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Abstract. The aim of the study is to identify main trends in the development of space grid structures. In order to reach the 
purpose it is necessary to conduct a review of the known structural concepts,  nodal connections and specifics of the space 
grid structures and to make conclusions on feasibility improvement of the considered structural concepts that make it possible 
to develop new solutions without  disadvantages residing in the analogues. Analysis of papers written by foreign and national 
scientists and devoted to theoretical, numerical and experimental studies of stress-strain state, influence of different factors on 
it and geometrical optimization and designing of space grid structures has been conducted in order to achieve the objectives. 
Space grid structures and, in particular, flat double-layer grid and most frequent nodes have been studied in the paper.  
The paper contains a short review of the history on development of space grid structures. It has been found that a rapid deve- 
lopment of structural designs was caused by scientific and technical progress and, in particular, improvement of physical and 
mechanical properties of materials, development of calculation methods, application of software systems for simulating be-
havior of the structure under load, which significantly increased the calculation accuracy and reduced complexity of design.  
It has been also established that main parameters that have influence on effectiveness of a structural design are geometric 
dimensions of its modular elements, ratio of its depth to the span. The world experience on development of connection com-
ponents has been studied in the paper. The paper presents general classification of nodal connections. Main advantages and 
disadvantages of existing space grid structures are highlighted and it allows to determine possible methods for their improve-
ment.  Theoretical research has permitted to establish that the main direction of spatial grid structures improvement consists in 
development of new node connection types. Several methods for node improvement have been proposed while taking into 
account the obtained results. 
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Особенности конструктивных решений  
и проектирования пространственных стержневых систем 
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Реферат. Цель работы – выделить основные направления в развитии пространственных стержневых конструкций. 
Для этого поставлены задачи: провести обзор известных конструктивных решений, узловых соединений и особенно-
стей проектирования пространственных стержневых конструкций. Сделать выводы о целесообразности усовершен-
ствования рассмотренных конструктивных решений с целью разработки новых, не имеющих недостатков, присущих 
аналогам. Для решения поставленных задач проведен анализ работ зарубежных и отечественных ученых, посвящен-
ных теоретическим,  численным и  экспериментальным  исследованиям  напряженно-деформированного состояния  
и влияния на него  различных  факторов, а также геометрической  оптимизации и проектированию пространственных 
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стержневых конструкций. Проанализированы пространственные стержневые конструкции, в частности структурные 
плиты и наиболее часто встречаемые конструкции их узлов. Проведен краткий обзор истории развития структурных 
конструкций. Установлено, что быстрому развитию структурных конструкций способствовал научно-технический 
прогресс, в частности повышение физико-механических свойств материалов, развитие методов расчета, использова-
ние для моделирования условий работы на разные виды нагрузок программных комплексов, что существенно увели-
чивает точность расчета и уменьшает трудоемкость проектных работ. Также установлено, что основными параметра-
ми, которые влияют на эффективность структурной конструкции, являются геометрические размеры его модульных 
элементов, соотношение его высоты к пролету покрытия. Изучен мировой опыт по разработке узлов соединения. 
Приведена общая классификация узловых соединений. Выделены основные преимущества и недостатки существую-
щих пространственных стержневых конструкций. В результате проведенного теоретического исследования установ-
лено, что основным направлением усовершенствования пространственных стержневых конструкций является разра-
ботка новых узловых соединений. Учитывая полученные результаты, предложено несколько способов усовершен-
ствования узлов. 
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Introduction 
 

In the construction of large-span buildings and 
structures for various purposes often is a problem 
of the complexity of work and waste of material 
due to its inefficient use. This situation in the con-
struction has occurred through outdated industry, 
properties and technical and economic indicators 
of the existing designs that are a morally and phy- 
sically outdated over time. These factors have  
a direct impact on the overall cost and duration  
of construction of the object, so there is a need to 
improve and find new load-bearing structures,  
in particular space frames that would have led to 
significant savings in materials and reduce the 
complexity of technological processes of manufac-
turing and installation. 

That was the cause of the ideas to develop of 
new space systems concept that would be able to 
combine not only advantages of existing space 
frames but would have their own original cha- 
racteristics and their unique benefits and specifics. 
For that the world experience of studies of space 
grid structures must be carefully and thoroughly 
studied. 

 

General information and brief history  
of the development of space frames 
 

Today, the most well-known space frames sys-
tems are the space grid structures. These structures 
are widely known and disseminated due to well-
shaping abilities, which is confirmed by a large num-
ber of original and unique objects worldwide [1]. 
These structures have many advantages and their use 
provides good cost-effectiveness compared to other 
more traditional structural solutions [2]. 

The advantages of the space grid structures that 
determine their effectiveness in comparison with 
other designs include [3–5]: 

1. Lightweight. It is the most important ad-
vantages of a space grid structure. It is mainly due 
to the load transfer mechanism that is primarily 
axial tension or compression and as a result all ma-
terial in any given element is utilized to its full ex-
tent. On top of that most space grid structures are 
constructed from steel or aluminum parts which 
even more considerably decrease their self-weight. 

2. Mass productivity. Space grid structures 
built from simple prefabricated units, which are of 
standard size and shape. The units of the structures 
are produced as usual in the factory so that they 
can take full advantage of an industrialized system 
of construction. These units usually are easily 
transported and quite rapidly assembled on site by 
semi-skilled labor and erection with conventional 
equipment and machinery. Consequently, space 
grid structures can be built at a lower cost. 

3. Stiffness. The structures are usually suffi-
ciently stiff despite of its lightness. It is caused its 
three-dimensional character and to the full partici-
pation of its components. The structures also have 
the good rigidity and great stiffness and exceptio- 
nal ability to resist unsymmetrical or heavy con-
centrated load. 

4. Versatility. The space grid structures possess  
a versatility of shape and utilize the modules to gene- 
rate various space grids, latticed and even free-form 
shapes. Moreover, the structures have the visual 
beauty and the impressive simplicity of lines. 

The specifics of space grid structures are that 
they consist of modular mass-produced elements. 
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Depending on the shape and relative position of the 
modular elements, the space grid structures can be 
single-layer, dual-layer lattice shells or flat plates, 
etc. Using space grid structures allows creating 
large-span roof system that has sufficiently small 
depth, which is within the range of 1/16–1/25 of 
the span. In addition, the space grid structures are 
characterized as structures with a low weight and 
reduced sensitivity to seismic actions, for the con-
struction of which small-sized modular standar- 
dized elements are used. This greatly facilitates the 
technological process of transportation, cargo han-
dling works and installation. In addition, the use of 
modular components allows building architectural-
ly expressive and attractive geometric shapes and 
surfaces. The advantage of the modular construc-
tion has been demonstrated more than a century 
ago, when it was designed, manufactured and  
installed the design for The Crystal Palace for  
The Great Exhibition 1851 in London and The 
Galleries des machines in Paris in 1889 [3]. 

Among the general class of space grid struc-
tures often highlight flat double-layer grids [6], but 
there are numerous examples of the implementa-
tion of space grid structures with more complex 
form: the scope, variety of shell, step plates, pyra-
mids, etc. [4, 7]. These structures show great op-
portunities for the use of steel in the construction 
of large-span buildings namely, a variety of forms 
and shapes of which is unlimited. The flat double-
layer grids are the most characteristic space grid 
structures [8, 9]. In most cases for the construction 
of such structures rods made from tubular steel 
elements are applied. Less widespread are ele-
ments made of steel profiles of other cross sec-
tions, such as angles, channels, thin-walled profi- 
les [10, 11]. 

The first major impetus to the development of 
the space grid structures was due to the inven- 
tor Alexander Graham Bell. In the first decade of 
the twentieth century he explored the possibility  
of octahedral and tetrahedral space shapes from 
rods. He highlighted the double superior of three-
dimensional grid elements – it is high load capacity 
and low weight. However, space grid systems of 
the first generation have been patented at the end 
of the 1930s, which later became known as the 
Unistrut system [12]. Nevertheless, space grid 
structures were not used widely in construction 
until the Mero system was designed in the early 

40s of the last century in Germany. It should also 
be noted that Mero system was the first com- 
mercialized full spatial structure [13]. 

Wide implementation of space grid structures 
had got in the middle of the twentieth century, 
thanks to the researches in architecture and engi-
neering, whose main objectives were to find the 
new and original forms and also alternatives to 
existing joints. Great contribution to the develop-
ment of space structures was brought by American 
architect, engineer and inventor Richard Fuller 
who designed the geodesic dome [14]. 

In the late 1940s, K. Wachsmannand P. Weid- 
linger developed a system of spatial structural  
Mobilar. This system was substantially different 
from the existing ones, in particular, from Mero 
system and Unistrut system, so the nodes had not 
been separated from the rods, and geometry of 
connection parts were not so rigid and massive. 
During the 1950s, these systems continued to be 
improved, which has led to the development of 
other systems [5, 15–19]. 

The development of structural designs has not 
always been so rapid and intense as it is now. Ear-
lier, constraining factor of its development was the 
degree of static indeterminacy that led to complex 
and time-consuming calculation. These difficulties 
were complicated for the analysis to a certain ex-
tent slowed down and limited the use of space grid 
structures. However, the introduction of computers 
has fundamentally changed the whole approach  
to the design, which contributed to a new wave of 
development of such structures. With the using 
computer software it is possible to analyze very 
complex dimensional structures with more accura-
cy and less time [20]. Because of this over the past 
half-century the development of space grid struc-
tures came to an entirely different level. In addition 
to the development of computer technology, there 
are other important factors influenced on the rapid 
development of space grid structures. Firstly, it is 
the advanced equipment and great opportunities  
to produce efficient structures. Secondly, it is the 
requirement for large indoor areas, besides the 
problem has always been timely and is particularly 
acute in the design of buildings for mass sport and 
cultural events, meetings, exhibitions, etc. 

The problem of finding new structural forms  
to cover large areas has always been the main task 
of architects, engineers and scientists. A large 
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number of theoretical and experimental stu- 
dies were conducted by many universities and re-
search institutions in different countries. As a re-
sult, a considerable part of the results and deve- 
lopments was implemented in practice. New and 
creative solutions to the space grid structures most 
commonly implemented in the construction of 
sports arenas, exhibition halls, transport terminals, 
computer rooms, hangars for planes [21, 22], etc. 
There is a large number of different and interest 
configurations have built worldwide. Each of these 
structures has its advantages and disadvantages 
relative to one other, but all are united by one 
common difference. The difference is that the 
space grid structures are collected from modular 
elements which in only on axial compression or 
tension [23]. 

Despite the obvious advantages and favorable 
opportunities for the development space structural 
systems have one major drawback – the complex 
manufacture of nodal connections. 

The general trend in the development of struc-
tural designs is the tendency to minimize the num-
ber of sizes of modular elements, reduce the com-
plexity of the technological installation processes 
and reduce the complexity of the nodal connec-
tions. 

 

Design, construction and investigate  
the space grid structures 
 

Design issues of space grid structures from 
time to time attracted the attention of scientists all 
over the world. Previously analysis of the history 
of the structures development has shown that the 
appearance and development of each new structu- 
ral form is devoted to the desire to find the most 
cost-effective structural concept. Significant num-
ber of works of foreign and domestic scientists is 
devoted to this issue and the study of structural 
designs. Most of the works are related to the ra-
tional designing and finding of relevant geometric 
parameters [24]. In [25] constructive solutions and 
schemes, methods of calculation and installation 
methods have been studied, as well as investiga-
tions of the effect of the size and shapes of the 
structural elements on the stress-strain state and the 
mass of the structure. Research and further deve- 
lopment of constructive solutions for the space grid 
structures and methods of their calculation have 
performed by M. N. Kirsanov, V. I. Trofimov, 

R. I. Hisamov, V. N. Shimanovsky, A. V. Shima- 
novsky, J. Chilton, J. M. Gerrits, , Z. S. Makowski, 
G. S. Ramaswamy [26–29] and others. 

The main geometric parameters of structural 
designs are height H and the size of the module M. 
Height it is the distance between the top and bot-
tom chord, and the module it is the distance  
between the two joints in the top chord (fig. 1). 
Despite the fact that these parameters seem to be 
quite simple, properly chosen values can signifi-
cantly influence the cost of the structure. In turn, 
the height and size of the module is influenced by 
several parameters: the mesh type, the distance 
between supports, the form of the roof, as well as 
the nodal system. In fact, the height and size of the 
module are interconnected. The parameter that 
connects them is the angle α between the rod of the 
module and its horizontal projection. This angle 
should be between 30°–60°, but advisory in nature 
is equal to the angle of 45°. 

 

 
 

Fig. 1. Basic geometric dimensions of module  
for space grid structures 

 
Common ratio of height H to the size of the 

module M does not exist and, as a rule, is deter-
mined by practical experience. It is believed that 
the structural height of the structure is relatively 
small as compared with conventional structures. 
However, one must consider the fact that a small 
structural height with respect to the structures span 
creates the need for smaller size modules, which 
will promote the growth of their quantity, and 
hence the number of nodes, the total weight of the 
structure and cost structure. Structural optimizati- 
on is the best way to determine the optimal ratio  
of height to span. In [30], using the principles  
of structural optimization the optimal ratio spans 
search was carried out in the range of 24 to 72 m 
and a height of the space grid structures. Seven 
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types of gratings were investigated. The size and 
height of the modules were taken as a variable, and 
the total value was taken as the objective function, 
which was the sum of the cost of the elements, 
joints, roofing and enclosing materials. This ap-
proach made it possible to argue about the validity 
of the data. It has been found that the optimum  
design parameters for the various systems are dif-
ferent, and the module size generally increases 
with span. In addition, empirical formula was ob-
tained to determine the optimal ratio of the span and 
height. Based on these expressions, diagrams of de-
pendence between the span L and height H of the 
space grid structures were built (fig. 2) [30]. Also 
for comparison of the results fig. 2 showing further 
research in this area, which are discussed in [31]. 
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Fig. 2. Relation between depth and span of double-layer grids:  
——  – bottom boundary by Chinese Academy;  

——  – top boundary by Chinese Academy;    
—∆—  – bottom boundary by Lan; 

——  – top boundary by Lan 
 
Besides the optimal geometric dimensions of 

the modular elements in the design of structural 
designs the efficient and reliable constructive solu-
tion of the nodal connections occupies is also an 
important place. 

 
Review of existing nodal connections  
and their research 
 
As mentioned previously structural designs 

consist of rod members of different cross sections, 
which are joined at the nodes. Currently there are  
a large variety of nodal connections solutions but 
generally they can be divided into groups: 

Group I – the nodal connections are made with 
mounting welding; 

Group II – bolt connection or other modular  
elements are made without any welding. Such con-
nection depend on how the bolts in, can be divided 
into two subgroups, where nodes bolts working  
in compression or tension bolts and bolts which 
resist the shear; 

Group III – combined nodal connections.  
This group includes compounds in which welding 
is carried out in the factory, and the assembly with 
bolts on site. 

In most cases, manufacturing the nodes re-
quires the use of special connection parts – con-
nectors [32], and they can be manufactured from 
cast, forged or welded spheres, hemispheres, poly-
hedrons, and other forms [32]. 

Each group has its own advantages and disad-
vantages. The advantages of welded joints should 
include the ability to combine different number  
of rods from almost any angle. However, welded 
joints have a number of disadvantages, among 
which a large amount of welding; the complexity 
of the alignment angles and hence higher probabi- 
lity appearance of eccentricity; inability to reas-
sembling and disassembling; inhomogeneity resi- 
dual weld and welding stress; stringent require-
ments for a length of rod. Given this, widely 
spread welds have not received. 

Welded node connections include Oktaplatte 
system, Segmo, SDC and many others. The node 
system Oktaplatte is the most known among  
this class of connections. The German company 
Manessman developed it, and its feature lies in that 
the node consists of two hemispherical hollow 
steel parts that in the joint with steel diaphragm 
made as a disc. The most famous example of the 
use of Oktaplatte system is a pavilion built for the 
World New York Exhibition in 1964–1965. 

Bolt node connections include Sarton system, 
Premit, Triodetic, Mero, Space Deck, Envision, 
Unibat, Nodus, NS, Zachod, Berlin, Pyramitec, 
БрГТУ, System III, Pyramid Sphere System, He- 
misperical Node System, Unistrut, Mostostal, 
Newbat, TRIDI 2000; ONDDI, Uzay, Montal, 
Spherobat, Axent, Wuppermann, Orbik and many 
others. 

As can be seen from a review of the existing 
bolt nodal systems of structural designs in different 
countries own systems have been developed, 
which may be structurally differ from one another 
through connection way of rod elements, cross- 

 L, 

 H
, 
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sectional shape and form of the connector core  
elements. In the world practice of building space 
grid structures a nodal connection with axial bolts 
is widespread. The most popular among these sys-
tems as mentioned earlier is Mero system that was 
proposed by German designer M. Mengeringhau-
sen. This system for connecting of rod shaped ele-
ments involves the use of the connector, which is  
a solid steel spherical polyhedron shape with ar-
ranged in it threaded holes. This connector allows 
you to connect up to 18 of rod shaped elements, 
which are equipped with axle bolt and sleeve.  
The node Mero system has a significant number  
of modifications and improvements [33]. 

Analogues of Mero system are the Orona,  
Cubotto, Vestrut, Villeroy and other systems. Con-
nectors of such systems may consist of several 
parts, which are tightened a central bolt. 

Based on the overall review of the known nodal 
connections we can see that the overwhelming 
number of them have bolts and designed to com-
bine elements with tubular section. In most  
of these nodes bolts works in considerable axial 
tension or compression force. However, assembly 
errors, accidental damage or deformation can lead 
to bending moments that can cause the destruction 
of the bolts in the thread-free section. In [34]  
it suggested that the node connection of the tubular 
elements for space grid structures, which excludes 
the risk of the destruction bolt must working on  
a bend. The paper also refers to the universality  
of the developed connection and the possibility of 
its widespread use for covering various buildings 
and structures, also in the construction of arch type 
and domes, as well as in covers over the stands  
of stadiums. The efficiency of the developed node 
according to studies [34] is that it has been de-
signed to use standard bolts, which in double cross 
shear that increases by 2.0–2.5 times the load-
bearing capacity in comparison with special bolts 
used in Mero system. 

After analyzing specifics of the existing nodes 
of space grid structures and studies, from the per-
spective of ease of assembly, the most effective are 
the nodal connections with welded sheet. Such 
constructive solutions of nodes allow making their 
shapes simpler, and hence to reduce production 
costs. Less complex and more reliable are the node 
elements what constituted a single solid part: 
stamped, milled or bent because such nodes are not 
weakened due welds. 

Complexity level of nodal connections signifi-
cantly influences on the total cost of space grid 
structures, and consequently on the technical and 
economic feasibility of their application, because 
they account for 20 % of steel. Without exception, 
all space grid structures consist of rods and junc-
tions, so the mass of bars and nodal elements  
determines the total weight of the structure. Ac-
cording to [35], the total weight of the modular cell 
of space grid structures is determined by multiply-
ing the construction coefficient of space grid struc-
tures and rods weight. Moreover, weight of rods, 
depending on the type of lattice structure is defined 
by different formulas [35]. Also, in the mentioned 
work at graphs are displayed construction coeffi-
cients that were calculated for the most common 
nodal solutions and were set their values depen- 
ding on span of the structures. With these graphs  
it is possible to define the geometric parameters  
in which a particular type of node connections is 
efficient to use, for example, according to [35] for 
large spans covers Mero, Unistrut and КІBІ are not 
rational systems of nodal connections because con-
struction coefficients of these systems with in-
crease span have been rising, and when the span 
more than 40 m is much greater than the coeffi-
cient for flat trusses. 

The nodal connections, except weight, are 
characterized by pliability that has effect on stress-
strain state of structures. In space grid structures 
with a high degree of redundancy, pliability of 
nodal connections leads to a deviation of the actu-
al behavior of structures from the design scheme 
resulting in a redistribution of stresses in the struc-
ture. In addition, for the space grid structures, 
which combine elements of bolt normal accura- 
cy, pliability bolted connections should be consi- 
dered also because it leads to increase a structure 
deflection [36]. In this case, the total deflection, 
which are obtained for a system with fixed con-
nections, it is recommended to increase by 30 %, 
if the difference between the diameter of the bolt 
and hole 2–3 mm, and 20 % when the difference  
is 1.5 mm [37]. 

Also, the pliability of node connections, de-
pending on the type of space grid structures has 
varying degrees and shape of influence on its be-
havior. Accounting pliability of nodal connections 
for example for a mesh dome has allowed reducing 
the stresses in rod elements up to 15 % [38], but in 
the space grid slabs pliability has another effect.  
It was found that the redistribution of stresses in 



Сivil and Industrial Engineering 
 

 

 481 Наука  и техника. Т. 16, № 6 (2017) 
   Science and Technique. V. 16, No 6 (2017) 

space grid slabs is extremely uneven: in some ele-
ments pliability of bolt connection causes minor 
changes, in others the change stresses can reach  
up from 20 to 60 %, in addition in some elements 
the stresses can change the sign [36]. Therefore, 
the calculation of structures with bolted connec-
tions with their possible pliability should be taken 
into account for the purpose to obtain realistic be-
havior scheme. 

Pliability of nodal connections is possible to 
taken into account in several ways: by replacing 
the elastic modulus of the nodal connections;  
installation of elastic elements on the ends of the 
rods; modeling nodal connections as polygons. 
Accounting pliability of nodal connections by any 
of the methods shows the increase of structure de-
formability [38]. Pliability of nodes may also be 
eliminated or reduced by improving the quality of 
prefabricated elements or parts and the welded 
joints [35]. 

In addition, the choice of node connections and 
components of space grid structures should be  
carry out based on the integrity and reliability of 
the entire system. Errors that may occur during  
the design lead to increased consumption of mate-
rials, erection difficulties, inefficient operation and 
undesirable initial efforts. That is why the load-
bearing capacity of node connections should ex-
ceed the load-bearing capacity of the most stressful 
rod member in tension thereby making the neces-
sary reserve load-bearing capacity of structure.  
In this case, even in case of accidental failure  
of most stressful element or node, the situation  
is not dangerous, as there is a redistribution of 
stresses. In the case where at designing have the 
inequality that indicates the most stressful load 
bearing capacity has more than load bearing capa- 
city of node so there is overrun of steel [35]. 

That is why it is so important the choice of the 
nodal connections need to make comprehensive 
analysis of it in all points. 

 
Analysis of the results of research  
and the search for ways to improve the nodes 
 

Considering the above and after a number  
of various nodal connections of space grid struc-
tures have been considered. It was established that 
the determining factor in the making of the cost  
of the erection of the structures is the complexity 
of the connection node. This statement has been 
made based on that in general, the load-bearing 
capacity of space grid structures is dependent on 

the bearing capacity of the node, and when  
the node is designed with a significant reserve  
of strength, it is accompanied by the overrun  
of steel. Hence, than the node is simpler in to ma- 
nufacture and assembly, the less time-consuming, 
and therefore inherent safety factor will not cause 
large expenditure of steel. In addition, a small  
labor and material intensity positive effect on re-
ducing the total cost of coverage. 

As noted above depending on the way of as-
sembly, the nodes are classified in bolted, welded 
and combined, but bolted nodes are used widely 
because they have factory readiness and faster as-
sembly procedure. However, it should be noted 
that the welded joints can be used quite effective- 
ly. For example, if the components made in lap 
joint [39] instead of butt joints, it is possible to  
reduce the accuracy requirements for the lengths  
of rods. Also, for welded assemblies, at light loads, 
as the rods of the lattice can be used steel rods  
of round or square cross-section (fig. 3). 

 

 
 

Fig. 3. Welded node of space grid structure: 1 – bottom chord; 
2 – slanted rods; 3 – steel plate 

 
It has been proposed several ways to improve 

the space grid structures based on the information 
received, that caused a development of a concept 
new space rod system. The specifics of this system 
are in providing collaboration not only grid modu-
lar elements, but also plates, made with durable 
and efficient building materials, including translu-
cent. Constructively these systems consist of top 
and bottom cords and space lattice. At the same 
time, top chord is made of rigid plates that in com-
pression and transverse force, the bottom chord is 
made of flexible linear elements [40]. It should 
also be noted that this structure is modular, that is 
assembled from space structural modules which 
are completely produced at factory [41]. These 
systems have three types of modules. They are 
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support and span space modules and line modules 
from which make a flexible chord. This structural 
concept allows constructing cover with different 
forms and shapes, including a variety of shells [42]. 
Structural concept of such systems involves usage 
specially designed nodes for connection modules 
in the integral structure [43, 44]. 

The results of theoretical, numerical and expe- 
rimental studies of this system enable us to assert 
about its efficiency and reliability, as well as re-
sources saving, which is especially relevant in to-
day's construction industry [45]. 

 
CONCLUSIONS 

 
Considering the above, it was found that the 

nodal connections are members of structures that 
determine the cost of material consumption and 
complexity of installation work for space grid 
structures. Nodes are classified on bolted, welded 
and combined ones. Bolted and combined nodes 
are most widely used. It should be noted that a sig-
nificant number of existing nodes connections,  
including welded, involve the use of special  
steel connectors. Usage connectors, generally adds 
weight and complexity of assembly, and also re-
quires the production of works with high accuracy. 
The analysis of theoretical and experimental stu- 
dies have established that the most effective nodal 
connections are combined with gussets due to sim-
plicity of manufacture, low weight and absence  
of axial bolts. However, these nodes have signifi-
cant drawbacks. There are a large number of bolts 
and the complexity of using tubular rod elements 
and in the case of welding there is a significant 
total length of the assembly weld. Therefore, as a 
result of the theoretical studies highlighted effec-
tive nodal connections, but it remains a certain 
number of problematic issues that require further 
research. Hence has been developed the concept  
of the new space grid system, the constructive  
solution that will save both material and human 
resources in the construction of covers of different 
forms and shapes for large-span buildings. 
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