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Summary. In this paper presents 3D digital models of selected 
variants of container structures. A rigidity analysis of objects 
with built-in multi-layer composite sheets has been carried out 
and it has been compared with calculation results for classical 
structures. Numerical calculations have been performed with 
the use the Finite Element Method. The results obtained may 
be widely used in container structures designed for farming, 
building engineering and transportation.
Key words: computer aided design, finite element method, mul-
ti-layer composite sheets, polyoptymalization.

INTRODUCTION

Large-size multi-layer composite sheets are made using 
the technology of in vacuum presses. Composite elements 
are used, among others, for building self-bearing mixed-
use container structures. Composite elements of walls are 
used, among others, in farming for building freezers and 
utility rooms. 

Composite sheets are glued in vacuum presses. The 
working principle of the press is based on the effect of nega-
tive pressure (vacuum) generated between a properly formed 
surface of the work table and a rubber membrane covering 
the elements of sheets to be attached with adhesive. The 
pressure force of the elements of a multi-layer sheet depends 
on the value of generated vacuum. The effect of negative 
pressure is obtained using a correctly selected vacuum pump 
which sucks off the air from the space between the work 
table and the rubber membrane [8].

Classical container structures are made using the tech-
nology of welding steel sections which form a framework 
the walls of which are made of metal sheets, and insulating 
materials do not increase the rigidity of the entire structure. 
A modification of a classical construction of containers in-
volves attaching multi-layer composite sheets into a frame-
work using adhesive. On the one hand they form external 

panels, on the other hand they increase the rigidity of the 
framework as well as improve its endurance parameters.

A multi-layer composite sheet consists of three layers:
–	 external layer – a 1-millimeter steel sheet,
–	 internal layer – a 50-millimeter composite material,
–	 there is an additional face layer made of plastic.

Fig. 1. Composite sheet

This paper presents issues related to digital modeling 
and endurance calculations of a framework of a classical 
container as well as its modification with composite sheets 
attached with adhesive. 



74	 DARIUSZ LODWIK, WŁODZIMIERZ MALESA

In the next stages of this work endurance and rigidity 
calculations of selected variants of the container’s structures 
using CAD systems (the Finite Element Method) were car-
ried out. This resulted in building a container framework 
with composite sheets attached with adhesive as well as 
verification of numerical calculations at a testing station 
[2, 3, 4, 5, 12, 13].

DIGITAL MODELS OF A FRAMED CONTAINER 
STRUCTURE AND ITS VERSION WITH 

COMPOSITE SHEETS ATTACHED WITH ADHESIVE

Digital models of different variants of the structure were 
performed using Inventor v13 system made by Autodesk. 
During the designing process, all geometrical, material and 
dynamic features both in their quantitative and qualitative 
forms were attributed to the said structures [18, 19, 20]. 
This allowed us to conduct simulation calculations using 
FEM. The FEM module is included in Inventor software and 
allows the user to perform numerical calculations directly 
on the object being modeled [7, 9, 10, 15, 16]. In Figure 2 
solid models of selected variants of container structures are 
presented (framed and with composite sheets).

Fig. 2. Digital models of selected variants of container structures

RIGIDITY CALCULATIONS OF CONTAINER 
STRUCTUERES

A digital displacement map of container models exposed 
to both their own and external load has been determined 
using FEM (the Finite Element Method) [14, 17, 21, 22]. 
An important stage of the work was to create an interaction 
model of a set of components, yet taking into consideration 
contact stress between two deformable objects. This task was 
performed by means of modeling the contact area using the 
“surface-to-surface” method as follows [21]:
–	 creating a geometrical model of an object,
–	 selecting properties of materials,
–	 determining the contact area,
–	 defining the type of contact,
–	 creating a network of finite elements,
–	 introducing boundary conditions,
–	 carrying out calculations,
–	 analyzing the calculation results.

The following construction materials were used in digital 
models of container structures. The framework of the con-
tainer was made of steel sections, multi-layer sheets were 
made in the technology of gluing and consist of an exter-

nal layer of steel sheets and an internal layer of composite 
Styrofoam.

Four load variants were taken into consideration while 
conducting calculations, which complies with the research 
method applied at certification laboratories. Forces in par-
ticular variants (except the dead load) were applied at upper 
corners of the container. The table below presents values of 
the applied forces:

Ta b l e  1 .  Values of forces applied
Load case Value of force

Vertical force 318 000N
Transverse force 75 000N
Longitudinal force 75 000N
Dead load ------

Fig. 3. presents three models of load cases of container 
structures. The method and location of forces applied com-
plies with the actual research procedure used at measurement 
stations.

Fig. 3. Methods of applying forces at the measurement station.

In order to perform a FEM analysis degrees of freedom 
in the digital model of the container were eliminated using 
braces. Four “permanent” braces were used (elimination 
of six degrees of freedom); they were attached to lower 
surfaces at the basis of corner columns, according to the 
below presented figure.

Fig. 4. Stability brace in a digital model of the container

In a digital model of a container with composite sheets 
782 contact pairs were generated between the framework 
and sheets. 
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While performing an analysis of this set (the container 
with composite sheets) models of 46 elements, being thin 
solids, were simplified. This allowed us to carry out calcula-
tions for a case in which a given structure includes elements 
of considerably differentiated dimensions [10].

Then the area of analysis was discretized as a result of 
which a network of finite elements was generated.

Fig. 5. Partitioning of container models into finite elements

With the use of the “solver” function of FEM digital 
displacement maps for particular container versions were 
generated. Fig. 6 presents displacements of the structure of 
the container without composite sheets exposed to vertical 
forces applied to upper corners of the framework.

Fig. 6. Deformation map of a container without composite sheets

For comparison Fig. 7 presents a digital displacement 
map of a container with composite sheets attached with 
adhesive.

Fig. 7. Deformation map of a container with composite sheets

Ta b l e  2 .  Representation of obtained calculation results:

Load type Container without 
composite sheets

Container with 
composite sheets

Vertical force 9,01 mm 0,85 mm
Longitudinal force 63,00 mm 0,44 mm
Transverse force 63,92 mm 0,60 mm
Dead load 5,58 mm 0,08 mm

The results of rigidity calculations indicate that the 
deformation of a container structure with composite sheets 
is more than tenfold smaller than in the case of a structure 
whose only bearing element is its framework. Multi-layer 
composite sheets used as container walls have an addition-
al function and they increase to a considerable extent the 
rigidity of the structure under examination. The suggested 
solution proves to be effective in the case of high container 
storage, e.g. on cargo ferries or warehouses where the use of 
space is particularly important and containers are stacked up.

VERIFICATION OF CALCULATION RESULTS 
OBTAINED

On the basis of the said digital model a prototype con-
tainer was built by KONTENER Production of Building 
Elements LLC in Płock. Experimental studies at a research 
station involving the application of standardized values of 
forces to an actual structure were conducted. Empirical 
studies confirmed the results of numerical calculations 
[11]. The structure fulfilled the assumed criteria for rigidity 
and endurance. The deformation of the structure of the 
container with composite sheets did not exceed allowable 
values. 

CONCLUSIONS

The calculation results obtained were presented in the 
form of numerical maps and tabular representations. The 
analysis of theoretical calculations demonstrated compliance 
with the results obtained by means of empirical studies.

The use of CAD systems and FEM calculations in the 
case of problems discussed in this paper provide measurable 
advantages including:
–	 a considerable shortening of the time needed for studies 

owing to numerical analysis of numerous variants of 
container structures,

–	 conducting credible research using computer systems as 
early as at the designing stage,

–	 a possibility of designing container structures consisting 
only of multi-layer sheets after a prior numerical and 
experimental verification, without a steel framework, 
which will considerably reduce their costs and weight.
The research methodology suggested in this paper has 

been used in practice in order to perform contracts for the 
engineering industry, farming, civil engineering as well as 
defense industry.
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ANALIZA Z ZASTOSOWANIEM MES 
WYBRANYCH KONSTRUKCJI KONTENEROWYCH 

Z WBUDOWANYMI WIELOWARSTWOWYMI 
PŁYTAMI KOMPOZYTOWYMI

Streszczenie. W pracy przedstawiono modele cyfrowe 3D wy-
branych wariantów konstrukcji kontenerów. Dokonano analizy 
sztywnościowej obiektów z wklejonymi wielowarstwowymi 
płytami kompozytowymi i porównano z wynikami obliczeń dla 
konstrukcji klasycznych. Obliczenia numeryczne zrealizowano 
z zastosowaniem metody elementów skończonych. Uzyskane 
wyniki obliczeń można wykorzystać w konstrukcji obiektów 
kontenerowych przeznaczonych dla rolnictwa, budownictwa 
oraz szeroko rozumianego transportu.
Słowa kluczowe: komputerowo wspomagane projektowanie, 
metoda elementów skończonych, wielowarstwowe płyty kom-
pozytowe, polioptymalizacja.


