ =211806MN/

12

The floor with ribs is entered is SCIA Engineer in two ways: as orthotropic plate (Floorwithribsa) and as a
plate with ribs (Floorwithribsb). The whole is calculated with the average element size of 0,25m without
averaging strips.

Maximal bending Uz in a section in the middle of the plate:
- Plate with ribs: -5,110 mm
- Orthotropic plate: -5,111 mm

Moment mx in a section in the middle of an orthotropic plate, claimed in nodes, averaging :
mx = 62,55 kNm/m, over a cooperative width of 2m gives this: 125,1 kNm

Moment My in the middle rib of the plate with ribs:

My = 122,94 kNm

The results show that the orthotropic parameters describe the behaviour of this stiffened plate well.
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EXAMPLE: GRID.esa

In this example a grid is modeled. The frame consists of steel IPE 200 profiles and has dimensions of 14m
by 14m. The headway between the beam amounts to 1m in both directions. The whole is made of S235
according to EC and is loaded with a surface load of 1kN/mz2.

Project Data

il
o

k 2

a = 14000mm
al =1000mm
b = 14000mm
bl =1000mm

b1

al

Calculation stiffness parameters

5 Bl
X bl

D :Ez*lz

y al

D, =0

D :£(£+&j
Y o4(pl al

with:

E, = E, = 210000 N/mm2
l, = I, = 19430000 mm*
C1:C2:G*|t:Nmm2

G =80769,23 N/mm?

It =69800 mm

From this follows:

= ST LA 4080300006imm = 40803MNIm

D,=D



_ 210000 19430000

D,, =D, oo = 4080300000imm = 4,080MNm
b,=0, -1 (80769,23 69800, 80769,23 69800) — 281884 5Nmm= 0,0028 18N
4 1000 1000

D,, = D1=0MNmM in SCIA Engineer a very small value is entered for this.

For D44 and D55 no formulae are shown, so large values of this can be entered to neglect the effect of the
shear force deformation.

The grid is entered in SCIA Engineer in two ways: as orthotropic plate and as real grid. The whole is
calculated with the average element size of 1m without averaging strips.

Maximal deflection Uz in a section in the middle of the orthotropic plate: -76,913mm.
Deflection uz in the middle of beam B8: -77,016mm.

Moment mx in a section in the middle of the orthotropic plate, claimed in nodes, averaging: 15,40 kN/m. For
a cooperative width of 1m, this gives 15,40 kNm.

Moment My in the middle of beam B8: 15,04 kNm.

Also here the results show that the behaviour of grid is very good approachable through a 2D element with
orthotropic properties.
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Orthotropic parameters: predefined cases in SCIAEn  gineer

In SCIA Engineer there are different standard cases of orthotropy implemented.

[ B Orthotropy ﬁ
AleB o & SH A - ¥
0Tl Name 0Tl

Type of orthotropy

Thickness of Plate/Wall [mm]
Material Two_heights

One direction slab
D11 [MNm] S with rbs
D22 [MNm] Grid wark
D12 [MNm]
D33 [MNm]

Standard
This is the standard case of orthotropy where you have access to all availabe orthotropy parameters.

The user must input all parameters himself: D11, D22, D12, D33, D44, D55, d11, d22, d12 and d33.

Mame 0T

Type of orthotropy Standard
Thickness of Plate/Wall [mm] 200
Material C12:15
D11 [MNm] 1.8815%+01
D22 [MNm] 1.8815%e+01
D12 [MNm] 3.7635e-00
D33 [MNm] 7.5378e<00
D44 [MM./m] 1.881%+03
D55 [MM./m] 1.881%+03
d11 [MM./m] 5.6458=+03
d22 [MM./m] 5.6458=+03
d12 [MM./m] 1.1292e+03
d33 [MM./m] 2.2583e+03




Two heights

Simulation of a slab with a different thickness in local x and local y direction.

in-situ poured Ia\[jgr

=
VAN

Ay

A A

prefabricated desk

d2 (y)

dl (x)

AN WANSAS .

The user must input the effective heights and reduction coefficients :

B

Mame

Material

Hexure

Effective height {d1) [mm]
Effective height {d2) [mm]
Torsion reduction coeff
Shear reduction coeff
D11 [MMm]

D22 [MMm]

D12 [MMm]

D33 [MMm]

Dd4 [MM/m]

D55 [MM/m]
Membrane

Effective height h1) [mm]
Effective height (h2) [mm]
Shear reduction coeff
Material

d11 [MMN/m]

d22 [MMN/m]

d12 [MMN/m]

d33 [MMN/m]

0T

Two_heights

C1215

200
200

1

(]

1.8819e+0

1 7615

o | o in

.

.

P

=
i
31
]

s
1]
|

L0 | G0 | 00 |

[==RN == Ry
| |
] ]
(=] 5| 3 (=]
b oa| — | —

100
100

C

[

|| eal pa

— | | pa

12415

P
Pt
s
31
]

[ R )

m i |0
|
P

Pod | e | P
(=R R )
Pl

| |

All orthotropic parameters are calculated:

E.d3

bu=ma=m

E.d3
D22

~12.(1—?)

d11

d22

E.h,

(1-v?)
E.h,

(1-v?)




Advanced Concept Training - FEM

D12 = V'VDll'DZZ
(1- V)-\/ Dy1.D;;
2

D33 = yp1-
G.d4
Dyy = B
G.d,
D55 = B
With:

*  Yr1 = torsion reduction coeff.

+ [ = shear reduction coeff.

dip =Vv.\/dy1.dy
1- V)-\/ dy1.da
2

ds3 = Yfa2-

With:

*  Yf2 = shear reduction coeff.

One direction slab

Simulation of a slab which carries it's load mainly in one direction:

h

i&—sim ﬂ|1in poured layer

I

*

»

"hollow core plate"

|
/IO:OiOIO:\/:OIOiQ:O:\
4

The rigidity in the main direction is calculated based upon the properties of a user defined cross-section. The
user should define the cross-section (css) of these unidirectional prefab elements and then use this css to

define the orthotropy.

Besides the css, the user must input the height of the topping h and the distance between the elements L :




Mame 0T
One direction slab
E Aexure

S5 51 - Rectangle (R00; 300)
L [mm] 1000
Material C12/15

h [mm] 200

D11 [MMm] 8.4688=+01
D22 [MMm] 1.8067=+01
D12 [MMm] 0.0000e-+00
D33 [MMm] 7.7038e+00
D44 [MM./m] 1.4115e+03
D55 [MM./m] 1.88159=+03

B Membrane

Effective height (h1) [mm] 100
Effective height (h2) [mm] 100
Material 1215
d11 [MMN/m] 2 822%+03
d22 [MMN/m] 2 822%+03
d12 [MMN/m] 5.64h8e+02
d33 [MN/m] 1.1252e+03

All orthotropic parameters are calculated:

E,. L
D11 - L
E,.h3
D22 - 12
Dy, =0
( I )+( 3 )
D33 = 8
G1. Az,
44 — L
G, h
D =
%712

EZ'hl
dyy = 2L
11 (1 _vz)
Ez.hz
dyy = 22
22 (1 _vz)

dip =Vv.\/dy1.dy
2

dzz =
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Slab with ribs — rib inputted by the user

Simulation of a slab with ribs in one direction:

L j Y
1w I | i
al X

B e 1

The user must input the rib dimensions, rib spacing and slab height:

Mame: oM
Type of orthotropy Slab with ribs
Bl Aexure
B Rib
Rib Imput
Material 1 C12:15
Rib thickness t [mm] 300
Fib depth,H-h [mm] 500
Spacing.al [m] 0.500
B Slab
Material C1215
Slab height, h [mm] 150
D11 [MMm] 4 6324e+02
D22 [MMNm] 1.8710=+
D12 [MMm] 0. 0000e-+00
D33 [MMm] 5.957%+N
D44 [MM/m] 3.8781e+03
D55 [MM/m] 1.4115e+03
B Membrane
Effective height (H) [mm] 100
Effective height (h) [mm] 150
Material C1215
d11 [MM./m] 2. 822%e+03
d22 [MMN./m] 4 7344e+03
d12 [MM./m] 0. 0000e-+00
d33 [MMN./m] 1.3829+03

All orthotropic parameters are calculated:




D E dll = El'dl
11 — al
d22 - Ez.dz
D E.al.h3
22 — h 3 d12 =+ d11-d22
12.lal —t + (ﬁ) 't
d — vV dll-dZZ
D12 — 0 33 2
Dor = E.h3 N G.It
37 12.(1—-v)  2.al
D .h
S W)
D G.Az
55 — al
Slab with ribs — rib selected from the cross-sectio n library

Simulation of a slab with ribs in one direction:

3

a1 ]

- p t

The user must select the rib from the library and input the rib spacing and slab height:
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Mame oTi
Slab with rbs
B Aexure
B Rib
Rib
Cross Section
Spacing,al [m]
B Slab
Material
Slab height, h [mm]
011 [MMm]
D22 [MNm]
012 [MNm]
033 [MNm]
D44 [MN./m]
D55 [MM./m]
Membrane
Effective height (H) mm]
Effective height (h) [mm]
Material
d17 [MM.m]
d22 [MM.m]
d12 [MM.m]
d33 [MM.m]

CS5 Lib
C51 - Rectangle (200; 300)
0.500

All orthotropic parameters are calculated:

El'll EZ'dl
1= dyy = D)
G,. h3
B (Glltl) + ( 23 ) d _ (1 - V)-w/dn-dzz
D33 = 3 33 >
Gy h
D
W)
Gl.Azl
Dee =
55 L.
With:

index 1 — Cross-section properties

index 2 - Slab properties

o E modulus Ei

following properties are taken from Cross-section and Material:




o Moment of inertia 11
o Torsional moment of inertia It1

o Effective surface for shear Azl

* -G modulus Gi

Grid work — ribs inputted by the user

Simulation of a slab with ribs in local x and local y direction:

a

bl

al

The user must input the rib dimensions, rib spacing and slab height:
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MName 0T1
Grid work
B Hexure
Beam Input
B beam.1
Material1 C12/15
Width of beam, t1 [mm] 300
Depth of beam, h1 [mm] 450
spacing, al [m] 0.500
B beam.2
Material2 C12115
Width of beam, t2 [mm] 300
Depth of beam, h2 [mm] 450
Spacing, b1 [m] 0.500
011 [MMm] 1.2347e+02
D22 [MMm] 1.2347e+02
D12 [MMm] 0. 0000e+00
D033 [MMm] 2 6840e+01
D44 [MM/m] 2 5d06e+03
D55 [MM./m] 2 5d06e+03
B Membrane
Effective height (h1) [mm] 100
Effective height (h2) [mm] 100
Material C1215
d11 [MN/m] 2. 7100e+03
d22 [MN/m] 2. 7100e+03
d12 [MN/m] 0.0000e+00
d33 [MN/m] 1.3550e+03

All orthotropic parameters are calculated:

B E.. L
= p1
E,. I,
D, =
22 al
Dy, =0
Gq. 1ty G,.It,
b ( b1 )+( al )
33 — 4
G.Az1
Dyy = b1
G.Az2
D55 =

al

d11 = El'hl
d22 = Ez.hz

d12 =+ d11- dzz




Grid work — ribs selected from the cross-section li brary

Simulation of a slab with ribs in local x and local y direction:

Y

¥
H

bl

al

The user must select the ribs from the library and input the rib spacings and slab height:

Mame 011
Grid work
B Hexure
Beam C55 Lib
B beam.1
Cross Section 51 - Rectangle (200; 300)
spacing, al [m] 0.500
B beam,2
Cross Section 51 - Rectangle (200; 300)
Spacing, b1 [m] 0.500
D11 [MMm] 16938202
D22 [MMm] 16938202
012 [MMm] 0.0000e-+00
033 [MMm] 3.1519e+0
D44 [MM./m] 2822903
D55 [MM./m] 2 827%+03
B Membrane
Effective height (h1) [mm] 100
Effective height (hZ) [mm] 100
Material C1215
d11 [MM./m] 2.7100e+03
dZ2 [MM./m] 2.7100e+03
d12 [MM./m] 0.0000e-+00
d 33 [MM./m] 1.3550e+03

All orthotropic parameters are calculated:
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D _ El'll d11 = El'hl
11 — b1l
E I dzz = Ez.hz
2-12
DZZ -

al dip; = /dq1.dy;
Dy =0 Jdi1.dy;

ds3 =
G,.It, G,.It, 2

Do — ( b1 )+( al )

33 — 4
D G.Az1

44 — bl
D G.Az2

55 — a1
With:

« following properties are taken from Cross-section and Material:
0o E modulus Ei
0 Moment of inertia li
0 Torsion moment of inertia Iti
o Effective surface for shear Azi

0 G modulus Gi
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Property modifiers

Property modifiers are a new feature from the version SCIA Engineer 2010.
This feature is available in the concept edition of SCIA Engineer, but the functionality for property modifiers
should be activated.

Project data @

| Basic data| Functonality | Loads | Frotection|

Dynermics o
Initial stress o Fire resistance [u]
Subsoil o Connection modeller [u]
Monlinearity [m] Frame rigicl connections (]
Stability o Frame pinned connections (]
Climatic loads o Grid pinned connections o
Prestressing [u} |Bolted diagonal connections [u}
Pipelines o Exper system o
Structural model [u} Connection monodrawings [u}
Parameters o Scaffolding o
Mobile loads o LTE Znd Qrder (m)
Automated GA drawings o Arcelordital o
LTA-load cases o = Concrete

Cormposite o |Fire resistance o
External application checks o Hollow care slak o
KF1 application (m]

Slabs with void formers 0

[ oK ] [ Cancel

Property modifiers are used to change the stifnesses of both 1D or 2D elements.
They exist as additional data that can be put on 2D or 1D members.

EXAMPLE: Property modifiers

= b2 Mods| data
& Z Support
= Hirge on beam
S Hinge on 20 member edge
T Rigd arms
I Line rigid arms
K Cross-link
<= Saction on beam
2 Connect mermbers/nodes
== Continuous beam
§f Froperty modifiers 10

P Check structure data
# BE Modellng/Drawing
® [ Edit of solids

[ eill of material

Blof

‘roperties ax
2D member(1) ¥|\o
B ﬁ" -
pifness tactors Y -
Selfweight factor 1000

Mass factor 1.000

20 member

M stiffness factors 2D
AGreBU - & EH A

Neie
Description
Type Percentage of stifiness =
Avie stifness [%) 50
Bending stiffness [%] 50
on

[31F}
D22
A

The advantage of property modifiers is that they are easy to apply and it is easy to understand how it works.
A lot of practical applications can be considered.

For example the calculation of a concrete member that is considered to be cracked.
By using property modifiers here, the user can keep on performing a linear calculation.
(By this a more complex PNL or CDD calculation (-> see advanced concrete workshop) is avoided.)
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Pressure only

The topic ‘pressure only’ is not available in the Concept Edition of SCIA Engineer.
The license code is esas.44 and it is only part of the Professional or Expert Edition

When using pressure 2D elements, the functionality Nonlinearity and Pres only 2D members must be
activated.

Basic datﬁi Functionality | Loads -F’rutectlun-}

Steel
Concrete

Automated G drawings
LTA-load cases
Composite

External application checks
KP1 application

Slabs with void formers
Propetty modifiers

Dynamics [} E Nonlinearity
Initial stress o Initial deformations and curvature o
Subeoil o 2nd order - geometrical nanlinearity jm]

s} Physical non-linearity for reinforced cancr.. O
Stability m} Plate/shell nonlinearity [m]
Climatic loads O Beam local nonlinearity [m]
Prestressing m} Support nonlinearity/Soil spring [m]
Pipelines m} Friction supportySail spring (=]
Structural model o Membrane elements [m]
Parameters m] m =
Mobile loads [} Sequential analysis [m]

o

(]

o

(m]

(]

(m]

(]

[ QK I [ Cancel I

With this option, tension in 2D elements can be automatically eliminated. This is mostly used for
masonry elements. In below some examples to clarify this option.

EXAMPLE: Pressure only

Project: PressureOnly.esa

This project illustrates the use of pressure only elements.
In this project two 2D-elements are modelled. The first one is modelled as an isotropic element, the
second one is a pressure only element:



— 100,00
—100,00
= 100,00
—100,00

( ¥ ¥ ¥ ¥ ¥ A | Yy Vv Y ¥
™
T—P\‘.L’IIIIIIIIIIIIIIIII o et oS s N o g 301 S il e e g e
Properties s x
{20 member (1) ARV [20 member (1) ~| VBV
MName 1 - Mame |82
Type wall (B0) l.| Type wial| (B0} e
Analysis model Standard L] Analysis model | Standard ha
Shape Flat Shape |Flat
haterial C20/25 =|.. | Material C20/25 -
FERM model Isotropic LJ FER madel Fress only _v_]
Thickness type constant ;] | Thickness [mm] 2o
Thickness [mm] 200 | Member system-plans... centre :J
Member system-plane... centre LJ

When calculating those elements, for every mesh element a certain orthotropy will be inserted. At the first
iteration step all the pressure only elements, will be calculated as an isotropic element. After the first
calculation on all the elements in tension another stiffness will be inserted, so a certain orthotropy will be
inserted. With this stiffness the tension capacity of this element will decrease. After adapting the orthotropic
parameters a new calculation will be performed. After this second iteration step again the elements in
tension will get another stiffness. This process will be repeated until an equilibrium is reached.

The difference between the isotropic and orthotropic elements can be clearly view looking at the normal
force ny for these members:

ny [kN/m]
047

0.00

—-50.00

-30.00
-60.00

— 52,00
—50,00

-80.00
-120.00
-150.00

= —50.00
iz
ot ———

-180.00

-210.00
-240.00

264,54

In these results the real pressure of this element is visible for the right element. Looking at the trajectories of
this normal force, the trajectory of the pressure force will be even more visible:
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[ n1 [kN/m]
7356

6000

=50,00
—50.00

4000

2000

000

e

]
U Lot

-2000

RN

-40.00

-49 66

Also for the beam, which was inserted just above the opening, there is a difference for the moment My:

—50.00
-50.00
-50.00
-50.00

RELRLE BB LR B c R i BB e i PR

The moment line of the beam in the pressure-only-element, is close to the moment line of a beam
with a distributed load and has a more realistic form than the moment line of the left beam (for an
isotropic element).

EXAMPLE: Pressureonly using Ribs

Project: PressureOnly3.esa
When looking at the pressure diagonals in an reinforced 2D concrete element, ribs can be imported as
armature.

In this example a plate with a bearing support is inserted with two ribs acting as the reinforcement of
the plate:



1

. h*d
N

100,00

Looking at the results of this 2D element, the pressure diagonals inside this element are clearly visible:
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