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Анотація. Виконано визначення та детальний аналіз теоретичного напружено�деформованого стану
експериментальної металевої шарнірно�стержньової системи із системою управління, що розглянута
як плоска статично невизначена система із шарнірними вузлами. Величини теоретичних складаль�
них зусиль у досліджуваній системі отримані за допомогою обчислювального комплексу SCAD. При
розрахунку складальних зусиль враховано різноманітний розподіл складальних похибок. Наведена
схема спеціалізованої експериментальної установки. Представлені експериментальні значення скла�
дальних зусиль у досліджуваній конструкції із системою управління похибками. На основі отрима�
них результатів виконано детальне порівняння експериментальних значень складальних зусиль із
теоретичними складальними зусиллями, що визначені за допомогою обчислювального комплексу
SCAD. Результати та методика виконаних експериментальних досліджень дозволяє визначити скла�
дальні зусилля не тільки у плоскій шарнірно�стержньовій системі, але і в просторовій великопрольотній.

Ключові слова: великопрольотні металоконструкції, стержньові системи, складальні похибки,
монтажні впливи, розмірний ланцюг, напружено�деформований стан, теорія управління, МСЕ,
експеримент.
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Аннотация. Выполнено определение и подробный анализ теоретического напряжённо�деформиро�
ванного состояния экспериментальной металлической шарнирно�стержневой системы с системой
управления, которая рассматривается как плоская статически неопределимая система с шарнирными
узлами. Величины теоретических сборочных усилий в исследуемой системе получены с помощью
вычислительного комплекса SCAD. При расчёте сборочных усилий учитывалось различное распре�
деление сборочных погрешностей. Приведена схема специализированной экспериментальной уста�
новки. Представлены экспериментальные значения сборочных усилий в исследуемой конструкции с
системой управления погрешностями. На основании полученных результатов выполнено детальное
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сравнение экспериментальных значений сборочных усилий с теоретическими сборочными усилиями,
определёнными с помощью вычислительного комплекса SCAD. Результаты и методика выполненных
экспериментальных исследований позволяют определять сборочные усилия не только в плоской шар�
нирно�стержневой системе, но и в пространственной большепролётной.

Ключевые слова: большепролётные металлоконструкции, стержневые системы, погрешности
сборки, монтажные воздействия, размерная цепь, напряжённо�деформированное состояние, теория
управления, МКЭ, эксперимент.
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Abstract. Determination is made and a detailed theoretical analysis of the stress�strain state of the
experimental metal hinge�rod system with a control system, considered as a flat statically indeterminate
system with articulated units. The values of the theoretical assembly effort in this system are obtained by
computing complex SCAD. When calculating the assembly effort took into account the different distribution
of assembly errors. The scheme of a specialized experimental facility. Shows the experimental values of the
assembly effort in the study design with a control system errors. Based on the results made a detailed
comparison of the experimental values with the theoretical efforts assembly, assembly force determined by
computing complex SCAD. The results and the methods of experimental studies can determine the assembly
efforts not only in the flat hinge�rod system, but also in the spatial span.

Keywords: large�span steel structures, bar systems, errors assembly, installation impact, dimensional
chain, the stress�strain state, control theory, finite element method, the experiment.

Introduction

Experimental and theoretical study of any system
is a multilevel and multifaceted process of receiv�
ing and processing information. This process be�
gins with the initial processing of information re�
lated to the object of the experimental studies.
Earlier in [1], the authors proved the relevance of
the experimental studies, describes a method of
their execution, instrument base, design and
construction of the experimental setup. In this pa�
per provides a brief overview of the previous ex�
perimental studies, as well as results of experi�
mental and theoretical research efforts in the as�
sembly of flat – hinged rod system made by the
authors.

Formulation of the problem

For a substantiation theoretical results of stress�
strain parameters of state of the structures for the
error by finite element method (FEM) requires
experimental validation of the results of the cal�
culation. In domestic practice for such studies span
rod metallic coatings are virtually absent. The au�
thors also noted earlier that the design of building
structures should recognize their work [2, 3]. It
should be noted that many domestic doctoral re�
search devoted to assembly errors span beam struc�
tures, often performed without experimental ver�
ification of the results of [4–7]. Exception may be
the work V. I. Trofimov, E. V. Tretyakovа [8, 9]
which performed an experimental study of devia�
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tions (gaps) in the rods of the structural unit of
Moscow Architectural Institute, and the work of
D. V. Konin [10] devoted to the experimental study
of joints colon between milled ends.

The works of V. I. Buyakas, A. Gvamichavy [11],
Bruno Robin J. [12], Gaul L., Albrecht H., Wirni�
tzer J. [13], Kartal M. E., Basaga H. B., Bayrak�
tar A., Muvafik M. [14], Kim H. M., Doiron H. H.
[15] , devoted to the study of the influence of errors
on the reflectivity of radio telescopes. The works of
A. Preumont [16] devoted to the study of defects on
the bearing capacity of cable�stayed bridges. Un�
fortunately, the results of the above�mentioned
works cannot be applied to large�span spatial core
metal coatings. Take into account the peculiarities
of designs require many regulations [17–22]. How�
ever, these documents are ways considering the pe�
culiarities of single�frame or multi�story building,
but says nothing about other objects, including for
long�span metal rod coatings. To date, such an effect
can be taken into account, i. e. feature as the accu�
mulation of assembly errors and effort by numerical
studies for long�span metal rod coatings and other
systems. Assembly errors and efforts arise from mul�
tiple systems does not precise fabrication and instal�
lation, as well as the inevitable process of accumula�
tion of errors [2], which lead to a decrease in the car�
rying capacity of core metal structures. Hence the
need for experimental verification of the assembly
effort.

The purpose, problems and object of study

Purpose of the experimental researches is to iden�
tify assembly effort from the force created by as�
sembly errors in the flat hinge�rod system. To
achieve the goal of experimental studies are need�
ed to decide the following problem – to conduct
tests for different parameters design scheme ac�
cording to the previously proposed methods of
identification of assembly effort [2], and analyze the
results. The object of experimental studies adopted
a flat piece of hinged�shell core in the form of a full�
scale model farm.

The proposed experimental studies are needed
to assess the impact of the errors on the parame�
ters of the stress�strain state, namely:

– identifying and clarifying the actual stress�
strain state of the core structure for the error;

– study and analyze changes in the values of as�
sembly effort when the margin of error, load and
schemes of rods with disabilities;

– comparisons of the theoretical values of the
assembly effort with the experimental assem�
bly effort for later study the reliability of the
results obtained using the methods [2, 3].

The analysis and processing of the experimental
and theoretical results

As a result dismountable character of all compo�
nents experimental apparatus, you may receive
many structurally and geometrically non�linear
factors in the estimated amount of the force ele�
ment may have a high error – scatter in the val�
ues. The assembly force is determined for each load
step. For this a survey was made load cells and in
accordance with the results determined by the
probabilistic assessment of the longitudinal force
in each element. The result of the experiment, the
values Δ strain in the elements in each stage of the
experiment. Under the received Δ discrepancies be�
tween theoretical and experimental values of the
assembly effort in this section is performed statisti�
cal analysis of the results of Δ, thus, according to
[23] were calculated:

– The average value of Δ:

n
n

i
i /

1
∑
=

Δ=Δ , (1)

where n – the number of measurements.
– Standard deviations (SD) of the results Δ:

( )1

)(
)( 1

2

−×

Δ−Δ
=Δ
∑
=

nn
S

n

i
i

. (2)

– The bounds of random error at a confidence level
P = 0.95:

)(Δ×= Stε , (3)

where t – Student's coefficient for a confidence
probability P = 0,95;
S (Δ) – standard deviation of the results Δ.

Identification and theoretical and experimental ef�
forts in the truss Theoretical Investigation of stress�
strain state of structures with errors made method
of finite element method (FEM) using the computer
complex SCAD (СC SCAD). Simulation of assem�
bly deviations were modeled influence of temperature



Volodymyr Vasylev, Andrey Mironov, Anatoliy Yugov, Аlexey Bondarev8

in the СC SCAD. The design scheme, the geometry of
the assembly and the value of effort, such as the stage
of the S�1 are shown in Fig. 1.

The test truss is set horizontally on the floor
with the power does not shift the poles. For the
operation of a farm in the plane it is further se�
cured between the supporting girders, which are
shown in Fig. 1 shows the installation of elastical�
ly supports plane truss. To exclude the bending at
the touch of truss with the supporting rigels were
set rollers to support, as shown in Fig. 2. The load
was applied to the rods in steps of 1 mm in a single
series in order to establish the influence of devia�
tions of the lengths of rods on the parameters of
the stress�strain state. In the studied system had
to forcibly create a bias – and therefore assembly
error efforts. Ie being affected by the external
structure are implemented in the form of control
elements, which further allows to create and bias.
For this individual rods are made with clutch – rods
P2, P2, R2.1...R2.3 shown in Fig. 1b.

On the testimony of the pickoff busiest by treat�
ment in «Microsoft Excel» graphics were built the�
oretical and experimental efforts in assembling the
elements and are listed below. The location of strain
gauges on the element P1 and R1.1 given in Fig. 3.
General view of the experimental setup during the
experiment is shown in Fig. 4.

The analysis of results of calculation of the
rod system based on assembly errors

For presentation, better understanding and anal�
ysis of the results is made graphical interpretation
of the results of experimental and theoretical re�
sults in the form of graphs, i. e., curves of: the stage
of the experiment – the value of the assembly ef�
forts – see Fig. 5…7. The vertical assembly values
are shown in kN efforts that occur in the study
design element. The horizontal on each graph plots
the stage experimental studies, which were taken
into consideration during processing of the results.

 
a)          b)

Figure 1. The scheme of truss: a) calculated, b) geometric with efforts.

Figure 2. The scheme of installation rollers to support: a) the drawing, b) in fact.

a)          b)
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To know value and direction of the deviation of the
rods with a deviation to the stage shown in Fig. 5...7
need to work [1]. For example, the horizontal mem�
ber for this step R1�1, stage 35 and stage 69 – S�1,
S�35 and S�69 in Fig. 5. Similarly given for the oth�
er elements. It should be noted that the stage S�1
correspond to S�7, S�9, S�15 and S�35 corresponds
to Stage S�41, S�43, S�49, S�69 stage steps corre�
spond to S�75, S�77, S�83. The same approach for
the deviations from the «�» sign.

For example, the horizontal element P1 given
stage 1, Step 35 and step 69 – S�1, S�35 and S�69
in Fig. 5. Similarly, given for the other elements.
It should be noted that the step S�1 correspond to
the S�7, S �9, S�15, and S�35 – S correspond to
steps 41, S�43, S�49, S�69 phase corresponds to step
S�75, S�77, S�83. The same approach for the devi�
ations from the «�» sign. Step S�18 corresponds to
step S�24, S�26, S�32 to S�52 corresponds to S�58,
S�60, S�66 to S�88 corresponds to S�90, S�94,
S�100. In this paper, results of the comparison of
theoretical and experimental assembly effort is not
fully represented and not all bars because of the
large amount of information.

It is obvious that the values of the experimen�
tal assembly efforts are not consistent forces in the
bars P2, P2.1, R2.2, R2.3 in separate stages – due
to the fact that the accuracy of measurement
SGMS�2 will not reliably record the efforts of less
than 50 kN – In our case. In these elements theo�
retical force values do not exceed 25 kN. A similar
situation is observed in cell P3, P3.1, R3 and R3.1.
Graph for the element R2.2 shown in Fig. 7.

The average value of the relative difference
between the calculated theoretical value and the
experimental value of the assembly effort in ac�
cordance with the data , does not exceed 25 %. The
margin is primarily the result of the idealization
of the design scheme when performing theoretical
calculations (structurally nonlinear effects of bolt�
ing inability accurate fixation assembly efforts
during the experiment, etc.). Thus design assump�
tions and methodological approach to the defini�
tion of assembly efforts hinged�rod system can be
used in real design practice. Consequently, exper�
imental studies conducted confirms the adequacy
of methods for determining the assembly effort [3].

Conclusion

1. The possibility of practical application of the
methodology for determining the assembly ef�
fort [3] on the hinge�core system using a tem�
perature effect is studied experimentally and
confirmed by custom installation based on the
model fragment flat hinge�core shell in the form
of a full�scale model truss, which allows to vary
the set of initial parameters of design scheme.

2. In experimental studies found that the distri�
bution of forces in the elements depends on the
magnitudes of the deviations of assembly, as
well as the scheme of distribution (location) of
assembly errors.

3. The experimental values show sufficient efforts
convergence of theoretical and experimental

Figure 3. Location strain gauge. Figure 4. General view of the experimental apparatus
during experiment.
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values. Experimental values assembly effort dif�
fer from the theoretical is not more than 1...25 %.

4. The results of experimental research efforts as�
sembly applicable for use not only in a planar
hinged�rod system, but also because the spatial

span methodical approach to the definition of
assembly effort for spatial span rod metal sys�
tems is the same. The general form of designed
objects can be varied – a cylindrical, spherical,
elliptical, toroidal, conical and the other.

 

Figure 5. The efforts of assembly in P1.

 

Figure 6. The efforts of assembly in P1.1.

Figure 7. The efforts of assembly in R2.2.
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