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Abstract. This article is about choosing building structure analysis model
question. Construction analysis model type choice affects result of count-
ing. Result accuracy and reliability depends on analysis scheme choice.
Using modern computers, there is a lot of alternative abilities of creation
construction analysis model. This article is made to understand these anal-
ysis models features and their influence on result. An example of counting
beam in six independent CAD systems is shown. Engineering simulation
and design software, which base on finite elements method, were chosen
for analysis. These counting models differ from each other only by geo-
metrical scheme. Beam geometry modeling is performed using beam ele-
ments, shell elements and solid elements. The comparison of beam calcula-
tion results with its beam, shell and solid elements analysis scheme model-
ling was performed. The analysis of single factor (geometric scheme) in-
fluence on the results of beam calculation is shown. It was defined, that the
choice of calculation complex does not affect the calculation result, if the
geometrical counting models are completely identical. It was defined, that
in case creating construction with various types finite elements there are
differences in the calculation results. Difference in calculation results, us-
ing different geometrical models, is seen in using the same complex and in
comparison of different complexes. It was defined, that difference in calcu-
lating internal forces and moments in beam for different geometrical mod-
els can be more than 10%.

1 First Section

Today we see an increase in the number of buildings and structures created on individual
and exclusive projects. Individual projects are developed for private cottages, for apartment
buildings, for public buildings, for urban planning in general. This variety of architectural
forms increases the complexity and labour intensity of projects [1- 6]. The individual nature
of projects leads to more complex structures of structural frames of buildings. Modern con-
struction projects are so complex that it is not possible to cope with all the problems that
arise at the stage of their implementation without computers.

Developers of CAD, CAM, CAE applications always creating new versions of program
complexes, which are able to solve building tasks. There is a concurrence between develop-
ers of program complexes for designing buildings. Every developer adds new functions to
standard ones. These functions widen program complex abilities, making it more universal.
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An integration between program complexes developers occurs. Converters and functional
abilities of information exchange between program complexes of different developers are
being created. Great variety of program complexes is good, but users do not always under-
stand the difference between them. More, user usually isn’t able to define which program
product he needs. It is especially seen in choosing CAE programs, which means programs
allowing to make calculations on structural analysis of constructions. For solution this prob-
lems, developers create a lot of seminars, conferences, hold consultations, and create trial
versions of their programs.

CAE program complexes allow to solve different tasks of building mechanics [7-9]. Of
course, they have borders of applicability, but developers permanently widen them, that’s
why, especially young users, think that they are infinite. Specialists know that construction
calculation results would be greatly influenced by chosen analysis model. Reliability of a
real construction is defined by reliability, accuracy and certainty of its calculation. The
stage of choosing the analysis model of construction is not regulated in any way and is
strictly the prerogative of designer. Thus, final reliability of a building or a structure de-
pends on designer competence. Experience shows, that new programs are easier understood
by young people. Young specialists, who don’t have deep theoretical knowledge in building
mechanics and «blinded» by abilities of calculation complexes, usually make mistakes in
analysis model choice. Even experienced projectors, taking into account increasing difficul-
ty of projecting structures, are not always able to decide which analysis model to choose.
Analysis model is always simplified idealized model of a real construction. Real construc-
tion properties simplifying in its analysis model can made to a greater or lesser extent. At-
tempts of analysis model maximal simplifying lead to loss of information and estrangement
in performance of model from a physical prototype. Attempts to take into account all of
«the smallest parts» leads to excessive complication of a task and can become a reason of
«hidden» mistakes appearing, and the impossibility of getting the result for complicated
models. Of course, assumed analysis model accordance to physical prototype reliability is a
real experiment. But real experimental researches are much more complicated and expen-
sive in comparison to digital researches. That is why digital research of construction analy-
sis model choice on final result of its calculation is an actual task.

2 Second Section

Not only projectors and program developers are worried by building structures calculations,
but supervisory authorities too. That is why one of new requirements for project documen-
tation for buildings and constructions, passing independent examination in Russia — is sub-
mitting calculations of a construction made in art least two calculating complexes. This is a
necessary, but insufficient step to improve building objects reliability. Important role in
calculation reliability has construction analysis model choice. One construction can be
modelled in a calculation complex using different methods, for example, beam elements,
shell elements and solid elements or combined model. It is necessary to make calculations
on several alternative models or to justify choice of one model, to improve reliability of
building objects. It is especially important for complicated schemes, which have no serial
developments and analogues [10-13].

Further in the text an example of counting beam in seven independent CAD systems is
shown. The following CAD systems were used for analysis: Lira, SCAD, VA2000, Cos-
mosM, STAAD, AnalysisGroup, CosmosWorks. As an illustration of analysis model
choice importance in making calculation on a computer, results of construction calculation
— statically determinate metallic beam with uniformly distributed load are presents. Beam
has 3000 mm length, a double-T section, load value 7,5 KN/m, physical characteristics of
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steel C245 [14]. Beam is simply supported and statically determinate. Beam calculations
were made in these variants:
1.using a beam elements model in program complex Lira;
2.using a beam elements model in program complex SCAD,;
3.using a beam elements model in program complex STAAD;
4.using a beam elements model in program complex AnalysisGroup;
5. using a beam elements model in program complex VA2000;
6.using a beam elements model in program complex CosmosWorks;
7.using a shell elements model in program complex Lira;
8.using a shell elements model in program complex SCAD;
9.using a shell elements model in program complex STAAD;

10.
11.
12.
13.
14.
15.
16.

using a shell elements model in program complex VA2000;
using a shell elements model in program complex CosmosWorks;
using a solid elements model in program complex Lira;

using a solid elements model in program complex SCAD;

using a solid elements model in program complex STAAD;

using a solid elements model in program complex VA2000;
using a solid elements model in program complex CosmosW orks.

The information about calculating construction is submitted on Figure 1.
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Fig. 1. Calculating construction.

Some analysis models and results of their calculations using different CAE-systems are
submitted on Figures 2-10. Calculation results comparison was made by maximal internal
moment and maximal internal shear force. In conclusions rating of differences between
calculation results, counted in percent’s is submitted. Values of internal forces in beam rod
model were used as a beginning value in counting percent’s divergence.
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Fig. 2. Beam elements analysis model in CAE-systems: a. Lira; b. SCAD; c. STAAD; d. Analy-
sisGroup; e. VA2000; f. CosmosWorks.
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Fig. 3. Calculations results of beam elements analysis model of SCAD calculation complex.
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Fig. 4. Calculations results of beam elements analysis model of Lira calculation complex.
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Fig. 5. Calculations results of beam elements analysis model of VA2000 calculation complex.
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Fig. 6. Calculations results of beam elements analysis model of CosmosWorks calculation complex.
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Fig. 7. Calculations results of a rod model of AnalysisGroup calculation complex.
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Fig. 8. Calculations results of shell elements analysis model of Lira calculation complex.
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Fig. 10. Solid elements analysis model of CosmosWorks calculation complex.
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Table 1. Results of calculations.

CAE-system Type of analysis model
Shell elements Solid elements
Beam elements model
model model
Q, M, Disp., Ny, Disp., Ny, Disp., Ny,
KN KN'm mm KN/m2 mm KN/m2 mm KN/m2
Lira 11.25 8.438 0.56 18014 0.554 16298 0.680 18360
SCAD 11.25 8.44 0.56 18014 0.565 16450 0.703 18543
STAAD 11.25 8.44 0.56 18014 0.565 16505 0.745 18675
AnalysisGroup 11.3 8.45 0.56 18014 |- - - -
VA2000 113 8.44 0.56 18014 0.566 15370 0.737 17555
CosmosWorks 11.25 8.437 0.56 18013 0.604 17004 0.778 18888

Table 2. Calculation results depending on the types of analysis models.

CAE-system Relative calculation error, %
Parameter to Type of analysis model
compare Beam* Shell Solid
Lira Disp. 0 1.07 214
Ny 0 9.53 1.92
SCAD Disp. 0 0.89 25.5
Ny 0 8.68 2.94
STAAD Disp. 0 0.89 33.03
Ny 0 8.38 3.67
VA2000 Disp. 0 1.07 31.61
Ny 0 14.68 2.55
CosmosWorks Disp. 0 7.86 38.93
Ny 0 5.6 4.36

” Comparison of calculation results depending on the types of analysis models is carried out in rela-
tion to the Beam elements model.

Table 3. Comparison of calculation results obtained between various CAD systems.

CAE-system Relative calculation error, %

Beam elements model Shell elements model Solid elements model

Disp. Ny Disp. Ny Disp. Ny

Lira 0 0 1.95 1.3 8.7 1.7
SCAD 0 0 0 0.33 5.64 0.7
STAAD" 0 0 0 0 0 0
AnalysisGroup 0 0 - - - -
VA2000 0 0 0.2 6.9 1.07 5.99
CosmosWorks 0 0,006 6.9 3.0 4.43 1.14

” Comparison of CAE-systems is carried out in relation to the STAAD complex.

3 Summary

Conclusions, made from results of a calculation:
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12.
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14.
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1.it was defined, that choice of a CAE-system doesn’t affect the result, if construction
analysis models are the same. There is completely no difference in results in different CAE-
systems;

2.there is a difference in calculation results, got for solid element and beam elements
models. Difference, using one CAE-system, is shown. The difference can reach 38.93%;

3.there is a difference in calculation results, got for shell element and beam elements
models. Difference, using one CAE-system, is shown. Difference is not more than 14.68%;

4.there is a difference in the calculation results obtained for shell elements models in
various CAD-systems. The difference can reach 6.9%.

S.there is a difference in the calculation results obtained for solid elements models in
various CAD-systems. The difference can reach 8.7%.
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