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1 Introduction

RamSeries can perform the structural analysis of either beams, shells, solids, cables and
membranes, or of combinations of them, using the finite element method. It assumes linear
elasticity in the material and small displacements in the overall structure. The beam, shell
and solid hypotheses assumed in the analysis are described in the appendixes 2, 3 and 4. It
can also dimension the analyzed concrete beams and shells with the necessary steel based
on the EHE Spanish regulation.

Furthermore, material non-linearities (plasticity), and geometrical non-linearities (big
displacements) can be analyzed. Non-linear elastic boundary conditions can also be used.

All the analysis modules are embedded inside GiD, the pre and post-processor. Knowledge of
GiD is assumed in order to create the geometry, generate the mesh and visualize the results
in the post-processing stage. Please, refer to the GiD manual for more details about the use
of this program.

It is strongly recommended to fully read the Reference Manual, and study the tutorials before
starting to use RamSeries.

Manual organization
This manual is organized as follows:

* A first chapter including a set of tutorials which try to cover most of the basic program
capabilities.

* A second chapter which includes the Reference Manual

* The last chapter consists of different appendixes refer to theory issues concerning
RamSeries capabilities and functionallity.
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2 Reference Manual

The following sections will explain the capabilities of the pre-processing part, the results that

can be displayed in the post-processing part as well as more detailed information about
several issues.

Item help

It is possible to obtain help for several items in the toolkit and windows by pressing right
mouse button over them.

Units

The default units system for RamSeries is the International System (IS). They are:

* Time in seconds (s)

* Lengths in meters (m)

Masses in Kilograms (kg)

Forces in Newton (N)

A derived unit is Pascal (Pa), where Pa=N/m2

These units can be changed in several parts of the program. Every window that asks for data
for constraints, load or properties has a field to choose the units for that window. The chosen
units are only applicable in the data attached to it in the same window.

The units in which are expressed the coordinates of the geometrical model are chosen in the
Problem data window:

Data » Problem data » Units p Mesh units

The units in which are expressed the results of the analysis can be chosen in:

Data » Problem data » Units » Result units

Other predefined units that can be chosen are:

* Forces: Kilogram-force (kp)
* Lengths: centimeter (cm), millimeter (mm)
Results units can be expressed as:

* N-m-kg where:
* Displacements are in m
* Velocities are in m/s
* Accelerations are in m/s2
* Strengths are in N/m or N-m/m
* Stresses are in Pa= N/m2
* N-mm-kg where:
* Displacements are in mm
* Velocities are in mm/s
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* Accelerations are in mm/s2
® Strengths are in N/mm or N-mm/mm
° Stresses are in N/mm2
* Kp-cm-utm where:
* Displacements are in cm
° Velocities are in cm/s
° Accelerations are in cm/s2
® Strengths are in Kp/cm or Kp-cm/cm
° Stresses are in Kp/cm2
* KN,m,Mpa where:
* Displacements are in m
* Velocities are in m/s
° Accelerations are in m/s2
® Strengths are in kN/m or KN-m/m (kN=103 N)
° Stresses are in Mpa=106 Pa

Note that the units in this system does not form a compatible system.

Note for advanced users: In order to add new units to the predefined set in compassfem, it
is necessary to modify two files: compassfemn.cnd and compassfem.bas contained in the
directory compassfem.gid. This directory is the predefinition of the problem type RamSeries
inside GiD. In the file compassfem.cnd, it is necessary to search the fields Units and add the
new unit to all of these fields. In the file compassfem.bas it is only necessary to add an entry
to the units table that is at the beginning of the file.

Visual reference

A visual reference for the icons corresponding to the tools and functions described later, is
showed in this section.

T

Define groups

b —
(4T
Data tree view

=

Define general data

K

Assign constraints

%

Assign contacts
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%

Assign properties

i

Assign loads

&

Draw constraints and connections

&

Draw properties

&

Draw loads

&

Start calculation

o

View process info

B

Cancel calculation process

Simulation data

In this case, for RamSeries, the corresponding Simulation type is Structural Analysis.

Units

Geometry units are the units in which are represented the coordinates of the geometry and
mesh. General units are the units used to represent the results of the analysis.

Geometry units can be: meter (m), centimeter (cm) or millimeter (mm), etc,...
General units can be expressed as:

* N-m-kg where:
° Displacements are in m
* Velocities are in m/s
° Accelerations in m/s”2
* Strengths are in N/m or N-m/m
° Stresses are in Pa= N/m2
* N-mm-kg where:
° Displacements are in mm
* Velocities are in mm/s
° Accelerations in mm/s”2
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® Strengths are in N/mm or N-mm/mm
° Stresses are in N/mm2

* Kp-cm where:
* Displacements are in cm
° Velocities are in cm/s
* Accelerations in cm/s”2
® Strengths are in Kp/cm or Kp-cm/cm
° Stresses are in Kp/cm2

* KN,m,Mpa where:
* Displacements are in m
° Velocities are in m/s
° Accelerations in m/s”2
® Strengths are in kN/m or KN-m/m (kN=103 N)
° Stresses are in Mpa=106 Pa

Note that the units in this last system does not form a compatible system.

Gravity

The three components of the gravity define a vector, which will be normalized inside the
program, and represents the direction of the gravity if the self-weight is considered.

Coupling data

These options are available when Multiphysics Analysis or Coupled Seakeeping-Structural
Analysis are selected:

Simulation data » Simulation type

Please reffer to ICoupling data -pag. 85 for further information on Coupled Analyses.

General data

This is the information needed for the analysis and not related to the geometry.

Analysis

Simulation Dimension: The options are 3D, 2D Plain Stress, or 2D Plane Strain. If the
problem to analyze has only elements in one plane (2D) and it can be considered as a plane
strain or plane stress problem, select one of these options. In these cases, the input of the
data is the same than for the general analysis but the problem to solve is much faster. So, it
saves a lot of computing time.

Element type: Available options are Beams, Shells, Solids, cables and membranes. It is
possible to set up problems using all of the elements (option "All"), or problems combining
Beams & Shells & Solids, or just Beams & Shells combination.
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Analysis type: This option select the type of analysis to be perform. RamSeries can perform
the following analysis:

- Static analysis
- Incremental loads analysis

- Dynamic analysis

Material constitutive model: Allows to choose set the behaviour of the material whether it
is going to be linear or plastic.

-Linear materials

-Plasticity on materials

Geometric constitutive model: Indicates if geometrical non-linearities are going to be
considered (i.e. great deformations):

-Linear geometry.

-Non-linear geometry.

Boundary conditions: Allows to use non-linear elastic constraints:
-Linear BC

-Non-linear BC.

Internal triangular element:

* DKT: 3-noded Discrete Kirchoff triangular elements will be used.

* 6-noded elem: If chosen, mesh generated as 3-noded triangle elements will be
internally calculated as 6-noded triangles. It gives more precision in the results and
needs more computer time. It should be always used except when strengths in the
shell plane are dominant. In this last case, both options are feasible.

* BEST: Newly implemented rotation-free triangle element.

Naval: Activates some specific Naval Architecture tools, as automatic ship equilibration, static
wave loads, stiffened shells, buckling shell analysis, among others.

Yatch: Same as Naval, but considering also composite laminates.

Damage assessment: Activates fatigue damage assessment tools for lines (welded joints)
and shells.

SN curves file: If Damage assessment is activated, it is possible to choose a file containing
SN experimental curves.
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BeamP-Delta: if this option is set, the beam P-delta method is applied in order to calculate
second order effects for columns.

Be careful because one of the effects in a bad designed structure is that it will not be possible
to obtain a solution. The recommended way of working is to calculate first in first order, and
after with second order. If the strengths increment more than a certain value (20%-30%), a
redesign of the structure is advised.

Dynamic analysis data

If the Analysis Type option is set to Dynamic, the following data must be reviewed:

Type: There are tree possible types of dynamic analysis:

1 .Direct Integration
2 .Modal Analysis
3 .Spectrum Analysis.

AT: Indicate the step of time to be considered in the dynamic analysis. It is possible to define
different ranges of time steps (This options is very useful when different time step are
required along the analysis).

Number of steps: Indicate the total number of steps of the dynamic analysis. The total
physical time will be the number of steps times the time step.

Integration method indicates the algorithm of temporal integration to be performed in the
Dynamic analysis. Options for implicit schemes are: Newmark, Bossak-Newmark,
Hilber-Hughes-Taylor and Energy conserving/decaying.

Alpha BN, Alpha HHT, Alpha E-C/D: Parameters for Bossak-Newmark,
Hilber-Hughes-Taylor and Energy Conserving/decaying schemes, respectively.

Gamma, Beta: Parameters for the implicit schemes of temporal integration.

Matrix Storage: Indicates the type of storage for the Mass and Damping matrices. There are
two possibilities: Lumped and Consistent. A lumped matrix storage means that the masses
are concentrated in the nodes and then the mass matrix are reduced to vector. A consistent
matrix storage means that the masses are consider consistently with the finite element
approach and then the mass matrix is storage completely.

Initial Conditions: indicate which type of initial conditions are required. The initial condition
can defined manually for the users (User_Defined) or can be assigned like initial conditions
the values obtained in the static linear elastic analysis performed in the Combined Load Case
1 (Comb._Load_1)
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Damping Type: Indicates the way that the damping is considered. There are two
possibilities: Modal Damping and Rayleigh Damping. In the modal damping option the
damping is taking in account in the equations of motions of each mode without compute any
Damping Matrix, with this option is necessary to input the damping ratio. In the Rayleigh
damping option is computed a Damping Matrix proportional to the stiffness and mass
Matrices, with this option is necessary to input the coefficients Alpha_M and Alpha_K.

Alpha M: represents the coefficient of the Mass Matrix in the Rayleigh Damping

Alpha K: represents coefficient of the Damping Matrix in the Rayleigh Damping

Modal analysis

General
Type: Modal analysis b
At: 0.01 5 - 2
Number of steps: 10
Type of modal analysis: Number of modes -
Number of modes: 10
' QK | | * Cancel

General

Type: Modal analysis -

At: 0.01 5 - 2

Number of steps: 10

Type of modal analysis: Range of modes -

Number of modes: 10

Range of modes, min. value (Hz): 0

Range of modes, max. value (Hz): 250

" OK || X Cancel
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If chosen, the following option appear:
Type of modal analysis: There are two options:

° Number of modes: Indicates the number of modes to be considered in the vibrations
analysis.

° Range of modes: Natural frequencies between the range given will be calculated and
only the number of modes indicated will be printed. If the number of modes is equal than
0, all modes between the range will be calculated and printed.

Spectrum analysis
If chosen, the following options appear:

Number of modes: Indicates the number of modes to be considered in the vibrations
analysis.

Spectrum Analysis type: Indicates the type of Spectrum Analysis to perform. There are two
possibilities:

° Seismic Codes: It is possible to perform the spectrum analysis established in the
NCSE-94 Spanish regulation.
° User defined spectrum: The user has the possibility to input his own spectrum of
accelerations.
Non-Linear analysis data
If the Analysis Type option is set in the Dynamic, the following data must be reviewed:
(*Note: Advanced options only apply to Incremental analysis).

Solver Control: indicates the type of load control required for the analysis. RamSeries can
perform a Load Control, Displacement Control and Arc-Length control.

Conv. tolerance: represents the convergence value for the Non-Linear analysis.

Iteration type: indicates when the structural stiffness matrix is recalculated. RamSeries can
perform a recalculation in each iteration of each load step (Full_Newton-Raphson) or a
recalculation in the first iteration of each load step (Modified_Newton-Raphson).

Max iterations: indicates the maximum number of iteration allowed in each load step
Line-Search: indicates if the line-search method is required

Automatic increment: indicates if an automatic incrementation procedure is required

Auto-ARC-switch: indicates if an automatic switch to the Arc-Length Control is required.
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Use Stabilization: indicates if extra stabilization steps (increments) need to be performed.

Automatic inc

Num Iteration: indicates the number of iteration desired in each load step.
AP max: indicates the maximal load increment allowed.
AP min: indicates the minimal load increment allowed.

Line-Search

If the Line-Search option is chosen, the following data must be indicated:

Loops: define the maxim number of Line-Search loops.
Tolerance: define tolerance ratio desired.

Min: define the maximal step-length of Line-Search.
Max: define the minimal step-length of Line-Search.

Max. amplitude: define the maximal amplitude of any step.

Auto ARC-switch

If the Auto ARC-switch option is chosen, the following datum must be indicated
C Stiff: indicate the desired current stiffness parameter for switching.

Use Stabilization

In certain analyses, singular and very bad conditioned (high condition numberl) stiffness
matrices may appear. This usually happens, for example, when dealing with cables,
membranes or very thin shells elements.

In general, if the analyses are solved dynamically, there should be no problem achieving
convergence, for the damping would compensate the singularity of the stiffness matrix
(M-Ax" + C-Ax" + K-Ax = Fext)

Nevertheless, for static non-linear (incremental) analyses, convergence problems may arise
when the mentioned type of elements are involved, due to the lack of damping (K:Ax = Fext).
Therefore, a method is implemented in RamSeries so that convergence can be achieved. This
is done via adding an stabilization or "artificial damping":

(*SFM)-Ax' + K-Ax = *SFM-Ax/At + K-Ax = (*SFM/At + K)-AX = Fext

The artificial damping is given by a diagonal matrix which can be called Stability Factor
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Matrix (SFM), defined as:
SFMjj = *SFM;ji/At = SF (i=j)
0.0 (i#j)

SFM,'J'
SF is called the Stabization Factor.

After finishing the Num. increments which the user has inserted, RamSeries can perform
extra increments in order to stabilize the analysis and achieve the desired convergence.
These extra increments can be inserted in the Stabilization increment number.

*Note:
1. condition number (k) of a matrix (A), considering ||-||2> norm, is defined as:
K(A) = |Amax(A)/Amin(A)|

Where Amax(A) and Amin(A) are maximal and minimal (by moduli) eigenvalues of
A respectively.

Incremental analysis data
Num increments: indicates the number of parts that the total load is divided

Results
Beams

* Granularity means the number of subdivisions that will have every beam to represent
the results. More subdivisions give more quality in the results visualization and more
disk space. This option does not modify the precision of the result, only its
visualization.

* Output Maximums When there are more than one load case, it is possible to output a
special load case containing the maximums for beams. Option Automatic, outputs it
only if there are steel sections. Option Always, output it if there are more than one
load case.

Shell smooth results: If chosen, RamSeries will smooth the strength results where possible.
The results of the calculation are strengths in the interior of every element that are
discontinuous from one element to another. Smoothing means to approximate other values of
the strengths so as they are continuous from one element to another. This can only be made
if the geometry is smooth by itself from one element to another.

Output beams and shell stresses If chosen, the stresses and Von Misses in both, the face
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up and the face down of the shell are calculated.

Smooth per material: (option only available for solids). When mixing two materials very
different, like steel and concrete, the stresses are not continuous between materials. Then, it

is

necessary to set this option in order to see the stresses jump in the two materials

boundary.

Advanced

This section treats advanced options for analysis.

Linear solver

The option Solver type enables the user to choose the equation solver. The options are:

Automatic: The program chooses the best solver depending on the size of the problem.
Skyline: This solver is not currently available for choosing from the GUI. It is just used
internally, for natural frequency analysis. A Cholesky solver with skyline storage of the
matrix is used. This is a direct solver that requires a bigger amount of memory. The
advantage is that it always gives a solution if the problem is correctly defined. If there are
several load cases, a direct solver can save a lot of computing time.

Hybrid-Sparse: A direct solver with sparse storage. The most advisable option, for it
takes the same memory as the sparse solver (same matrix storage), and it is much
quicker than the direct solver used in the Skyline option.
Sparse: A conjugate-gradients solver with sparse storage is used. This is an iterative
solver that requires much less memory than a direct one. It may not converge in some
cases. If this option is enabled, some parameters can be adjusted:
* Solver tolerance: When two successive iterations do not differ by more than the
specified tolerance, the solver will halt.
* Solver tolerance minimum: If the solver arrives at its maximum iteration number, this
tolerance will decide if results are accepted.
* Max. iterations: maximum number of iterations permitted.

Parallel or sequential mode: For Hybrid-Sparse solver it is possible to use parallelization
options, so solver operations can be performed in various processors.

Number of CPU's: Number of processors that the Hybrid-Sparse solver will be allowed to use.

The most advisable and suitable option is to choose Automatic, or Hybrid-Sparse.

Eigen solver

The eigensolver used in the analysis of frequencies and modes of vibrations is the subspace
iterative method. The option Eigensolver max iterations indicates the maximum number of
iteration to be performed by the eigensolver.
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Dynamic Output

A dynamic analysis generates a large amount of results which are passed on to the
post-processing. In order to reduce the amount of data, RamSeries offers the possibility to
choose which results are required.this information RamSeries have the possibility of choose
what results are required (Write Displacements, Write Velocities, Write Accelerations, Write
Strengths and Write Reactions)

Using the option Output Step, the user can specify how many interim results should be
included in the post-process file.

Constraints

Conds. & Init. Data > Constraints

Constraints and prescribed displacements

The parts of the structure that has any type of external constraint in their movements, are
called constraints. These constraints can be applied for every degree of freedom (X, Y, Z and
rotations for beams and shells), and for every node in the model

In this condition, the local axes have no relationship with the beam local axes defined in the
properties section. The GLOBAL option means to prescribe related to the global axes of the
problem. Local axes are used to prescribe the displacement or rotation in a direction not
coincident with any of the global axes. The values part of the condition is used to prescribe a
fixed amount of displacement or rotation. Default units are meters for the X, Y and Z
displacements and radians for the prescribed rotations. X Constraint, Y Constraint and Z
Constraint mean the displacements along the axes. Theta x Constraint, theta y constraints
and theta z constraints mean the rotations around the axes. Signs are as follows (right hand
rule):

Z disp. A

Theta Y

Theta Zé;

This condition can be applied to either points, lines or in the solid analysis, to surfaces.

Note: 3D solids have only three degrees of freedom: displacements in X, Y and Z.
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Bz Constraint
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Elastic constraints

The elastic constraints are similar to the constraints but instead of prescribing the
displacement or rotation of a point, an elastic spring is attached to that node for each
prescribed degree of freedom. The first three constraints: X-constraint, Y-constraint and
Z-constraint are the prescriptions for the three displacements. If any is set, a value must be
given that represents the stiffness of that spring. The last three constraints:
theta-X-constraint, theta-Y-constraint, theta-Z-constraint, are prescriptions for the three
rotations

This condition can be applied to either:

° Points: Units for the stiffness in IS are: Newton/meter and Newton - meter/radians

° Beam lines: Units for the stiffness in IS are: Newton/meter2 and Newton-m/(radians-m)

° Surface shells: Units for the stiffness in IS are: Newton/meter3 and Newton /(radians-m)

° Surfaces that are contour of volumes: Units for the stiffness in IS are: Newton/meter3 and

Newton-m/(radians-mz)

It is possible to use a combination of normal and elastic constraints for the same point. The
only condition is that every degree of freedom must have prescribed only a displacement or
an elastic movement.

This constraint can be used in the analysis of foundations and interactions with the ground
and terrain.

Connections

Conds. & Init. Data > Connections

As defined in last section, constraints are the restrictions applied externally to the model in
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order to avoid some movements or prescribe some of these movements. We define
connections as a way to change the relative movements between different parts of the model.

By default, all the elements and parts of the model are attached together as completely rigid.
This condition is used to disconnect some degrees in one or several nodes between different
parts of the structure. In this way, it is easy to define Rotules, that permit free rotation
between several parts of the structure.

The disconnection of several degrees of freedom can be made in several ways. The most
simple ones are those known as rotules.

Disconnect All

This condition defines a group, identified by a name, that work together as a part. This group
will have the marked degrees disconnected of the rest of beams or shell elements that share
the same node.

The elements that belong to the group must be marked with condition Disconnect Group.
If local axes are defined, the degrees disconnected are related to that local axes. If not, they

are related to the global axes.

Apply Disconnect all
[ % Constraink

|:| Y Conskraink

|:| Z Conskraink

[] B Constraint

[] By Constraint

[] Bz Constraint

[] Local axes %
N\

lines

3

point=

Group: ¥ | =, Select
v

Disconnect Group

This condition is used in collaboration with the condition Disconnect All and is used to mark
the elements that belong to a common part with a common Group.
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&pply Disconnect group
|:| * Conskraink

|:| Y Conskraink

|:| £ Constraink

[] B Constraint

[] By Constraint

[] Bz Constraint

[] Local axes =
N\

L
poinits

Disconneck point: M %, Select
Lines group: M %, Select
v

lines

Disconnection examples: beams

disconnect Id

Identifier: |d1
Disconnect degrees inthe line
Disconnect y rotation
inthe node

|dentifier; 1dl

disconnect Id
[dentifier; 1dl
inthe line -~

z
Q‘X

In this example, one part, called Id1, is defined with the two bars that have a rigid connection
between them. Degree y rotation is disconnected from the rest of the bars. So, the third bar
has free rotation related to these two.
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Disconnected z rotation in this node

-
-
-
-

y
A .

‘ Yector Line Diagram of £' Momentus (N-m), 12" Mormentus (N-m)| factor 0.000322042,

Typical results in momentum for that node.

Disconnection examples: shells

disconnect Id
Identifier: 1d1
inthe surface |

Disconnect degrees
Disconnect z rotation

Disconnect x displacement
Inthe ling
Identifier: 1d1

In this example, one part, called Id1, is defined with all the elements that belong to one of
the two surfaces. Degree z rotation and x displacement are disconnected for all the
elements that belong to one of the surfaces and contain one node or 2 on the connection line.
So, the elements of the other surface have free rotation related to the elements of this
surface

Contacts
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Penalty contacts

In the 3D solids RamSeries can perform an Contact-Impact analysis between bodies.

To model Contact-Impact between bodies using RamSeries, it's necessary to create the
geometry of each body and indicate the potential contact areas. To define such contacts,
RamSeries has two options:

1-) Use the menu options:

Geometry » Create p Contact » Surface

and

Geometry p Create p Contact p Volume

to create contact between lines and surfaces, respectively. This option allows to automatically
generating contact elements that join the nodes of the impact bodies. Nonetheless, it can
only be used when the two surfaces or volumes to connect are homogeneous.

2-) Connect explicitly the potential points of contact starting from lines. This option is very
useful when it's known beforehand the potential nodes to be in contact.

With the condition Contact can be indicated which are the contact elements between bodies.
This condition can be applied to lines,surfaces or volumes.

Penalty indicates the stiffness of the contact element.

apply Initial conditions

Displacement x; |0 i [v]
Displacement v |0 m [v]
Displacement z; |0 m [v]
Welocity 0.0 my's [v]
Welocity 0.0 mjs [v]
Yelocity z: 0.0 my's [v]
‘ - I\ o

points | lines  surfaces wolumes

{aroup:; [Vl %, Select
e
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Contacts Structural
Information for analyses with contacts among elements.
Analysis configuration

A contact analysis is non-linear. Below is show to setup static or dynamic analysis with
contacts.

* Analysis:
* Analysis type: for static analysis Incremental Loads Analysis must be selected
and for dynamics Dynamic Analysis.

It is necessary to activate one type of non-linear calculation Plasticity Materials,
Non-linear geometry of Non-Linear boundary conditions.

* Non-Linear analysis data:
* Solver control: Arc-length control is not available for analyses with contacts.
* Advanced parameters of Non-Linear analysis data as Line-Search, Automatic
increment, Auto ARC switch are not available for analyses with contacts.

For dynamic analysis with contacts it is recommended to use Energy Conserving as
Integration method.

Master-Slave contacts Surf-Surf

This option is used to perform a Contact Analysis among two surfaces ( Shell - Shell, Solid -
Solid or Shell - Solid).

Contact options are shown in the interface if a type of non-linear analysis, dynamic or static,
is selected.

Apply Masker-Slave contacks Surf-Surf

Contack bype: | Sticking

w
Azsign Master: hd | w, Select |

Assign Slave: ¥ || w, Select

v
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Two types of contacts are available:

* Sticking contact: tangential relative motion between surfaces is not allowed.
° Frictionless contact: tangential relative motion between surfaces is allowed without
friction.

The contact domain must be defined selecting the pair of surfaces where there will be
contact. It is possible to choose shell's surfaces or solid's surfaces.

One surface will be assigned as master and the other as slave.

There is not a fix rule about which surface must be master and which must be slave.
However, it is advisable to choose as master surface the more rigid. On the other hand,
stresses in slave surface will be more accurate than in master slave, so choosing as slave the
surface where a better accuracy is requested, is a good option.

It is necessary that master surfaces's normals point to slave surfaces for detecting contacts
correctly. If master and slave surfaces are coincident or separated by some distance, and
Normals sense swap option is activated (see advanced contacts data), Ramseries swaps
master surface's normals.

Example of coincident master and slave surfaces.

Master-Slave surfaces coincident]

Example of separated master and slave surfaces:
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[Master-Slave surfaces separated

Example of intersected master and slave surfaces:

[Master-Slave surfaces intersected

In this case, it is necessary to define master surfaces's normals and deactivate Normals
sense swap (see advanced contacts data).

Fix constraint in slave nodes
If a slave node contacts with a master element but this slave node has defined a fix

constraint, the contact will not be created. Therefore, it is advisable to define elastic
constraints instead of fix constraints in slave nodes. If the stiffness value of the elastic
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constraint is 103 times greater than the material's stiffness, it will work than a fix constraint.
Contact's groups

It is possible to define different pairs of master-slaves.

- Y Structural general data
D ;Ennstraints
<7 @Enntacts =
2 @'Euntacts Structural i \
= QMaster—Slave contacts Surf-Surf
V 8? grouplist
1 - &group: Master-Slave contacts Surf-Surf 1Autol B ‘
8? group: Master-Slave contacts Surf-Surf 2aukal
[ Contact type: Sticking —————__|Contact Group 2|

V 8? grouplist - _1 \

> & group: Master-Slave contacts Surf-Surf 1AukoZ

I[Contact Group 1

“[[]Contact type: Sticking

> & group: Master-Slawve conkacts Surf-Surf 2Aukoz 17‘

However, all groups must be the same type of contact, sticking or frictionless.
Master-Slave contacts Surf-Line

This option is used to perform a Contact Analysis among a surface and a line ( Shell - Beam,
Solid - Beam).

Contact options are shown in the interface if a type of non-linear analysis, dynamic or static,
is selected.

Apply Master-5lave contacts Surf-Line
Contact type: Sticking

Assign Slave: ¥ | % Select

Vo

Assign Master: b

Two types of contacts are available:

° Sticking contact: tangential relative motion between surface and beam is not allowed.
° Frictionless contact: tangential relative motion between surface and beam is allowed
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without friction.

The contact domain must be defined selecting the surface and the beam where there will be
contact. It is possible to choose shell's surfaces or solid's surfaces.

The surface must be assigned as master and the beam must be assigned as slave.

It is necessary that master surfaces's normals point to slave lines for detecting contacts
correctly. If master surface and slave line are coincident or separated by some distance, and
Normals sense swap option is activated (see advanced contacts data), Ramseries swaps
master surfaces's normals.

Contact's groups

It is possible to define different pairs of master-slaves.

Mesh definition recommendations

For improving stress accuracy in contacts elements, it is recommended to use smaller
elements in slave surface than master surface, because doing so, every master element will
have more than slave node in contact.

Process Information

It is possible to know valuable information about contacts during calculation process.

For viewing process info, the icon shown below must be selected:

=

View process info

Following, an extract of process info is shown:
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Increment 4

Starting solution process

Total Hybrid-Sparse =solver time = 0.021 min. = 1.3 =eqg.
Current stiffness factor= 2.19883

Total LD factor= 0.4, Inc factor=0.1l and Inc Length= 1.35927
Humber of contacts added or changed: 57

Humber of active contacts before iterations: 57
Iteration 1: ..... Convergence factor=0.745542
Iteration 2: ..... Convergence factor=0.0240&67&
Iteration 3: ..... Convergence factor=3.42056e-007

Maximum traction force=0.0391855 in node=5810
Humber of disconnected contacts: 3

Iteration 4: ..... Convergence factor=0.11142&
Iteration 5: ..... Convergence factor=0.000574928
Iteration 6&6: ..... Convergence factor=4.558%6e-007

Maximum penetration=-5.79217e-008 in node=6l&6
HNumber of contacts added or changed: 54

Iteration 7: ..... Convergence factor=0.00132538
Iteration 8: ..... Convergence factor=0.0240&671
Iteration 9: ..... Convergence factor=3.10638e-007
Maximum penetration=-4.50313e-013 in node=5848
Humber of active contacts after iterations: 54

Highest penetration: -4.50313e-013. Node: 5848

At the begining of convergence bucle, the number of contacts added or changed are shown. A
contact changes when the slave node changes its master element or the position of contact.

When Convergence factor is minor than convergence tolerance (See Non-Linear Analysis
Data), all contacts with traction force are disconnected and all contacts are added when slave
nodes penetrates a master element. The process info shows the number of contacts
disconnected, added or changed, as well as the highest penetration and traction force.

Advanced Contacts data
Advanced contacts data is available in

Data »p Structural general data » Advanced »p Contacts data

Contacts data
Maximum admisible penetration (m): 0.025e-6

Mormals sense swap

| & OK ||‘?fl:ance|

When iteration routine is executed, if there are slave nodes with penetration minor than
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maximum admisible, new contacts will not be created.

If it is activated, Ramseries will swap master surfaces's normals to point to slave nodes.

Dynamic conditions

Initial Conditions

In the Linear-Dynamics and Non-Linear Dynamics analysis the Initial Conditions of the
structured must be defined. These initial conditions can be applied for every degree of
freedom (X, Y, Z and rotations for beams and shells), and for every node in the model

Default units are meters for the X, Y and Z displacements and radians for the prescribed
rotations. X Constraint, Y Constraint and Z Constraint mean the displacements along the
axes. Theta x Constraint, theta y constraints and theta z constraints mean the rotations
around the axes.

This condition can be applied to either points, lines or in the solid analysis, to surfaces.

Note: 3D solids have only three degrees of freedom: displacements in X, Y and Z.

apply Initial conditions

Displacement x; |0 0] [v]
Displacement v |0 il [v]
Displacement z: |0 m [v]
Welocity 0.0 my's [v]
NMelocity vy 0.0 s [v]
Welocity z: 0.0 my's [v]
‘ « I\ S

points | lines  surfaces wolumes

aroup: [vl %, Select
v

Masses

When performing a dynamic analysis, the mass of the structure has to be specified.

Point mass

This is a mass applied to one point of the structure. Default units are kilogram for the
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translation mass components and kilogram by square meter for the rotation mass
components.

Apply Masses

Mass 0.0 kg [v]
Mass y: 0.0 kg [v]
Mass z: 0.0 kg [vl
M, inercia x: |0 kgm ™
M. inerciay: 0 kaem? ™
M. inercia z: 0 kg'm: ™
* N o
F":'iﬂ lines  surfaces

Graup: [Vl %, Seleck
v

Beam mass
A beam mass is specified when considering the distributed mass of a beam.

Default units are kilogram/meter for translation mass and kilogram.meter for rotational mass.

apply Masses

Trasl mass: 0 kg [v]
M, inercia = 0 il [v]
M. inercia y: 0 kg'm [v]
M. inercia z: 0 kg'm [v]

] '\ :I i
poirts | lines | surfaces
Group: ["""’] %, Select
v

Note: if this condition is applied over a line which is contour of a shell but has not got beam
properties assigned, it will automatically considered as a "Face-shell mass”.
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Surface shell mass
This is a mass applied to a shell element of the structure.
Default units are kilogram/ square meters.
Apply Masses
Surface mass; 0.0 kgfm= v
» N\ <

points  lines | surfaces

Group: M|, Select
v

General properties

These properties define both the material parameters and the sections, shells, solids,
membranes and cables parameters.

Global and Local axes for beams

The model is created in reference to a global axes system XYZ that is unique for the entire
problem. However, every beam must have its own local axes system X'Y'Z' in order to:

1 Refer section properties like Inertia modulus or thickness and height to this system.

2 Some of the loads (the Local loads that have the prefix Local) are specified in relation to
this coordinate system. related also to this system.

3 The resulting forces in the beams refer to this system. Strength results over the beams

are referred to this local axes system.
The main property of this system is that the local X' axis axe must have the same direction as

the beam. than the beam.

Global axes system

Local axes system

The ways for defining local axes systems are:
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1 Default. The program assigns a different local axes system to every beam with the
following criteria:

¢ X' axe has the direction of the beam.

° If X' axe has the same direction than global Z axe, Y' axe has the same direction than
global X. If not, Y' axe is calculated so as to be horizontal (orthogonal to X' and Z).

® Z' axe is the cross product of X' axe and Y' axe. It will try to point to the same sense than
global Z (dot product of Z and Z' axes will be positive or zero).
Note: The intuitive idea is that vertical beams have the Y' axe in the direction of global X.
All the other beams have the Y' axe horizontal and with the Z' axe pointing up.

2 Automatic. Similar to the previous one but the local axes system is assigned
automatically to the beam by GiD. The final orientation can be checked with the Draw
Local Axes option in the GiD Conditions window.

3 Automatic alt. Similar to the previous one but an alternative proposal of local axes is
given. Typically, User should assign Automatic local axes and check them, after assigning,
with the Draw local axes option. If a different local axes system is desired, normally
rotated 90 degrees from the first one, then it is only necessary to assign again the same
condition to the entities with the Automatic alt option selected.

4 User defined. User can created different named local axes systems with the GiD
command:

Data » Local axes »p Open

and with the different methods that can be chosen there. The names of the defined local
axes will be added to the menu where Local axes are chosen.

Note 1: RamSeries tries to correct the local axes system if the local X' axe does not point to
the direction of the beam. It will fail if local X' axe is orthogonal to the direction of the beam.

Note 2: The final local axes system for every beam can be visualized in the post-process
stage. It is convenient to check the correctness of these systems after calculation is
performed.

Global and Local axes for shells

The model is created related to a global axes system XYZ that is unique for the entire
problem. But every shell element must have its own local axes system X'Y'Z' in order to:

1 Refer section properties like orthotropy properties to this system.

2 Some of the loads (that have the prefix Local) are related also to this system.

3 Strength results over the shell are referred to this local axes system.

4 Dimension of steel in shells is based on X' and Y' directions.
The main property of this local axes system is that the local Z' axe must have the same
direction than the normal of the element.
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Global axes system Local axes system
7/

Shell element

The ways for defining local axes systems are:

1 Default. The program assigns a different local axes system to the shell with the following
criteria:

° Be N the unitary normal of the shell element, U the vector (0,1,0) and V the vector
(0,0,1). Then:

° Z' axe has the direction and sense of N.

* If Nx<1/64 and Ny<1/64, then X' axe will be in the direction of the cross product of U and
N (UxN).

° If not, X' axe will be in the direction of the cross product of V and N (VxN).

° Y' axe will be the cross product of Z' axe and X' axe.
Note: Intuitively, this local axes system is calculated so as if element is approximately
contained in the plane XY, local X' axe will point towards global X axe. If not, this X' axe is
obtained as orthogonal to global Z axe and local Z' axe.

2 Automatic. Similar to the previous one but the local axes system is assigned
automatically to the shell by GiD. The final orientation can be checked with the Draw Local
Axes option in the GiD Conditions window.

3 Automatic alt. Similar to the previous one but an alternative proposal of local axes is
given. Typically, User should assign Automatic local axes and check them, after assigning,
with the Draw local axes option. If a different local axes system is desired, normally
rotated 90 degrees from the first one, then it is only necessary to assign again the same
condition to the entities with the Automatic alt option selected.

4 User defined. User can created different named local axes systems with the GiD
command:

Data » Local axes p Open

and with the different methods that can be chosen there. The names of the defined local
axes will be added to the menu where Local axes are chosen in the conditions window.

Note 1: RamSeries tries to correct the local axes system if the local Z' axe does not point to
the direction of the normal of the element. It will fail if local Z' axe is orthogonal to the
direction of the normal.

Note 2: The final local axes system for every shell element can be visualized in the
post-process stage. It is convenient to check the correctness of these systems after
calculation is performed.
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Beams

Rectangular Section

This condition is assigned to beams with its transversal section rectangular.

&pply Rectangular seckion

width v 0 m |~
Width z: 0 m v
Material; User defined ™
E: 21611 Mjm? |
: 2,110 Mjm? |
Specific weight:  |0.0 M= [V]
Maxirnurn skress: (0.0 Pa [v]

A Local Axes: Cpen -

Group: [V] W, Seleck
v

=

nidth = o T

-+

Wiidth

The Width y is the width of the rectangular section following the Y' direction. Width z is the
width in the Z' direction. G is the torsion modulus (8.1e10 N/m2 for steel) and E is the Young
modulus (2.1el1l N/m2 for steel).

Note: Remember that for an isotropic material: G=E/(2-(1 +V)) (for steel u=0.3)

* The Specific Weight (different from density). The weight is considered in the direction of
the gravity, which will be defined later. Its default units are N/m3.
Once the values are filled in, the condition must be assigned to the beams.

Generic Section

The definition of the properties for a general beam section is very similar to that of the
rectangular section. Instead of giving the width and height of the section, the area (A), the
Torque modulus (J) and the inertia modulus for the Y' (Inertia y) and Z' axes (Inertia z) of the
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beam are given. Default units for the area are m? and for the inertia modulus are m*.

data |stress data

Data

Area a0 m? [vl
Inerkia v 0 m# [vl
Inerkia z: o m+ [vl
I: o m# [vl
Material: User defined [vl
E: 2.1el1 Mim? v/
i £.1e10 Njm? v/
Specific weight: |0 Mfm? [vl

A Local Axes: Open -

Predefined sections

Group: [Vl %, Seleck
v

It is also possible to automatically calculate the properties of predefined sections (Rectangular
Solid, Trapezoidal Solid, Circular Solid, SemiCircular Solid, Tube , Double T), inserting the
desired dimensions in the window which pops-up after pressing the "Predefined
Sections" button.

B8
Geometrical Properties
Sections
Section |D0ub\e T - Seclion Properties
‘Wizual Description Top Width m T
Battam Width m
| | Height m
Wwings Thick. m
Central Thick. m
Lalculate
Origin of Coordinates
| ' center |0.0 m 4
i |
toments of Inertia 00,0 500 0o B0.0 1000
et —
rea |
wl e D00 SO0 00 500 1000
3 Centoid
e |
o e

(] 8 Save... Cancel

Sections Library

There is a wide library available in RamSeries for defining standard steel sections.
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apply Sections library

MName: 2L-40-4 v
Z axe position; 0.0 Cr [v]
Makerial: iy [v]

A Local Axes: Open -

Edit

(aroup: ["ﬂ"] %, Select
v

If the button Edit is pressed, the sections library window is displayed, and it is possible to
choose the desired section and check the geometrical properties.

Sheel sections

= CF

H—(_] CUADRADO

A~ HEA

H—(_] HEB

H—(_ ] HEM

f—(_]IPE =
H—(_] 1PN

=L

H—(_]LD

H—_] LDF

—(LF

H—_] 0

(1 OF d

Z_axe position Material

Position: [0.0 =] cm | Reset g a52 4|

Properties

A=f,15cm” Ty=3.94cm” Iz=16.7cm”
Tyz=1cm™ 1=0.324cm” Wy=3. 1cm?®
Wz=4.18cm* Aby=3.2cm” Akz=3.2cm?
Yg=+4cm 2g=2.55cm

2 axe position=0.0cm

[ B e B B e B B B e B B e B pre B B e B e M e

b=5cm
e=0.4cm h=4cm

Naval Stiffeners

In RamSeries, it is possible to assign properties of fiber reinforced plastic stiffeners (very
common in naval motorcraft or sailing plastic hulls) to beams.
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Apply Maval stiffeners

Area: 0.0 m’

G: 0.0 M/m®

E 0.0 M/’

Specific weight: 0.0 M/m?

Top laminate:

Base laminate:

Height laminate:

A Local Axes: Open -

Edit

Group: Y| %, Select

4 OK M Cancel

After pressing the button "Edit", the following window will show up:

& Composite naval stiffeners = B
Visual description Section properties

Units N-m-kg v

Top width 0.0 m  Top laminate v "’/
Bottomn width |0.0 m

Base width 0.0 m  Base laminate v "’z
Height m  Height laminate 7

IRy ? oo ? v ¢

S
! S - & Laminates creator

Height] Core properties

- G 00 N/m?

Section properties

!

1 1

i i

E Bottarn YWidth E © Caleulste

i i Area 0.0 m*

: [Ease vty ; by = .
lzz 0.0 m*
Specific weight 0.0 N/m®
E 0.0 N/m?
J 0.0 m®

Ok Cancel

It will be possible to define the section of the core, and its mechanical properties in the
following way,

After defining the properties of all the compounds to be used:

Materials and properties » Materials » Composite

it is necessary to introduce the different laminates, which will be used. This can be done in
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the Composite naval stiffeners window (clicking on the button called "Laminates creator"),
orin the

Materials and properties » Materials » Laminate

item in the date tree.

'3 Composite laminate = g
Laminate definition Laminate compesition
Laminate name Laminate 1 {Qf Edit laminates Material | Angle | Thickness | Layers | r
Material IME-Carb_Epoxy ("/ Edit composites
Sequence 1 ﬂ [45,-45]s v
< . >

[] Number of layers |1 ﬂ Fiberangle 0.0 deg

. Visual description
Thickness 0.002344

B

+ || X R || %
Previously defined laminates
Existing laminates LS
Total laminate thickness
Total thickness 0.0 m

Ok LCancel

Damage Assesment

If Naval (or yacht) analysis is activated, and for Dynamic Analyses, it is possible to perform a
Damage Assesment based on the FEA stress results ($ee Appendix 10: Fatigue Damage|
Pssesment -pag. 834).

It is necessary to activate it in:

General data » Analysis » Damage assesment

Furthermore, predefined S-N curves may be inserted from a file, choosing

General data » Analysis » SN curves file

Ask Compass IS for a sample file regarding this issue.

By assigning this condition to any line of the geometry, the user is indicating the program
that it is a welded connection, and that it must be verified for fatigue damage.
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Apply Welded joints

k: (1N
i 4.0
logia): 15.117

Fatigue lirit (MPa): 106,97

Welded connections: | Welded Tubular Joints [v]
Thickness {mim;: 25
SCF: 1

Max. stress Fackor: 1.0

Min. stress Fackor: 1.0

SM curves

Ll [V] W, Select
v

If predefined S-N curves have been inserted through a valid file as mentioned above, they will
appear automatically by clicking on the [SN curves] button.

Cables

Cable section

Data

Area; 0.0 m# [V]
Material: User defined [v]
E: 2.1e11 Mim: v
Specific weight: 0.0 Mim: s
Pre Stressing: (0.0 M [V]

I= compressive Force allowed

A Local Axes: Cpen -

EEE ["’] %, Select
v

Shells

Isotropic Shell
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apply Isotropic shel

Thickness: 0 m v
Material: User defined [v]
E: z.1el1 Mjm v
W 0.3

Specific weight: |0 Mm? v

A Local Axes: Cpen -

aroup: ["""’] %, Seleck
v

Orthotropic Shell

Properties defined in this condition are similar to that of the Isotropic shell condition. The
difference is that the material is orthotropic. The orthotropy axes are the ones defined in the
Local axes section. The properties to enter are the Young Modulus (Ex, Ey), the Poisson

coefficients (vVxy, Vyx) and the Shear modulus (Gxy, Gxz, Gyz). They are all referred to the local

axes X'and Y'.

Note: Remember that to maintain the elasticity hypothesis it is necessary to accomplish that:

Ex'ny = Ey'Vyx

Default units for E and G are N/m2 and Vv is non-dimensional.

Remember that for an isotropic material:

E
G 1 1 = G 15,1 = G 1o = ——
e T T 5 1 +v)
For and orthotropic material:
1 _ 1 +Vy'x' + 1 +V)('y'

Gx'y' Ex' Ey‘
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Apply Crthotropic shell

Thickness: a m [v]
Material: Orthotropic skeel [*u*] -
DG Pasition: |0 i v

A Llocal Axes: Open -

Group: [‘""’] %, Seleck
v

skruckural W x
Orthotrapic elastic prop Function wariables

B olel! Him? [vl |:| Funckion on

Ey: z.lell M2 [vl

Ez: 2.1ell M2 [vl

iy . B M, : P TR P
Gyt 8.1e10 Mjm? ] nu, - nu, ! &
& 8.1e10 Pifm? [v] nu, .: P ST P

Gyz: 8.1e10 Mim?® [Vl :

Specific weight: | 76900 Mim® [Vl [ ok ] [ Cancel ]

| wok || ¢ cancel || 4 more... |

Laminate Shell

As well as for the "Naval stiffeners", it is possible to assign laminated fiber reinforced plastic
properties to shells.
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Apply Laminate shell
Material: Laminate 1 -

Mumber of layers: 0
Thickness: 0

CDiG Position: 0.0

A Local Axes: Open -

Group: v | % Select

4 QK ¥ Cancel

Clicking on the button "Edit Laminate", the list of the existing laminates is displayed.

The data tree item

Materials and properties » Materials » Laminate

allows to define the laminates materials using the Composite laminate window. It should be
noted that this window is also available in the Laminate contextual menu.

& Compaosite laminate = B
Laminate definition Laminate compesition
Laminate name Laminate 2 {?f Edit laminates Material | Angle | Thickness | Layers | r
Material IME-Carb_Epaoxy (") Edit composites
Sequence 1 é‘ [45,-45]= W
- < >
[] Number of layers |1 Z‘ Fiberangle 0.0 deg
. Visual description
Thickness 0.002344

y
+ || X || R %
Previously defined laminates

Existing laminates |Laminate 1 vi| g

Total laminate thickness

Total thickness 0.0 m

Ok Cancel

Stiffened Shell
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It is possible in RamSeries to define a shell which will have the properties of a reinforced plate
with stiffeners welded onto it.

Apply Stiffened shell

A Local Axes: Cpen -

Eroup: [V] %, Select
v

For defining the properties of this plate, the data necessary is: the plate Thickness, the
distance between stiffeners (Clearance), the Stiffener Direction (please take special care
here with the local axes of the shell), and the type of stiffener section to use.

Also, it is possible to choose the steel type (A37, A42 or A52).

Stiffered shell data

Thickness 0.0 ()
Clearance 0.0 ()
Stiffener direction | ﬂ
Stiffener Sections
makerial wisual descripkion
a42 L= |
ri —y

skeel sections

Z axe position: 0.0 2 em  Reset

properkies

Damage Assesment

If Naval (or yacht) analysis is activated, and for Dynamic Analyses, it is possible to perform a
Damage Assesment based on the FEA stress results (see Appendix 10: Fatigue Damage

Compass Ingenieria y Sistemas - http://www.compassis.com




COMPASS

WWW.COmpassis.col

m

RamSeries

Assesment -pag. 83-

It is necessary to act]

General da

Furthermore, predefi

General da
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appear automatically]
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Isotropic membr
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sample file regarding this issue.

dition to any surface of the geometr]
bd for fatigue damage.

Apply Shells

ke 0.0

m: 4.0
logfa): 15.117
Fatigue lirnit (MPa): 106,97
Reference thickness (mm): |25
Thickness {mm): 25
SCF: 1

Max, stress Fackar: 1.0
Min. stress Factor: 1.0

SN curves

Graup:

W’

ves have been inserted through a va
by clicking on the [SN curves] but

Ane

» Analysis » Damage asse

hed S-N curves may be inserted fron

rsment

n a file, choosing

v, the user is indicating the program

]
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Apply Isokropic membrane

Thickness: 0.0 m v
Material: User defined v
E: 211l | Mjmr |
W 0.3

Specific weight: 0.0 Mims v

Minirum compression skress: (0.0

Iteration Goal: 0.0

A Local Axest Open -

faroup: |, Select
v

Minimum compression stress: a membrane does not resist compression loads, but it is
wrinkled. When compression stress is higher than this limit, wrinkling algorithm, that
manages the wrinking process, is activated.

Iteration goal: it is the limit of iterations where the wrinkling algorithm is executed. If
iteration goal is 0 membrane will be considered as taut and wrinkling algorithm will not be
executed. On the other hand, if iteration goal is higher than the maximum of iterations,
wrinkling algorithm will be executed in every iteration.

Orthotropic membrane
apply Orthotropic membrane
Thickness: 0.0 i Rl

Minimum compression stress; 0.0
Iteration Goal: 0.0

Material: Orthotropic skeel v |

A Local Axes: COpen -

Group: M|, Select
v
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Solid properties

Isotropic Solid
This condition is assigned to solid volumes.
Properties to enter are:

* Material. To be chosen from library, or "User defined".

* E is the Young modulus (2.1el1 N/m2 for steel) and v is the Poisson coefficient with value
0.3 for steel (it is non-dimensional).

* The Specific Weight is the self-weight of the solid (different from density). The weight is
considered in the direction of the gravity, which will be defined later. Its default units are
N/m3.

Once the values are filled in, the condition must be assigned to the volume that defines the
solid.

Apply Isotropic solid

Material: User defined [v]
E: z.1ell Nz v
W 0.3

Specific weight: |0 WIE [v]

Group: ["""] %, Seleck
v

Orthotropic Solid

Properties defined in this condition are similar to that of the Isotropic solid condition. The
difference is that the material is orthotropic. The orthotropy axes are the ones defined in the
Local axes section. The properties to enter are the Young Modulus (Ex, Ey), the Poisson
coefficients (vxy, Vyx) and the Shear modulus (Gxy, Gxz, Gyz). They are all referred to the local
axes X'and Y'.

Note: Remember that to maintain the elasticity hypothesis it is necessary to accomplish that:

Ex‘ny = Ey'Vyx

Default units for E and G are N/m2 and v is non-dimensional.

Remember that for an isotropic material:
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Gx'y = Gxz = Gy = £
TR TR T o (14w
For and orthotropic material:
1 1+ Vy'X' 1+ Vx'y'
Gx'y‘ Ex' Ey‘
Apply Orthotropic solid

Material: | Orthotropic skeel [v] Q

A Local Axes: Open -

Group: [""‘*] %, Seleck

v
struckural N 2
Orthotropic elastic prop
Function wariables
Ex: 2.1el1 Mz >
[] Function on

Ey: 21811 Mjm? v
Ez: 21811 Njm? v
nu: 0.3 ] i, P ST P
Gy 8.1210 Hjm: v nu, P 3 nu,: &
Gz 8-1=10 L nu, N TR o
Gyz g.1e10 Ifmn? [vl
Specific weight: |75300 Mirmn® [Vl [ [8]1 ” Zancel ]

| wok || ¢ cancel | | 4 ore.. |

Materials

There is a wide library of materials available to choose in RamSeries

Properties p Materials

The properties of these materials can also be edited.

These materials are the ones which can be chosen in the different Beams, Cables, Shells,

Membranes and Solids Properties windows.

Load cases

Compass Ingenieria y Sistemas - http://www.compassis.com




CdM PASS RamSeries

www.compassis.com

Simple load cases

One load case is a group of one ore more loads assigned to entities. When a new model is
defined in RamSeries, a default load case, called Load case 1, is defined. It is possible to
rename this load case by double-clicking on the Load case label; it is also possible to define
new ones by using the right-click on one of the load cases labels in the tree and choosing the
'Copy' option, or right-click on the 'Loadcases' label and ‘Create new Loadcase’.

When a load is assigned to one or several entities, this load is inserted inside the load case
that is currently active.

If combined load cases are not defined, RamSeries calculates just one analysis that is
equivalent to that of all the loads belonging to one load case.

Combined load cases

Combined load cases are defined in the load cases window

One default combined load case is already existent. To create more, press right mouse button
over the existent combined load case hame. A menu appears that offers several options.

One factor must be entered for every simple load case. This factor will multiply the load in
order to create the combined load case. In the post-processing part, after the analysis, there
will be one different result for every combined load case. Enter value order to deactivate that
load case.

The field ELU does not modify the strengths result of the analysis. It is only considered in the
concrete section dimension. Its meaning is:

° If it is activated, the combined load case is used for calculating the section to collapse.
Typically, magnifying factors are bigger than 1.0

* If it is not activated, the combined load case is used for calculating the section in service.
Typically, magnifying factors are 1.0

LoadCase Properties

loadcase properties
LoadZase properties

Common LoadZase

[ ] LoadCase For center of gravity

| & O || » Cancel

This options are available by doble-clicking on each Loadcase name, and indicate whether the
load case is a "normal" one, used for applying loads, or if by contrary, will only be used for
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calculating the center of gravity, weight and other properties of the structure (inertia, totoal
weight and radii of gyration).

Waves data

When Naval (or Yacht) option is activated, it is possible to define wave loads (Morison).
Furthermore, it si possible to define a different set of wave characteristics for each Loadcase.

‘Wave Definition & Spectrum Data 1
Problem Description
MsL {my (0.0
Bathymetry | Infinite [v]
Depth (m)
\Wave Environment
Wave Theory Stokes_Sth [v]
“Wave Spectrum Type Pearson_Moskowit [\r]
Amplitude {m})
Petiod (s)
Direction {deg)
Mean Wave Period (s) 1.0

Signif, Wave Height (m) 0.0

Shortest: Period {g) 1.0
Longest Period {5) 2.0
Num, of Waves Periods 1.0
Lower Direction {deq) 0.0
Upper Direction {deg) 0.0

Corresponding Loadcase Mame

Static loads

When a static load is assigned to entities, it is automatically inserted in the active load case.
See the load cases section for details.

Point load

This is a load applied to one point of the structure. Default units are Newtons for the force
components and Newton-meter for the momentum components. Sign of the components is
equal to that defined for the constraints. 3D solids loads have only three components.

Self weight load

If this condition is applied to a beam, shell element or solid element, the load due to its
self-weight is applied, based on the specific weight and other parameters described in the
properties.

This condition can be applied to either lines for beams, surfaces for shells and volumes for the
solid analysis.

Beam Pressure load
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There are three types of pressure loads for beams:

1 Global beam load
2 Global projected beam load
3 Local beam load

In all the cases the pressure applied is given in Newton/meter in default units. In the global
load, the load is given related to the global axes. The global projected load is given also in
global axes but the length considered of the beam is orthogonal to the load. Local load is
related to the local axes defined in the properties section. A load of (0,0,-P) N/m in either
case would be (for a beam of length L):

B e o e e s s
L

Global load Total force: (0,0,GRebjl projected load Total forcecaldmmdpP-Tetakforce: (P-L-sin,0,-P-L-cos)

In the Local beam load there is an additional field that is the local torque momentum.

Shell Pressure load
There are five types of surface loads for shells:

1 Global shell load

2 Global projected shell load
3 Local shell load

4 Triangular load

5 Hydrostatic load

In all the cases the pressure applied is given in Newton/meter2 in default units. In the global
load, the load is given related to the global axes. The global projected load is given also in
global axes but the area considered of the shell is orthogonal to the load. Local load is related
to the local axes defined in the properties section. A load of (0,0,-P) N/m2 in either case
would be (for a shell of length L and width W):
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l/lllﬂl/lliﬂ
s ) ]

Global load Total force: (0,0, Hdb% projected load Total fotaera(Oo@d PTlot@sfavde: (P-L-sin-W,0,-P-L-cos-W)

Triangular load is like a Global shell load but with a triangular variation in its values. It is
defined by two points, given by its coordinates, and pressure values associated to each one of
these points. The pressure assigned to the elements that project between the points is a
linear interpolation between the two values. The elements that project outside have a
pressure value of zero.

Example:

P1 A
10
Point 1: 0,10,0Pressure 1: P1,0,0Point 2: 0,0,0Pressure 2: P2,0,0

P2 x
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10

Gravity: 0,-1,0Ref coordinate: 10

Hydrostatic load is defined related to the gravity direction entered in the problem data
section. The reference coordinate is related to that direction. Self-weight water is given, in
default units as N/m3.

Note that the direction of the acting pressure will be the normal to the surface on which it is
applied, but the the sense will be the opposite to that of this normal to the surface.

Shell Boundary Pressure load

With this condition it is possible to apply a pressure to a line that is a boundary of a shell
surface. The pressure is given in default units in N/m. If the local axes field is set to Global,
the pressure vector is given related to the global axes. Option Automatic permits to define
an automatic local axes system that is different for every element. Pressure vector will be
related to these axes. This last option is useful to assign a local pressure to the boundary of
the shell. Check:

Data p» Local axes »p Surfaces »p Draw

to see the automatic local axes defined.

Triangular and hydrostatic face load are defined equal to the ones in shell surface loads.

Solid Surface load
There are five types of surface loads for solids:

1 Global pressure load

2 Global projected pressure load
3 Local pressure load

4 Triangular load

5 Hydrostatic load
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In all the cases the pressure applied is given in Newton/meter2 in default units. In the global
load, the load is given related to the global axes. The global projected load is given also in
global axes but the area considered of the contour of the solid is orthogonal to the load. Local
load has only one component and it is the normal pressure to the contour surface. Its value is
positive when the pressure points inwards the volume. A load of (0,0,-P) N/m2 in either case
would be (for a solid contour surface of length L and width W):

Note: In the local load the value would be +P

[ /¢ /
Y v v v v v v
z Positive value
bl

Global load Total force: (0,0, & db#l projected load Total fotara(0p@d Pllotisfavge: (P-L-sin-W,0,-P-L-cos-W)

Triangular and hydrostatic loads are defined equal to the ones in shell surface loads.

Thermal strain load

It is possible to define for every beam, shell or solid, a load due to changes in temperature.
The values to enter are:

* Alpha (a): The constant expressed in 1/°C (Celsius degrees)
* Delta T (AT): Temperature increment in Celsius degrees.
The deformation added to the beam, shell or solid, is: € = a - AT

Strain load

It is possible to define for every beam, shell or solid, a load due to linear changes in certain
magnitude. The values to enter are:

* Alpha (a): The constant expressed in 1/AU
* Delta U (AU): Magnitude increment.
The deformation added to the beam, shell or solid is: € = a - AU

SeaFEM waves load (static)

Allows to use as a pressure load the result of a previously calculated SeaFEM analysis (Input
file), at a certain Time step.

This load applies over shell elements.
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Apply Seakeeping waves load

Time skep: 0.0 g [v]
Input File: D
Edic |

Group: [V] %, Select
v

Tdyn pressure load (static)

Allows to use as a pressure load the result of a previously calculated Tdyn analysis (Input
file), at a certain Time step.

This load applies over shell elements.

apply Tdyn pressure load

Tirne step: (0.0 s [v]
Input File: D
Edic |

Group: [*""’] %, Select
v

Tdyn thermal load (static)

Allows to use the result of a previously calculated Tdyn heat transfer analysis (Input file), at
a certain Time step, to create a thermo-mechanical strain.

This load applies over solid elements.
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apply Tdyn thermal load

a: 0.000012 1/8K ™

To: 0.0 K ™

Time step: (0.0 5 M

Input File: [
Edic |

Group: [‘“’] %, Select
v

Tdyn strain (static)

Allows to use the result of a previously calculated Tdyn URSOLVER analysis (Input file), at a
certain Time step, to create a mechanical strain.

This load applies over solid elements.

apply Tdyn skrain

Tirne skep: 0.0 s [v]
Input File: D
Edit |

aroup: ["""’] %, Select
v

Dynamic loads

When a dynamic load is assigned to an entity (point., line or area), it is automatically added
to the active load case inserted in the active load case. See the load cases section for details.
Each type of dynamic load has loads have the following options:

Amplitudes: Indicate the amplitude of the dynamic loads.

Parameters: Define the time variation of the dynamic loads variation in time of the dynamic
loads.
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e Create function for Fac e
Function wariables
|:| Function on geametry
[+] Function on tirne Sinusaidal load |v
| Factor=f1[t)
Sinusaidal load
Amplitude [4): 1.0 T=(2'n)fuw
Circular frequency [w): 31416 rad 'vi
Phase angle []: 0.0 - rad V|
Iritial time [t0) 0.0 s lv|
End time (1) 00 s vl
f[t]=dv ginfo 4]
[ Ok ] [ Apply ] l Delete ] l Cancel ]
=1, NEE i ‘ ~F
¥ Create function for Fac o

Function variables

D Funckion on geametry

Function on time

Interpolation function at t |v

| Factar=f1{t)

Interpolation Funckion at

tg] Factar data entry
() 5ingle walue () Linear ramp tunits: | 2 V'
O Equation
i) 0o Factor: 0o
[ Add at end l [ Add before l [ Clear al

[ Ok ][ Apply ][ Delete ][ Cancel ]

The time variation can be defined using harmonic variations (Sine/Cosine load) or by
specifying discrete values in form of a table (Table).

Dynamic Point load

This is a load applied to one point of the structure. The default unit is Newton Default units
are Newtons for the force components and Newton-meter for the momentum components.
The signs of the components follow the rule established for the constraints. Sign of the
components is equal to that defined for the constraints.

Beam pressure load
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There are two types of pressure loads for beams:

1 Dynamic global beam load
2 Dynamic local beam load
In all the cases the applied pressure is by default specified in Newton/meter. pressure applied
is given in Newton/meter in default units. The global load is specified in global coordinates. In
the global load, the load is given related to the global axes. The local load is specified in the
local coordinates defined in the properties section. Local load is related to the local axes
defined in the properties section. A load of (0,0,-P(t) ) N/m would take on the following form
for each case respectively (considering a beam of length L): in either case would be (for a
beam of length L):

The dynamic local beam load has an additional field for the local moment of torque. In the
Dynamic local beam load there is an additional field that is the local torque momentum.

Dynamic shell surface load
There are five types of surface loads for shells:

1 Dynamic global shell load
2 Dynamic local shell load

In all cases the applied pressure is by default specified in given in Newton/meter2 in default
units. The global load is specified in global coordinates. In the global load, the load is given
related to the global axes. The local load is specified in the local coordinates defined in the
properties section. Local load is related to the local axes defined in the properties section. A
load of (0,0,-P(t) ) N/m2 would take on the following form for each case respectively
(considering a shell of length L and width W) in either case would be (for a shell of length L
and width W):
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Local load Total force: (P(t)-L-sin-W,0,-P(t)-L-cos-W)
Global load Total force: (0,0,-P(t)-L-W)

Dynamic Contour Pressure load

With this condition it is possible to apply a dynamical pressure to a line that forms a boundary
of a shell surface. The pressure is by default given in N/m. If the local axes field is set to
Global, the pressure vector is specified according to the global axes. Option
Automatic permits the definition of an automatic local axes system that is different for every
element. The pressure vector will refer to these axes. This last option is useful to assign a
local pressure to the boundary of the shell. See:

Data p Local axes »p Surfaces »p Draw

to see how the automatic local axes are defined.

SeaFEM waves load (dynamic)

Allows to use as a time variable pressure load the result of a previously calculated SeaFEM
analysis (Input file).

This load applies over shell elements.

apply Seakeeping waves load
Input File: D

Edic |

Group: [""‘*] %, Select
v

Tdyn pressure load (dynamic)

Allows to use as a time variable pressure load the result of a previously calculated Tdyn
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analysis (Input file).

This load applies over shell elements.
Apply Tdyn pressure load
Input File:

Edic |

GEroup:

Tdyn thermal load (dynamic)

Spe

Allows to use the result of a previously calculated Tdyn time variable heat transfer analysis
(Input file), to create a thermo-mechanical strain.

This load applies over solid elements.

apply Tdyn thermal load

a: 0.000012
T 0.0
Input File:
Edit |
GEroup:
L7

Tdyn strain (dynamic)

S

Allows to use the result of a previously calculated Tdyn time variable URSOLVER analysis

(Input file), to create a mechanical strain.

This load applies over solid elements.
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apply Tdyn skrain
Input File: D

Edic |

Group: [V] %, Select
v

Morison load

Apply Morison loads

fxis Dir, = 1]
fxis Dir, ¥ 1]
fxis Dir, £ 1
Cyl, Diarn.: 1] m [vl

[ ] Coeffs. Definition

Surface Roughness: |0.005

Group: ["’] %, Seleck
v

Results

A reference for all the results that can be displayed is described in this section.

General results

They are applicable to beams, shells and solids

Default units Remarks
Loadcases One for every NONE All results are
comb. loadcase displayed for the

active loadcase
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Displacements Disp_X, Disp_Y, m Absolute
Disp_Z displacements in
|displacements| global axes
Velocities Vel_X, Vel_Y, m/s Absolute velocities
Vel Z in global axes. Only
- available in
|velocities|

Accelerations

Vibrations modes

Reactions

Momentus
reactions

Results in beams

Accel_X, Aceel_Y, m/s”N2

Accel_2Z,
|accelerations|

One for every mode m

XY, Z N

Mx,My, Mz N-m

Local axes and strengths for beams.

Name

Beam
displacements

Beam velocities

Default units

Module m

Module m/s
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dynamic analysis.

Absolute
accelerations in
global axes. Only
available in
dynamic analysis

Absolute
displacements in
global axes. Only
available in
dynamic analysis

They are nodal
vectors

They are nodal
vectors. Not
applicable for solids

Remarks

Absolute
displacements in
global axes

Absolute velocities
in global axes. Only
available in
dynamic analysis
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Beam accelerations Module m/s”N2 Absolute
accelerations in
global axes. Only
available in
dynamic analysis

Axial force N N Axial force in the
beam

Momentum My, Mz N-m Momentum in the
local axes of the
beam

Shear Qy, Qz N Shear strength in
the local axes of
the beam

Torsor T N-m Torsor momentum
in the beam

Beam local axes Strengths are
expressed in these
axes

Steel resistance Non-dimensional A factor, calculated

factor only for profiles of

the steel library,
that means security
if RF < 1 and
non-security for RF
> 1

Sign criteria for Y' momentum is:

Diagram is drawn in the plane X'Z' and in the side of the beam where the traction is. Positive
values of the momentum mean that traction is in the -Z' side (in the negative side of Z').
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Z' momentum is the momentum that rotates around the Z' axe. Sign criteria for Z'
momentum is:

Diagram is drawn in the plane X'Y' and in the side of the beam where the traction is. Positive
values of the momentum mean that traction is in the -Y' side (in the negative side of Y').

Shear in Z' is the shear in the X'Z' plane. Sign criteria is:

View results -> Beam diagrams -> Z' shear

Shear in Y'is the shear in the X'Y' plane. Sign criteria is:

View results -> Beam diagrams -> Y' shear

If more than one load case is selected, there is one special load case, called Min Max, where
some special diagrams for beams are displayed. They show the maximums and minimumes,
for all the load cases, for all the strengths. The result steel resistance factor is also inside
this special load case.

Results in shells

Local axes and strengths for shells

Name Default units Remarks

Compass Ingenieria y Sistemas - http://www.compassis.com




COMPASS

www.compassis.com

RamSeries

Axial force

Momentum

Shear

Main axial force

Main momentus

Shear in main

Strengths

Local axes

NX‘I Ny|, leyl

MX'I Myll Mxlyl

QX'I Qy'

N11, N22

Mi11, M22

ler Qm2

Top and Bottom
and Von Misses

The sign criteria for these strengths is:
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N/m

N-m/m

N/m

N/m

N-m/m

N/m

N/m2

Axial force in all
the shell thickness
per unit width of
the shell

Momentum per unit
width of the shell

Shear strength per
unit width of the
shell

Axial force in
principal axes

Momentus in
principal momentus
axes

Shear in the
principal momentus
axes

Stresses in the top
face and bottom
face for the shell.
Sign criteria is the
same than for
solids. To display
them it is
necessary to
activate one option
in PD

Strengths are
expressed in these
axes
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z
T Oz
[1zy
ZX Oyz
Oxz
dz — Yo
TTAY -
fx dx
Results in solids
Strengths for 3D solids.
Name Default units Remarks
Normal strengths Sx,Sy,Sz N/m2 Also called
o Oo Oo, are the
Xy
stresses for every
global axe
Tangential Txy, Txz, Tyz N/m2 Also called
strengths TXyTXZDTyz
Main stresses Si, Sii, Siii N/m2 Main stresses
expressed in the
main axes
Von Misses N/m2 Scalar value for
every node

The sign criteria for these strengths is:
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dz

Oxz
DAY -
AX dx

Compass Ingenieria y Sistemas - http://www.compassis.com




CdM PASS RamSeries

www.cnmpassis.com

3 Appendixes

Appendix 1: Graphics of results depending on the number of nodes

These graphics compares the analytical solution of the classical problem of a thin square
plate with different types of loads. The variable compared is the displacement of the center of
the plate. Wt is the theoretical value and Wsem is the result of the finite element analysis for
different meshes.

The 6-noded Reissner-Mindlin element is the type of element used in RamSeries. The TCCL is
another element type used as a test.

Square plate with uniform load

The load is uniformly distributed all over the plate. As there is symmetry, only one fourth of
the plate is analyzed.

The ratio span/thickness is 1000.

Square plate with uniform load

L/t=1000

1.15 7

1.1 .\\

1.05 \\“*H=H“___ﬁ__k___g_ﬁ_g_ﬂ

1
g /l-

0.95

0.9

0.85 T T 1

0 500 1000 1500
N°® of nodes
‘ - TCCL " Reissner-Mindlin ‘

Note: The element called Reissner-Mindlin is the 6-noded triangle implemented in
RamSeries.

Square plate with punctual load

The load is punctual in the center of the plate. As there is symmetry, only one fourth of the
plate is analyzed.

The ratio span/thickness is 1000.
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Square plate with punctual load

Lit=1000
1.150 \
1.100 \\

1.050 By
1.000 e

0.950

Wfem/Wt

0.%00

0.850 T 1
0 500 1000 1500

N® nodos

|+TC CL = Reissner-Mindlin |

Note: The element called Reissner-Mindlin is the 6-noded triangle implemented in
RamSeries.

Beam analyzed as solid 3D

The maximum displacement of the solid is compared with the solution of the beam. Take into
account that the 3D solution may be more precise than the simplified beam solution.
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Appendix 2: Theory of beam analysis

In this part a brief theory of the analysis of the beams is given. Its purpose is to explain
what RamSeries does and not how the program does it.

Basic assumptions

The basic assumptions that are assumed by RamSeries for the beam analysis are the
following:

P2

P1 > \ A
P2:-00 << P1-L

1 Small displacements
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2 Lineal elasticity of the materials
3 Superposition of loads (Consequence of point 2)
4 Shear deformation is not considered for beams

5 Simple torsion
I

M, - —a
L
Appendix 3: Theory of shell analysis

In this part a brief theory of the analysis of the shells is given. Its purpose is to explain what
RamSeries does and not how the program does it.

Basic assumptions

The basic assumptions that are assumed by RamSeries for the shell analysis are the

following:
P2
O
2t P2.-0 << P1.L
1 Small displacements
2 Lineal elasticity of the materials
3 Superposition of loads (Consequence of point 2)
4 Shear deformation is considered for shells
v
z' Shell element

Medium plane

\
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The analysis of shells is based on simplifying the representation of a real solid, with one of its
dimensions much smaller than the other two, with its medium plane.

The Reissner-Mindlin hypothesis:

5 All the points belonging to one normal to the medium plane have the same vertical
displacement (in z' sense).

6 Normal stress o5 is negligible.

7 The points that before the deformation belonged to one normal to the medium plane, after
deformation continue belonging to one straight line, not being this, necessarily, orthogonal
to the deformed medium plane.

From these assumptions it is possible to extract the following equations:

[ L
1 - &
lr an' 'I : ax
rE. -l | ax' | | zlaa .
aw' - \
e e
Lo b I am a8
| |_|au', av' | -2 +
| + | 1 ay' ax'
Ll ey ax
. I 0 || -8,
I.' J | | | ax
awr'
I. u J | S
[
where
lki'l 1I'J.H 1‘#”‘“ '\."p'u

are the 5 degrees of freedom that, adding the 6t degree ® | that comes from joining the
shells in the space, give the total 6 degrees of freedom that every node has.

fo 1 M
] K
S e
LT N
. | L0 Dy,
15 |’
L® s L
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[ E. « E 0
1
D' - :\.l B E 0
l—w  w
1] 0 Ig'_"".."" G
[l 1
B o= |

where a is the coefficient to correct the transversal tangential work.

From here it is possible to define the strengths on the shell, which are defined as:

[N [e.
| | | |
| |7
B e |
| | | |
| | | |
| nx | e
e T
| M| L ge
v | lge |
| |5
| | | |
| | | |
| | | |
| a. | <. ]

-EI.EI

T
'3

where t is the thickness of the shell.

Appendix 4: Theory of 3D solid analysis

This section gives a brief summary of the theory of the analysis of solids. Its purpose is to
explain what RamSeries does and not how the program does it.

Basic assumptions

The basic assumptions that are assumed by RamSeries for the solid analysis are the
following:
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P2
O
2 P2-0 << P1-L
1 Small displacements
2 Lineal elasticity of the materials
3 Superposition of loads (Consequence of point 2)
[e ] [«
I':r I I .
[~ =] ([
le | | =
I | = D I?
[ o | | ¥ =
| ¢ L I | - L
I I I
|_T- 'h.-'J |_-‘I ¥
The basic equation that these hypothesis define is:
|r1 hd hd 0 0 0
(1= (1=
I L
| 1 0 0
| il—w]
o | 1 0 0 0
- &: 1- 2w 0 0
[1+-.-Il—2-.-]I N |
I : _ 1- N
: = 2(1-v )
| 1- 2w
| 2l - )

Appendix 5: Theory of dynamic analysis

This section gives a brief summary of the theory of dynamic analysis of structures.

Modal Analysis
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In dynamic analysis, the system of equations corresponding to a structure with n degrees of
freedom is:

MD +CD+ KD = Pt

The corresponding free vibrations not dampened by the structural model are described by the
following system of equations:

MD + KD -

which corresponds to n eigenfrequencies and n eigenvectors. These are the solutions to the
following homogeneous system of equations:

- M + K )=

These eigenvectors are called modal forms and are orthogonal to the mass matrix and the
stiffness matrix.

Forming a complete base
0 -fp .9, .9,

, can be written

D=5 ¥t
where ¥ (tis a scalar function of time, called generalized coordinate.

Using the previous expressions and taking the orthogonality properties into account, we can
transform one system with n degrees of freedom into a system of n equations with one
degree of freedom each:

My®+Cy®+Ky t)=o P

where :
M -9 Mg
C =9, Co,
E -2 K¢

Direct integration

The direct integration methods seek the history of the dynamic response in time. The
response is not obtained in continuous form but rather for a predetermined series of points in
time ¢;.

One of the most popular direct integration methods is the Newmark method. Starting-point is
the governing equation of a structure with various degrees of freedom:
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MD +CD+ KD = Pt

For time t=t;, this equation takes on the following form:

MB +CDH_ +KD =P

The velocity and the acceleration are expressed as follows:

1 1
B -—[® - -0 at]-|—-1{D
pat” lp
D -—@O -D ]+[1-l]n +[1-L]nn
' pat ' B ' 1p
Substituting these expressions into the equation of motion, we obtain
iy - P
where,
H-K+ M+ —C
B At B At
[ 1 1 1 1
f..-P..+M| D+ b o+ —111||
[pat Fat 1p |
[y T 7 1
+ O D+ —-1|D + -1latD |
| Pat B 2p ]

Usually the initial conditions are that the structure possesses neither displacement nor
velocity.

Spectrum analysis

Spectrum analysis is used when the dynamic action causes seismic movement at the base of
the foundation. In this case, the decoupled motion equation for each mode is expressed as:
, , , ¢ NI
My t)+C y @)+E Yy () =m=-———a(
¢, Mg

where & (1 is the seismic acceleration.

This equation can also be resolved using the response spectra. In this case, only the
maximum response of the structure is obtained. If a maximum acceleration of

-5

mas

fat)
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is assumed for the previous equation, it is evident that the maximum response acceleration of

the system would amount to
T

g NI
-—{sﬂp

v, ® ,
mas * M*

As a consequence, the maximum displacement is:

o MI (5 )

by @] -

111224

IpIIwaI H-

Using this answer, we can calculate the maximum displacements in all of the nodes for mode
js

(D]
. :D': ¢ MIF (5 ) (5,)
D= -¢.|2v'.'it?'|, -, = A, —
| : e p My o I
[.]

where A s the vector of the modal participation coefficients corresponding to mode j of the

vibration. Supposing that for each degree of freedom the maximum response does not occur
at the same instant in each mode, the maximum response of the structure will not be equal
to the sum of the maxim corresponding to each mode:

q
I' L - E I'l
|

Different formulas for finding the value of D through I ,have been proposed. The most

simple and at the same time most used is that which establishes that the response is equal to
the square root of the sum of the squares of the modal responses. .

muas

As for the stresses, reactions, and in general any response R which is to be determined, we
get analogously:

-
mas

Appendix 6: Theory of nonlinear analysis

This section gives a brief summary of the theory of nonlinear analysis of solid and structures.
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Several aspects related to the resolution of a nonlinear equations system are commented.
Typical nonlinear constitutive models for metals like J2 plasticity are briefly explained. Some
aspects of contact-impact problem are commented.

Nonlinear equations systems

The strategies of resolution of a nonlinear equations system are related with the
decomposition of it in several linear systems each of them are solved with the known
methods.

A very known strategy of resolution of nonlinear equations systems is the Newton-Raphson
methods. In this method an incremental-iterative scheme is utilised. The total load is
decomposed in several increments. For each increment an iterative procedure is performed
until the convergence criteria is obtained.

There are several methods to control the following of the load-displacement curve of the
structure. Each one of these methods control different parameters like load, displacement or
arc-length increments.

Some advances procedures like line search, automatic incrementation or automatic
arc-length switch in order to improve the speed of calculations can be applied.

Deeper explanations can be found in Bathe (1996), Crisfield (1991).

J2 plasticity

The ]2 plasticity are based in the following considerations:

i-) Additive decomposition of the strain tensor. One assumes that the strain tensor € is
decomposed into an elastic and plastic part, denoted by €and &P respectively, according to
the relationship.

e=e + €

ii=) Elastic stress response. The stress tensor o is related to the elastic strain by means of a
stored-energy function W according to the relationship o=9W/&®

For linearized elasticity, W is a quadratic form in the elastic strain, i.e. W= 1/2 €%: C :€F,
where C is the tensor of elastic moduli which is assumed constant. Then the stress tensor is
written 0=C :(&-€P).

ifi=) Yield condition. We define a function f(o,q) called yield criterion where q is a vector of
internal variables. The admissible states { 0,q} are constraint by f(o,q)<0.
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A choice of internal variables which is typically of metal plasticity is q={ §, B}. Here, § is the
equivalent plastic strain that defines isotropic hardening of the Von Mises yield surface, and
B defines the center of the Von Mises yield surface in stress deviator space. The resulting
J2-plasticity model has the following yield condition:

n=dev [o]-B, tr[B]=0

f(o,q)=vn'n - vV2/3 K(§)

iv=) Flow rule and hardening law. The flow rule and hardening law for a J2-plasticity model
are:

deP=y n/ vn-n
dB=y 2/3 H(§) n/ Vn-n

dg=y v2/3

Further explanations can be found in Simo and Hughes (1997)
Contact-impact

The contact-impact problem is a typical nonlinear analysis of boundary conditions. There are
two general approaches to solve the problem: the penalty method and the augmented
Lagrangian method. In RamSeries program a simple variant the penalty method is utilised.
The idea is to simulate the contact by the use of contact element of very high stiff (penalty)
that began to be active when any small penetration is achieved.

Compass Ingenieria y Sistemas - http://www.compassis.com




CdM PASS RamSeries

www.compassis.com

Contact

elements

Appendix 7: Wave theory

In this part a brief theory of the analysis of wave pressures on shells is given. Its purpose is
to explain what RamSeries does and not how the program does it.

Potential flow for waves

A linearized model for the waves can be used for calculating de total force induced by the
potential flow, as the integral of the pressure field.

Z

Equation of Continuity:
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Dp+p-‘-?.r=ﬂ

As the fluid considered is a liquid, it can be assumed p=constant, and thus:

Ax, Az _o

.D. R —_—
. &

Balance of momentum:
of_del) o - - — =
e LivoTeF=p [ -Vp+7T
T Z |2 I=2- f.—%p

Assuming p=constant, and neglecting viscous effects (rotationally movement), the previous

equations result as:

DIx &
’ﬂDr_ &

DIz &
or TR T

For solving these equations the boundary conditions to consider are:

l Patm

e

Zaap Hbre=xnxt)

Velocity normal to the surface equal to zero, and tangent velocity non-zero:

Dt g S8, 532y
Dt X
Calling:

The momentum equations result:
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dx 147 1a
R o &
Az 17 _ 1

Momentum equation now reduces to Bernoulli equation, taken a constant C as integration
constant.

IR,
TeTETS A

w e

For integration, imposing the boundary conditions, the problem simplifies:

* Interior:
Vig=0
i - 'ﬁp
£= P —_ g_- —_——
2 Q a
* Bottom (z=-d):
° Free surface (z=0):
on_a
a &
a9
= En

A solution for the Laplace problem of the type ®=f(z).g(x) can be found:
cosh) kd | 1+=|]

i . d-'.-" . L

-ginld-x — @t

¢ 2 coshik-d)

With:
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* K=L/2n ; wave number
* w ; angular frequence
* w? = K.g.tanh(K.d)

In our particular case, the expression that seems to suit better for the pressures created by
the wave over the ship s hull is:

.‘q.EL-I.-'EE?EKE

1 . . :
Plz.x)= Py — pgz — 2P + pgAe™® cos (K{z — xq))

z" coordinates will be negative in this case (i.e. the reference system origin is the wave
surface, with the Z axis pointing downwards).

Appendix 8: Composite materials Theory

Composite sheet concept

In Composite material built structures, the basic unit of the whole laminate is the sheet. The
three most frequent composite sheets are:

* Unidirectional sheet: All fibers are oriented in the same direction. Transversal isotropy is
considered for this kind of sheet (same properties in all directions contained in a plane
orthogonal to the fiber's plane).

* Roving sheet: All fibers oriented in two orthogonal directions. The longitudinal fibers are
crisscrossed with the transversal ones. 50% of the fibers can be oriented in each direction
(equilibrated roving laminate), or there can be more fibers in one direction than in the
other (non-equilibrated roving laminate). Orthotropy is considered for this kind of sheet.

* Mat sheet: It is made of small cut fibers, oriented at random. Isotropy is considered
(same properties in all directions) in the sheet plane.

Elastic properties of the composite sheet

E1=VrEr+ (1-Vp.Em.E
Em

(1-v32).(1+0.85.v4)

(1-Val? + (Em/Ep.Vi/(1-v5)
1+0.6.VP2°

Eo=

G12=(Gm.

1-Vpl? + vy(1-v3)
vi2=VFrVF+ (1 -Vp.vm
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1 3
E1=E>=V}. (Ef; + EmE) +Em

Em
Gio=—"—""—
4.Vr+1
3
y G12
12=—
Eq
Ce EL + (1‘Ce) ET
Eur=
A
Ce.ET + (1'Ce).ET
tr=
A
VLT
Vur=
Ce + (1'Ce).EL/ET
Gur=GLT
Con:

A=1-VT.VTL

(Nf. Durdimbre

Ce=
(Nf. Durdimbre + (Nf.Dtrama
N
£ --> Number of threads per centimetre
T

--> Thread title (in Tex)

16 8
E1=E>=Vr. (EfE + Em.2) + Emg

G —V(E'2+E£)+Ei

12=Vf. fE m4 m3
ool
12=7
3

Laminate shell concept

The basic configuration of a composite material structure is the sheet. As, in general, the
sheet thickness is very low (0.1 - 1.5 mm) , the used resistant configurations consist of
sequential sheet association, called laminates.

A composite material laminate can work in plane stress or in flexing. For both, the /laminate
shell theory will be applied.
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Laminate shell Theory

The classic laminate shell theory uses the plane deformation components of the
Iaminate:sl,sz y €6 and the curvatures K1,K2 y Kg. It does not consider inter-laminar effects in

the laminate: not the normal inter-laminar deformation €3, neither the inter -laminar shear
deformation components g4 and &s.

Thus, the application of this theory reduces to:

* Structures with small deformations.

* Lineal deformation along the laminate thickness.

* Thin plates. Considering as thin plate, the one that verifies: L/h > 10 . Where "h" is the
total thickness of the shell, and “L" its length.

Formulas and a detailed description of this theory can be found at Reference 7.

TSAI-WU Failure Criteria

The Tsai-Wu failure criterion is very similar to the Hoffman criteria, but has different value for
the coefficient associated with the interaction of the direct stresses. In the Hoffman criterion
it is the same as the coefficient associated with the direct longitudinal stresses. In the
Tsai-Wu criterion, F;> is a term that should be determined from a test which induces a
combined state of stress. Due to the difficulty of configuring such test, some references
suggest setting the value of the term to zero. Tsai recommends an specific relationship with
other coefficients:

Fi2=-0.5.(F11.F22)°">

For the Tsai-Wu criterion:

FI=(F11.0% + Fzz.o% + 2.F12.(01.02) + F56.G%2) + Fi.01 + F.02

Appendix 9: Buckling Analysis in FEA

This appendix provides information about the method implemented in RamSeries for
obtaining the buckling stress and edge ratios for elementary plate panels (EPP) from a finite
element calculation. This method is called "Displacement Method".

This method is taken from Germanischer Lloyd Rules, Chapter 7, Appendix 2 -
"Displacement based buckling assessment in Finite Element Method", (Common Structural
Rules for Bulk Carriers)
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Fir no interpolation will be performed in RamSeries, the nodes of the buckling panel should be
chosen from the FE mesh nodes. Therefore, the displacements will be transferred directly.

* Transformation in local system:
The transformation of the nodal displacements from the global FE-system into the local
system of the buckling panel is performed by:
() = [A]- (ug)

Where:
(u) : Local displacement vector
(ug) : Global displacement vector

[A] : Transformation matrix (2x3), of direction cosines of angles formed between the
two sets of axes.

* Calculation of buckling stresses and edge stress ratios:
The displacements, derived at the corners of the elementary plate panel, are to be
considered as input from which the stresses at certain stress-points are derived. In the
4-node buckling panel these points are identical. The locations and numbering
convention is taken from Figure 1:

-+ i >
4l 3
L ot
L]
b
i)
IL !}2
wj
oix

Figure 1:  4-node buckling panel

The derived stresses at EPP can be directly used as input for the buckling assessment
according to Germanischer Lloyd Rules Ch 6, Sec 3.

° 4-node buckling panel:
Stress displacement relationship for a 4-node buckling panel (compressive stresses
are positive). From the displacements of the EPP corner nodes can be obtained
using:
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a1, (-2/a -Wib 2ia 0 0 0 0 b
c:l';.l -ia -2/b N a 0 0 0 0 2/b
n -m'b —-m'a 1] m/a 0 0 m'b 0 g )
7, 2@ 0  2a -/b 0 b O 0 ||w
Ta, -via 0 va -2 0 2/b 0 0 u,
2. 0 -mia -m'b mia wmib 0 0 0 vy
.;'.r;Jr B 0 0 0 -X»/b 2la MNDb -2a 0 iy
a3y 0 0 0 -2 /e 2/b -ia 0 V3
T 0 0 -m'b 0 m'b mia 0 -mlal||u
e, 0 -ib 0 0 2la 0 -2fa  2vib | | vy,
oL, L 0 2via 0 -Mia b
L Ty ) L —mih 0 0 0 0 mia mb -mla)
Where:
: Length of the longer plate panel sida
b : Length of the shorter plate panel zide
x : Direction parallel to a, taken as the longitudinal direction
¥ : Direction parallsl to b, taken as the transversa direction
Z : Coefficient taken aqual fo:
_ E
21 —vh)
¥ : Poiszon ratio
i : Ceeficient taken equal to:
m=1-v
{ff;‘xﬂ;_p: SPRRE :ET.L :ET.:,_,,: ra,}"' = &T*] - Element stress vector
Wy Vi V) = - Loca 1splacement vector
Gt vyt vy = (@) Local node

k3 3
If both oxand oyare compressive stresses, then Oxand Oymust be obtained as

follows:
o, =, -030,)/091
o, =, -035)/091

Where compressive stress fulfils the condition 0;< 0.3*0;, then oy= 0 and ox= Ox
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Where compressive stress fulfils the condition Ox< 0.3*0y*, then ox= 0 and oy= 0;

This leads to the following stress vector:

I'r':r:l = {ﬁ]x ?':Tl_rl L5 I £ =':T4_|-'= r‘1:]-l.

Finally, the relevant buckling stresses ratios are obtained by:

* LC 1: Longitudinal compression

(ot Ty, Ty, +0, |
e m:_-_ﬂl lx _ iy s - 3u
' = = A
1

L‘I.I:TII = =
=

o, =0, + 0.3 |
W, = 1—|£r;:rl,| o,

(- Ty, T 0y, — T2, + ':T3.'|::|

* LC 2: Transverse compression

4
a, =025 Z a,
jml

AF, = %Ir— ':Tl_y - ':Tq._,..+':rj_y +ﬂ-3_'. JII
g, =0, +0.3ag,|
w, =1-|da|/o,

* LC 3: Shear

i
r=025% |r|
=

Appendix 10: Fatigue Damage Assesment

The main goal of the fatigue oriented design is to assure that the structure under analysis will
have enough resistance when dealing with fatigue, i.e, it has an acceptable fatigue life.

The resistance to fatigue is usually given in terms of S-N graphs, which depend on the
different materials. These graphs show the number of cycles (N) corresponding to a certain
stress range (S).

The design fatigue life for structural components is based on an specified service lifetime. If
this service lifetime is not specified, a 20 year lifetime will be assumed.

Procedure

The contour fill obtained, will be an indication of the fatigue failure risk zones. The failure
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criteria is given by the Normative design requirements. This criteria is:

Dp=1

According to Method 1 of the followed Normative (Reference [11]), the accumulated fatigue
damage level, is:

Dp = DDF-D¢

Being DDF a design factor, given by the following chart:

Table J2 Requirements to design fatigue factors, DFF

) y for Corren Corrosion
Location e repat arrasion allowance 5-N curve DEF
. e andd [protection ) e
coating damages (8} )
Aumospheric zone Yes ﬁf;m"g Ne In air Lo
Yes Combination of 2.0
Splash zone o1 13 Yes curves marked “air”
(5) No Coating (2)(3) (6) and “free carrosion” 30
8
Yes .
Submerged zone No Cathodic protec No
and eptional ¢ m[mg -
Scour zone No 2114 - 30
Below seabed Ne None No b seawans 30
Yes Cathodic protection, 2
Closed compartments o es (1)
with seawater No ! 3.0

1) Coating for structures above the splash zone shall be a high .m:hl\ multilayer coating in accordance with corrosivity category C3M in IS0 12944,

Coating for structures in the splash zone and below the splash zone shall be taken as for (1) and shall furthermore be qu
cathadic pratection systems. Selection and qualification of coating systems shall include cansideration of all conditions reley
installation.

ar compatibility with
for necessary repairafier
3)  Coating shall be selected with due consideration of loads from impacts from serviee vessels and floating ice
4)  Below the splash z
growth, How

ting is considered optional. Coating ean provide s reliable carrasion protection and can be designed such as toeduce maring
cai he damaged duing Inspection 2l maINiEnanCE Sesslans wheR: Marine growth 5 remaved

according to Sec.11 B200.

5 Splash zane
6) Th arramar\:ll:v\\

the splash zone shall be se
tion and repair straiegy. In the N
is 6 mm. A carrosion allowans

ed in accordance withthe corrasion mte for the structural steel in seawater and in accardance
3 rrosion allowarnce for coated primary steel structure lanned coating repair
2 mm s recommended for replacea

i cathodic protection might not be full and anacrobic carrasion might occur. For typical North Sea conditions it is recom-
£ witha carrosion llowance of 3 mmin the scour zane

In the scour zom
mended to

8§ I = for inspection andrepair of initial fatigue damage and coating this must be documented through qual-
3 Sac.

10) The corrosion allowance shall be considered in all limi
that corresponds to hak the allowance over the full sen

11} The corrosion allowance for closed compartments with seawater shall be established from experience data on a case to case basis,

nalyses. Fatigu

lculations can be based on a steel wall thickness equal to the thickness

12) Biocides and scavengers can reduce corrosion in ¢losed compartments.

Dc is the charateristic accumulated damage which is given by the following expression:

Where;

* I = Number of stress ranges blocks ©j=SCF:AGnhominal). This blocks have
been associated with the combined load cases, specifically identified for being
used in fatigue assesment. The maximum stress is calculated in each mesh
node, for each block, and it is used as Ag;.

nc,i = Number of load cycles in block "i". This number is inserted by the user,
and there is one for each combined load case.

* Nc¢,i = Number of load cycles to failure, for each stress range Awoj, given for

the corresponding S-N curve.
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The stress range blocks are combined loadcases designed by the user for being specifically
used in the fatigue assesment.

S-N curves

For structural steel, the S-N curve used is the following:

log1o0(N) = logioa - m'|°910(A°' (Lf)k)
re

Where:

* N = Number of cycles to failure, for a given stresses range (Ao =
SCF-Ac ).

nominal
* SCF= Stress Concentration Factor
t = Thickness through which a crack will most likely grow. t = t.of is used for t <

tref.
tref = Reference thickness: tref = 32 mm for tubular joints, trer = 25 mm for

welded connections other than tubular joints.
m, k, logipa = given by the followin table:

Table J1 8N curves for most frequently used structural details
Environment
Structural detail In air In seawater with corrosion profeciion Free corrosion
loga m | Range of validity K loga m_| Range of validity & lnga m |k
Weld in tubular ioint 12164 |3 N <107 025 |[11.764 |3 |[N<1DF 023 |11.687 |3 |[0.25
s 15606 |5 |N=107 025 15606 |5 [N 10f 025
Butt weld and wbular 12164 |3 N =107 020 11764 |3 [N<10f 020 |11.687 |3 (0.20
girth weld, weld we (1} 15606 |5 [N=107 020 |15606 |5 N> 108 0.20
B_ul'[ \\eldand[ubular_ _ 11,835 [3 N <107 025 |11.435 |3 [N=<10f 025 |11.378 |3 |0.23
girth weld, weld root () 15091 |5 [N>107 025 [15.091 |5 |N=10F 025
12,010 (3 N <107 020 |11.610 |3 [N<I10f 020 |11.5333 |3 (020
L < 50 mm L <350 mm
15350 (3 N> 107 020 |15350 (5 |N=10% 0.20
L < 50 mm L < 50 mm
11,855 [3 N <107 025 |11.455 (3 [N<10f 025 |11.378 |3 |0.23
50 mm< L < 120 mm S0mm<L <120 mm
Noen-load carrving 15051 |3 N 107 025 15081 |5 [N=10¢ 025
welded attachments of S0 mm<L <120 mm 50 mm=<L< 120 mm
length L in main stress 11,699 (3 N <107 025 {11288 (3 |N<10f 025 |11.222 |3 [0.325
direction 120 mm < L <300 mm 120 mm < L < 300 mm
14832 |3 N =107 025 |14832 |5 |N=10¢ 0.25
120 mim < L < 300 mim 120 mim < L < 300 mim
11.346 |3 N <107 025 |11.146 |3 [N =< 10f 025 |11.068 |3 |0.25
L > 300 mm L > 300 mim
14576 (3 N> 107 025 |14.576 |5 N> 10¢ 0.25
L > 300 mm L > 300 mm
1)  Far girth welds welded from both sides, the 8-N curves for the weld toe apply at both sides. For girth welds welded from one side only, the 3-N curves
fr the weld toe position apply to the side from which the weld has been welded up, and the 5-N curves for the weld root apply o the other side.
2)  Transverse butt weld on a temporary or permanent backing strip without fillet welds.

Appendix 11: Coupled Analyses

Coupling data

In this section, analysis data necessary for performing a coupled simulation (either with
SeaFEM or with Tdyn) can be inserted.

Compass Ingenieria y Sistemas - http://www.compassis.com




CdM PASS RamSeries

www.compassis.com

-
= 4} Simulation data o

- 4k Simulation type: Coupled Seakeeping-Structural Analysis
b & Units
b & Gravity
‘? D Coupling data
a0l s
[ mumber of steps: 10
2] Max FSI iterations: 1
L [CJFSI talerance: 0,005
- Structural data #
b El General data
|> ’_5,' Constraints

B [\ Dyvriamic conditions [v]
Coupling data
At 0.01 s |

Murber of skeps: |10
Max F3I iberations: |1

Fal talerance: 0,005

| wox || X cancel |

Coupling data (Seakeeping/structural)

=
- -'- Simulation data ~
> -'- Simulation type: Multiphysics Analysis
b & Urits
b & | Gravicy
< D Coupling data
At 001 s
: [ Mumber of steps: 10
] Result: Pressure_(Pa)
(] Iitial time: 0,05
> [ Two-way coupling: no
> (1] Max FSI iberations: 1

[ FSI talerance: 0.005 [v]
Coupling data
Ak 0.01 s ]
Mumber of steps: |10
Result: Pressure_(Pa) [v]
Initial time: 0.0 E ]

[ Two-way coupling
Max F3I iterations: |1

FSI kolerance: 0.005

[ e ][xcance|]

Coupling data (Multiphysics Analysis)

* At: Is the time step that will be used for the simulation. Please note that this time step
will be used for both structural and multiphysics (or seakeeping) analysis.
°* Number of steps: Total number of steps for the simulation. The total physical time of the
analysis will be the number of steps times the time step.
* Result (only for Multiphysics coupled analysis): Allows to choose which result from Tdyn
will be transferred to RamSeries for the coupling. Available results are:
-Pressure (Pa)

-Traction (Pa)
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-Variablel (U)

* Initial time (only for Multiphysics coupled analysis): Time from which the coupling will
start. For example, Tdyn may run alone until a certain time (initial time), and then start to
couple with RamSeries.

* Two-way coupling (only for Multiphysics coupled analysis): Indicates if mesh
deformation is sent to Tdyn or not.

° Max FSI iterations: Maximum number of equilibrium iterations with Tdyn (or SeaFEM)
within one time step.

* FSI tolerance: Relative tolerance of displacement increment between two iterations for
structural part convergence of coupled equilibrium with Tdyn (or SeaFEM).

Coupled Analyses with Tdyn

When performing coupled analyses with Tdyn, it is necessary to assign an specific condition
which will transfer the load from the fluid to the structure.
This can be done assigning the following load:

Structural loads » Loadcase # p Shells/Solids p» Coupling pressure load

- mStructuraI loads
= mCDmhined L
%-ﬂmadcase 1
[:r ﬂLDadCase properties
> ﬂF‘unctuaI load
[:r ﬂﬁeams and cables
‘I? ﬂShEIIs and rnembranes
= mPressure load
> mEDundaw pressure load
> .NEE!": weight load
> mThermaI skrain load
5 > mStrain load
.“Cu:nupling pressure load

Coupled Analyses with SeaFEM

When performing coupled analyses with SeaFEM, it is necessary to assign an specific
condition which will transfer the load from the fluid to the structure.

This can be done assigning the following loads:

* For body coupling (RamSeries solves the rigid body movement dynamics)
Structural loads » Loadcase # » Shells/Solids » Body coupling load
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* For HFS coupling (SeaFEM solves the rigid body movement dynamics)

Structural loads » Loadcase # p Shells/Solids » HFS coupling load

- ﬂLDadcases
- .NC:::mI:uine::I LiZ
Ti?-.WLnadn:ase 1

[} .wLDad':EISE-' properties

> mPunctuaI load

IE} ﬂﬁeams and cables
= mShells and membranes
- ﬂPressure load
ﬂEDundary pressure load
.NSE-'": weight load
ﬂThermaI strain load
ﬂStrain load
ﬂEh:u:I':.-' coupling load
ﬂHFS coupling load

Appendix 12: Stiffened Shell model

This model allows to use shell which is equivalent to a shell with beam elements, acting as
stiffeners.

Inertia of the stiffened section

The following mechanical properties of the system can be obtained from the stiffener and the
attatched shell data:

Inertia of the system respect to an axis passing at mid-plane of the shell:

2 2
Ino = Ash Zsh + Ast Zstlgstiff + IGshell

Agsh =c-h : Transversal area of the shell.

Ast : Transversal area of the stiffener.

Zsh = h/2

h : Shell thickness.

hgst : height of the stiffener center of gravity respecto to its bottom.

zst = hgst + h/2: height of the stiffener center of gravity respect to the mid-plane of
the shell.

Igstiff : Inertia of the stiffener respect to its center of gravity.

IGshel = 1/12-c-h3 : Inertia of the shell respect to its center of gravity.
c: distance between stiffeners.
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Inertia of the system respect to the neutral axis of the system:
INA = Ino - (Ash + Ast)-3°

* O =(Ash Zsh + Ast'zst)/ (Ash + Ast) : Height of the neutral axis.

Inertia of the stiffener respect to the mid-plane of the shell:

Imsstiff = Igstiff + Ast'(hast + h/2)?

Inertia of the stiffener respect to neutral axis of the system:

Ienstitf = Igstiff + Ast'(hgst + h/2 - §)>

Inertia of the shell respect to neutral axis of the system:

Ienshell = Igshell + Ash-8>

An equivalent shell thickness will be calculated. This condition to accomplish is that the inertia
remains the same:

IeQ = INA
* Ieq = 1/12-c-hig

Therefore:

heq = (12:Ina/c)M/?
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Equivalent model formulation

The resulting shell must be equivalent regarding weight, flexural rigidity (inertia) and
membrane stiffness (area). These three effects are explained in the following lines.

The equivalent shell must have the same weight as the one with the system stiffeners-shell,
therefore:

PeQ = p-heg (Ash + Ast)/Agq [N/m?]

Regarding section inertia and area, the following is considered:

The corresponding shell stiffness matrices, following the Reissner-Mindlin formulation for
shells, for an isotropic material are:

E VE O
Dr=B-1vE E ©
0 0 ¢G

®=(1-v%)
B=1/¢

Dc = [GG o}
0 oG

The stiffness matrix of the system (D:he”) is obtained as follows, building it with the matrices
Dm , Dms, Dfand Dy :

N DmDms O
D shell = D:‘nfD: 0
0 0 D

3
* Dm = ""2[ 12 Dp-dz;
* Df= "M2[ 12 22Dpdz;
*
Dmf= "2 _n/2 z:Drdz;
* D= 2[5 Dedz

Compass Ingenieria y Sistemas - http://www.compassis.com




CdM PASS RamSeries

www.compassis.com

After integration:

* Dxm nym 0
Dm = | Dyym Dym O
0 0Dzm

With:
Dym = h-E/(1 - v?)
Dym = h-E/(1 - v?)
Dyym = h-v-E/(1 - v?)

Dzm = h'G

* Dxf nyf 0
Df = nyf Dyf 0

0 0 sz
With:
Dxf = IenshelrE/(c+(1 - v2))
Dyf = h3-E/(12:(1 - v?))
Duyf = h3-E-v/(12:(1 - v?))
Dy = h3-G/12
Dmf = [O]

(assumed for simplicity)

D::h-a. GO
0G

With:
a=5/6

This is to be combined correspondingly with the stiffness of a beam, considering its material
properties homogeneously distributed over the section:

EAOOOOO
OEIL, 0000
D*peam = |0 0 EIz 0 0 0
000GJIO0O

0000 ayGAO
0000 O ayGA |
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Therefore, finally (assuming X axis is the stiffeners direction):

D:1-BSD:1f-BS 0
E 3 E 3
Dmf-BsDf-Bs O
0 0 Dc-gs

E 3
D Beam - Shell =

Being:

* _ Dxm - BS nym-BS 0
Dm-Bs = Dxym-Bs Dym-Bs O
0 0 Dzm-Bs
With:
Dxm-gs = h-E/(1 - v?) + E-Ag/c
Dym-8s = h-E/(1 - v°)
Dxym-Bs = h-v-E/(1 - V2)
Dzm-gs = h-G
Dxf - BS nyf-BS 0

Dxyf-Bs Dyf-Bs O
0 O Dzf-Bs

*
Df-Bs =

With:
Dyr-s = Ienshel'E/(c:(1 - v%)) + E-Iy/c
Dyr-Bs = h*-E/(12:(1 - v?))
Dyyr-gs = h*E-v/(12:(1 - v?))
Dzr-gs = h*-G/12

Iy = Ienstiff : Inertia of the stiffener reffered to the neutral axis.

Dmf-Bs = [O]

D:_Bs=h-a. GO +ASt'E' GO
0G

Stiffened shell test 1

A simple example to test stiffened shells has been set up.
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The geometry consists of a rectangle of dimensions:

*a=2m
*b=4m

It is loaded with its self-weight, and the material is defined as an stiffened shell with the
following characteristics:

* Shell thickness: h = 0.01 m

* Distance between stiffeners: ¢ = 0.25 m
° Stiffeners in the direction of side "a".

° Stiffener: HP-200-10

The equivalent stiffened shell model used|(Inertia of the stiffened section -pag. 8- av@
Equivalent model formulation -pag. 904) result in the following shell properties:

* heq = 0.1129 m
1559.532 N/m?

Peq

The material assigned to the shell is steel:

* E=2.1e11 N/m?
* p=76900 N/m?3
* v=0.3

The rectangular shell is simply supported in both "b" sides:

i..

®Fixed constraints Auto? 2!
Applied constraints
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The model has been loaded with the following values:

1 .91 =40z

2 .92 = 2:qoz
3 .93 = 3qoz
4 .44 = 4-qoz

With: qoz = -1.0e6 N/m?

y 3 |
| | < v
A x
x| —
4| | X
z
¥
.4

Applied distributed vertical pressure

Mesh used (both models with triangular elements; the bemas model also includes linear
elements):

440 nodes (aprox. in both models)

The results for the maximum vertical deflection are showed in the next table, together
with the results for the analytical solution for this problem (extracted from the book "Teoria

de placas y laminas” (S. Timoshenko, Ed. Urmo 1970)):

q-a*

D

dzMax = O *

Being:
a=0.01013 (Factor for simply supported shells under uniform load, for b/a=2)
g: do, 91, 92, 93, 94

a=2m
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E " h 3eq
D=————=27711937.9 N-m
12-(1-v2)
q (MN/m2) d_z {m) E'rtiff5=ﬁam d_z {m) Theory E (%)
-1.00E+06 -0.0060225 -0.005849 297
-2 0DE+D6 -0.012045 -0.011697 2.97
-3.00E+DG -0.0180:8 -0.017546 2.97
-1 DOE+DE - D20 -0.023395 2.97

Results comparing with theory

Another test, involving the same model for stiffened shell of the previous example, has been
carried out. In this case, the stiffened shell deflection is compared to the deflection of the
equivalent reinforced shell (with the stiffeners modelled as beams).

q (MN/m2) d_z (m) 5tiff5=ﬂam d_z (m) Sh+5tiff E (%)
-1.00E+DB -0.0060225 -0.006070 0.78
-2 D0E+DG -0012045 -0.012139 0.77
-3.00E+DB -0.018068 -0.018209 0.77
- DOE+DG - 20 -0.02427T8 0.77

Results comparing with RamSeries beams&shells model

The following images show the deformation of both models (both for q4). A deformation factor
of 20 has been applied to both visualizations.

NisplacEmEnts MHsp 7
tm)

(o 85736210

00026976
‘00053952
z 0 00ADG27
= i
)y o 0018833
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Stiffened shell test 2

This test case is similar to the previous one. The only difference is the direction of the
stiffeners; in this case they are oriented in the Y axis (ortogonal to the direction of the
stiffeners of previous test model).

The loads in this case have also been reduced: gg = -1.0e3 N/m2

The next table shows the results:

q (M/m2) d_z (m) Stiffs_Ram d_z (m) Sh+Stiff E (%)
-1 D0E=<03 -0.010811 -0.010871 0.55
-2 DOE=03 -0.021622 0.021742 0.55
-3.00E=03 -0.032433 -0.032613 0.55
-4 DOE+03 -0.043244 -0.043484 0.55

Results comparing with RamSeries beams&shells model
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Nisplacemants Misp 7
(my

nisplacemants Nisp 7
()

Stiffened shell test 3
This test case is similar to the previous one.

In this case, the stiffeners are oriented in the Y axis (ortogonal to the direction of the
stiffeners of first test model).

Distance between stiffeners: ¢ = 0.5 m

The boundary conditions have changed, so now, the short edge is the one restrained in the
Z direction. Long edges are free.
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¥

i,

®Fixed constraints Autod (2
Applied boundary conditions

The load in this case is: gg, = -1.0e5 N/m2

The next table shows the results:

q (M/m2) d_z (m) StiffS_Ram d_z {m) Sh+Stiff E (%)
-1.00E=+03 -0.017625 -0.018422 433
-2 DOE=03 -0.035251 -0.036845 433
-3 D0E=03 -0.052875 -0.055267 433
-4 DOE=03 -0.070501 -0.073682 433

Results comparing with RamSeries beams&shells model

The following images show the deformation of both models (both for q4). A deformation factor
of 10 has been applied to both visualizations:
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Stiffened shell test 4

This case is arranged for testing membrane behaviour of the stiffened shell.

In this case, the stiffeners are oriented in the X axis (as in the first test model).
Distance between stiffeners: ¢ = 0.25 m

The boundary conditions have changed, so now, the long left edge is completely restrained.
All the other edges are free.

Compass Ingenieria y Sistemas - http://www.compassis.com




CdM PASS RamSeries

www.compassis.com

i..

BFixed constraints Autod (1)
Applied constraints

The load in this case is (at point [2,2,0], in the X axis): gop = 1.0e8 N

¥

{..

Applied punctual load
The next table shows the results:
Fx (M) 1:|=:t (m) Etiff5=ﬂam -|:I=: {m) Sh+5tiff E (%)
1.00E+082 0.073841 0068436 G.34
2. 00E+08 0.14762 0.138870 G.34
3.00E+082 0.22152 0208310 B.34
4 D0E+0E 0.28537 0. 277750 B.34

Results comparing with RamSeries beams&shells model
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The following images show the deformation of both models (both for q4). A deformation factor
of 1 has been applied to both visualizations:

Nigplacements Nisp X
(my

-

061236
0.027788
-0.0056586

Nisplacaments Nisp X
m)

1524
0.12106
0.089724
0.058387
0027

-0.0042855
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