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1 Introduction

Checksolvers is an application used to check FEM solvers results so as to decrease the probability of existing defects in computations.

Checksolvers compares computed values to target values, prints the difference and the percentage error. Checksolvers can distinguish between different kind of “target values” that is theoretical, cross check and accepted values.

· Theoretical target values are values computed via closed formulae deriving from ad hoc theories.

· Cross check values are values referred as “target” via cross check comparison with other solvers and/or published benchmarks.

· Accepted target values are values accepted as correct from previous versions of the software.

The basis of cross check comparison is that is highly not probable that two different solvers lead to equal results although one of them, or both, contain defects. If the values obtained are the same, or very close, it is highly probable that they are “correct”. Correctness of results does not mean, anyhow, that there cannot be any possible problem. Errors can have been done in preparing the model, or can also be done after solving, in post processing phase. Nevertheless, this kind of comparison cuts off the possibility of errors in the solver phase.

Presently checksolvers manages data referring to nodal and element numbering and compares (via xray command) equal models, that is models having the same numberings and meshing. Next versions will deal with different models, that is models having different numbering and different meshing.

Checksolvers is a powerful tool used internally by Castalia s.r.l. to check its solvers during their evolution, but is also a tool distributed to Customers with the aim of clearly referencing the work done, and, also, letting the customer add his/her own check so as to further qualify the current analysis. In fact, while it is not generally possible to check a current “real” model to existing closed formulae, it is surely possible to check the model for different solvers solutions, so as to indirectly prove solution effectiveness. Cross checks are the future of model reliability assessment, since there cannot be any formal prove of software being error-free.

Since november 2007 a new feature has been added to CHECKSOLVERS. It can now read exploitation index computed by the automatic checker according to Eurocode 3 (WEURO.EXE) and compare them to target values specified by user. This functionality allows a real time continuous quality check not only of the solvers but of this automatic checker, as well.

2 General checks of consistence and general indicators

From version 2.0 Checksolvers sistematically prints out useful data in order to check the internal consistency of results of static analyses.

A number of different tests are performed in order to control che results obtained by static solvers. In the following these tests will be discussed.

2.1 Test of Reactions

Load case 1 Sum of Reactions Rx TV= -0.000000e+000  CV =  0.000000e+000  DELTA =  0.000000e+000  Err(%) =   0.0000

Load case 1 Sum of Reactions Ry TV= -0.000000e+000  CV =  0.000000e+000  DELTA =  0.000000e+000  Err(%) =   0.0000

Load case 1 Sum of Reactions Rz TV=  2.000000e+000  CV =  2.000000e+000  DELTA =  0.000000e+000  Err(%) =   0.0000

----- Reaction X Check passed -----

----- Reaction Y Check passed -----

----- Reaction Z Check passed -----

Constraint reactions and applied forces and moments must be in equilibrium. For each load case in the analysis, the program checks the sum of global X, Y and Z constraint reactions against the global applied forces resultant. The sum also includes residual forces, that is the (theoretically null) reaction forces acting over free degrees of freedom. Target value is the applied load overall resultant, while computed value is the overall sum of constraint reactions in X, Y and Z direction. A warning message is printed if the cross check is not passed.
The spring internal forces are considered as “reactions” and added to fixed constraint reactions. This because dummy constrained nodes are added by the solvers while they do not exist in the original model. Spring nodes residual should be null, since springs are element like any others. Their internal forces must be added to fixed constraint reactions in order to avoid loss of equilibrium. Springs can be regarded as elastic constraints.
According to the rules presently defined, the check is passed if the percentage difference between target and computed values is lower than 0.1, that is:

100( CV-TV)/TV < 0.1

Please note that when TV is equal to 0, percentage measure looses meaning. If TV=0 percentage error is defined as
100CV

Which could eventually be acceptable although > 0.1, depending also on measure units.

2.2 Work of residual forces and moments
Load case 1 Work of residual forces and moments TV=  0.000000e+000  CV = -4.830598e-015  DELTA = -4.830598e-015  Err(%) =  -0.0000

Load case 2 Work of residual forces and moments TV=  0.000000e+000  CV =  2.712970e-013  DELTA =  2.712970e-013  Err(%) =   0.0000

The work done by residual forces should be null, since residual forces should not exist. Anyhow, due to rounding errors, floating point computations and so on, residual do exist in free dofs. The work done by these residual, that is the overall sum of residual times their associated displacement, is an error measure which can be used to assess solving phase reliability. Target value should be null, so percentage error is somehow meaningless. Here the DELTA value is the global work actually done by all residuals.

2.3 Total residual, maximum residual

Load case      1 Total Residual Rx =   0.000000e+000  Maximum Residual Rx =   0.000000e+000 on node 0

                 Total Residual Ry =   0.000000e+000  Maximum Residual Ry =   0.000000e+000 on node 0

                 Total Residual Rz =   2.317774e-017  Maximum Residual Rz =   2.317774e-017 on node 9

                 Total Residual Mx =   0.000000e+000  Maximum Residual Mx =   0.000000e+000 on node 0

                 Total Residual My =   1.186701e-017  Maximum Residual My =   1.186701e-017 on node 9

                 Total Residual Mz =   0.000000e+000  Maximum Residual Mz =   0.000000e+000 on node 0

Residual vector could be measured in different ways.
One way is to sum the overall residual components, that is the overall unbalanced forces and moments acting along a given direction. We can thus compute Rx, Ry, Rz as translational resultants of residual forces. Also we can compute Mx, My and Mz as resultants of residual moments. The overall sum of residuals can then be considered as the total unbalance, and compared with applied loads resultants.
Another important measure is the maximum component of residual vector along each direction, for forces and moments. This measure, together with the node number where it is computed, is sistematically printed out by checksolvers for all models.

2.4 Overall reactions and residual point of application

Load case 1 Point of application of residual + reaction resultant (Or): X=  6.000000e-001  Y=  0.000000e+000  Z= -0.000000e+000

Load case 1 Point of application of applied loads (Op):                 X=  6.000000e-001  Y= -0.000000e+000  Z=  0.000000e+000

Load case 1 P x (Op-Or):                 Mx=  0.000000e+000  Mx= -4.768372e-008  Mx= -0.000000e+000  M =  4.768372e-008
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This is a very important and useful information about analysis results. The idea is to compute the resultant of both contstraint reactions (which are expected) and residuals (which are expected but unwanted), and then to evaluate the point of application of this resultant, that is the point in space where resultant should be applied in order to gain the same global moment of the complete set of constraint reaction forces and moments, and of residuals. In other words, instead of having forces and moments, we will have just forces resultant, but applied in a given point.

It happens that, due to equilibrium reasons, the straight line on which resultant of constraint reactions and residuals is applied should be the same straight line of the resultant of applied loads. We can thus check not only the global resultant of reactive forces, but also their spatial distribution.

We can also check if the loads applied have been applied correctly, because we usually can easily estimate the point of application of a set of forces, so this information can be used twice: a first one to check that reactions do apply where it is expected, and a second to indirectly check the set of forces, moments, distributed loads applied.
To check if there is a shift in the two vectors does exist the following vectorial product is computed:
M= P x (Op-Or)

giving the moment of P with respect to Or. If P passes through Or this must be null, that is

|| M || = 0

if the two vectors P and R are aligned as they should.

Please note that when the resultant P is null (e.g. in thermal loads) residual vector point of application can be in a dummy point, but the norm of M must once again be null.

2.5 Betti’s rule

Load cases a #1, b #2.Betti's rule (Lab=Lba) VA=  4.153901e+005  VB =  4.153901e+005  DELTA =  0.000000e+000  Err(%) =   0.0000

Given two load cases “a” and “b”, it is easily seen that if – as it should - 
Kua=Pa
Kub=Pb
Then due to the symmetry of K, we get
ubTKua=ubTPa
uaTKub=uaTPb
ubTPa =uaTPb
so “the mixed work of displacements due to forces ‘a’ with forces ‘b’, is equal to the mixed work of displacements ‘b’ with forces ‘a’, that is the Betti’s rule.
Wab = Wba
In real computing we also have to add errors due to round off, and floating point operations. So:

Kua=Pa + ea
Kub=Pb+ eb
Which gives

ubTPa + ubTea =uaTPb + uaTeb
so

Wab -Wba=uaTeb -ubTea= error measure
that is we get a difference in the mixed work which is due to errors.


Checksolvers computes the mixed works Wab and Wba and compares them. In order to avoid a new calculation of equivalent nodal forces, load cases including linear loads, or concentrated forces inside elements are not kept into account. So for each couple (if exist) of load cases “a” and “b” using nodal forces or moments only (not distributed loads), the Betti’s mixed works are computed and compared, allowing for a check of analysis reliability in terms of solving precision.

If a load case uses distributed loads over elements it is not used for the Betti’s check. If Betti’s check is possible (at least one couple of load cases “a” and “b” including nodal forces and moments only) it is always included among the standard checks done by checksolvers.

2.6 Average displacement

Load case 1 Average translations: Tx=  3.081685e-019  Ty=  0.000000e+000  Tz= -5.532106e-003  Ttotal=  5.557808e-003

Load case 2 Average translations: Tx=  6.163370e-019  Ty=  0.000000e+000  Tz= -1.106421e-002  Ttotal=  1.111562e-002

Load case 3 Average translations: Tx= -2.509890e-018  Ty=  0.000000e+000  Tz=  4.924903e-003  Ttotal=  5.398908e-003

Average nodal displacements are computed (counting only free nodes) as a measure of the structure response to loads. This is done for each load case and computing translations x, y, z, and the translation resultants.

3 Input file

Input file is an ASCII file divided into sections. Each section is a check regarding an existing model (one or more if xray command is used). Each line beginning with “$” is a comment line. The possible line-tags are the following:

_FILE

filename



Starts model section.



filename
file name full path, no extension (no blanks allowed)

_EC3FILE

filename
combisetname


Starts model section.



filename

file name full path, no extension (no blanks allowed)



combisetname
identifier of the combiset to be checked (e.g. "ULS-STR")

_ENDFILE



Ends model section

_COMMENT

text



A comment explaining the model.



text
comment text (blanks allowed)

_TX

NODE


LCASE

MODE


TVALUE



X translation comparison



NODE

node number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_TY

NODE


LCASE

MODE


TVALUE



Y translation comparison



NODE

node number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_TZ

NODE


LCASE

MODE


TVALUE



Z translation comparison



NODE

node number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_RX

NODE


LCASE

MODE


TVALUE



X rotation comparison



NODE

node number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_RY

NODE


LCASE

MODE


TVALUE



Y rotation comparison



NODE

node number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_RZ

NODE


LCASE

MODE


TVALUE



Z rotation comparison



NODE

node number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_AXTR
TRUSS

LCASE

MODE

TVALUE



Axial force comparison



TRUSS
truss number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_N1NI

BEAM

LCASE

MODE

TVALUE



Axial force, first extreme (NI) comparison



BEAM
beam number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_T2NI

BEAM

LCASE

MODE

TVALUE



Shear force axis 2, first extreme (NI) comparison



BEAM
beam number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_T3NI

BEAM

LCASE

MODE

TVALUE



Shear force axis 3, first extreme (NI) comparison



BEAM
beam number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_M1NI

BEAM

LCASE

MODE

TVALUE



Torsional moment, first extreme (NI) comparison



BEAM
beam number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_M2NI

BEAM

LCASE

MODE

TVALUE



Bending moment axis 2, first extreme (NI) comparison



BEAM
beam number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_M3NI

BEAM

LCASE

MODE

TVALUE



Bending moment axis 3, first extreme (NI) comparison



BEAM
beam number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_N1NJ

BEAM

LCASE

MODE

TVALUE



Axial force, second extreme (NJ) comparison



BEAM
beam number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_T2NJ

BEAM

LCASE

MODE

TVALUE



Shear force axis 2, second extreme (NJ) comparison



BEAM
beam number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_T3NJ

BEAM

LCASE

MODE

TVALUE



Shear force axis 3, second extreme (NJ) comparison



BEAM
beam number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_M1NJ

BEAM

LCASE

MODE

TVALUE



Torsional moment, second extreme (NJ) comparison



BEAM
beam number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_M2NJ

BEAM

LCASE

MODE

TVALUE



Bending moment axis 2, second extreme (NJ) comparison



BEAM
beam number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_M3NJ

BEAM

LCASE

MODE

TVALUE



Bending moment axis 3, second extreme (NJ) comparison



BEAM
beam number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_n11

POS

KIND

ELE
LCASE
MODE
TVALUE



Membrane stress n11



POS

node position (1 to 4, I, J, K, L)



KIND

can be “PLATE” or “MEMBRANE”


ELE

element (of kind KIND) number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_n22

POS

KIND

ELE
LCASE
MODE
TVALUE



Membrane stress n22



POS

node position (1 to 4, I, J, K, L)



KIND

can be “PLATE” or “MEMBRANE”


ELE

element (of kind KIND) number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_n12

POS

KIND

ELE
LCASE
MODE
TVALUE



Membrane stress n12



POS

node position (1 to 4, I, J, K, L)



KIND

can be “PLATE” or “MEMBRANE”


ELE

element (of kind KIND) number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_m11

POS

ELE

LCASE
MODE
TVALUE



Plate bending moment m11



POS

node position (1 to 4, I, J, K, L)



ELE

element (of kind KIND) number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_m22

POS

ELE

LCASE
MODE
TVALUE



Plate bending moment m22



POS

node position (1 to 4, I, J, K, L)



ELE

element (of kind KIND) number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_m12

POS

ELE

LCASE
MODE
TVALUE



Plate bending moment m12



POS

node position (1 to 4, I, J, K, L)



ELE

element (of kind KIND) number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_q1

POS

ELE

LCASE
MODE
TVALUE



Plate shear q1



POS

node position (1 to 4, I, J, K, L)



ELE

element (of kind KIND) number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_q2

POS

ELE

LCASE
MODE
TVALUE



Plate shear q2



POS

node position (1 to 4, I, J, K, L)



ELE

element number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_s11

POS

ELE

LCASE
MODE
TVALUE



Solid stress s11



POS

node position (1 to 8, I, J, K, L, M, N, O, P)



ELE

element number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_s22

POS

ELE

LCASE
MODE
TVALUE



Solid stress s22



POS

node position (1 to 8, I, J, K, L, M, N, O, P)



ELE

element number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_s33

POS

ELE

LCASE
MODE
TVALUE



Solid stress s33



POS

node position (1 to 8, I, J, K, L, M, N, O, P)



ELE

element number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_s12

POS

ELE

LCASE
MODE
TVALUE



Solid stress s12



POS

node position (1 to 8, I, J, K, L, M, N, O, P)



ELE

element number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_s23

POS

ELE

LCASE
MODE
TVALUE



Solid stress s23



POS

node position (1 to 8, I, J, K, L, M, N, O, P)



ELE

element number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_s31

POS

ELE

LCASE
MODE
TVALUE



Solid stress s31



POS

node position (1 to 8, I, J, K, L, M, N, O, P)



ELE

element number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_sxx

POS

ELE

LCASE
MODE
TVALUE



Solid stress sxx



POS

node position (1 to 8, I, J, K, L, M, N, O, P)



ELE

element number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_syy

POS

ELE

LCASE
MODE
TVALUE



Solid stress syy



POS

node position (1 to 8, I, J, K, L, M, N, O, P)



ELE

element number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_szz

POS

ELE

LCASE
MODE
TVALUE



Solid stress szz



POS

node position (1 to 8, I, J, K, L, M, N, O, P)



ELE

element number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_sxy

POS

ELE

LCASE
MODE
TVALUE



Solid stress sxy



POS

node position (1 to 8, I, J, K, L, M, N, O, P)



ELE

element number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_syz

POS

ELE

LCASE
MODE
TVALUE



Solid stress syz



POS

node position (1 to 8, I, J, K, L, M, N, O, P)



ELE

element number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_szx

POS

ELE

LCASE
MODE
TVALUE



Solid stress szx



POS

node position (1 to 8, I, J, K, L, M, N, O, P)



ELE

element number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_sp1

POS

ELE

LCASE
MODE
TVALUE



Principal stress sI


POS

node position (1 to 8, I, J, K, L, M, N, O, P)



ELE

element number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_sp2

POS

ELE

LCASE
MODE
TVALUE



Principal stress sII



POS

node position (1 to 8, I, J, K, L, M, N, O, P)



ELE

element number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_sp3

POS

ELE

LCASE
MODE
TVALUE



Principal stress sIII



POS

node position (1 to 8, I, J, K, L, M, N, O, P)



ELE

element number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_sVM

POS

ELE

LCASE
MODE
TVALUE



Principal stress sIII



POS

node position (1 to 8, I, J, K, L, M, N, O, P)



ELE

element number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_PERIOD

POS

MODE
TVALUE



Period of computed mode vibration (sec)



POS

mode number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_BRESCOM

BEAM
LCASE
MODE

TVALUE



Resistance check according to Eurocode 3 comparison



BEAM
beam number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_BSTACOM

BEAM
LCASE
MODE

TVALUE



Stability check according to Eurocode 3 comparison



BEAM
beam number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_TRESCOM

TRUSS
LCASE
MODE

TVALUE



Resistance check according to Eurocode 3 comparison



TRUSS
truss number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_TSTACOM

TRUSS
LCASE
MODE

TVALUE



Stability check according to Eurocode 3 comparison



TRUSS
truss number



LCASE
load case number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_FREQUENCY
POS

MODE
TVALUE



Angular frequency of computed mode vibration (rad/sec)



POS

mode number



MODE
can be: “THEORETICAL”, “CROSS”, “ACCEPTED”



TVALUE
target value

_XRAY
SOLVER

FILENAME

TRANSL
ROT

SYNTH



Complete cross check between models. Must have same numberings.
SOLVER
solver for cross check. Can be: “ALGOR”, “NENASTRAN”, “SARGON”

FILENAME
full path (no blanks allowed, no extension) of “SOLVER” model

TRANSL
only translation components greater (in absolute value) than TRANSL will be cross-checked. TRANSL is in mm

ROT
only rotation components greater (in absolute value) than ROT will be cross-checked. ROT is in rad

SYNTH
if =0 synthetic report, otherwise extended

checksolvers – www.castaliaweb.com


