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INTRODUCTION
Recently, the priority direction of energy efficiency development policy of the state is the introduction of modern resource-economic structures, which lead to a significant reduction in material consumption and improve performance. The emergence of new light metal structures encourages designers to search for optimal solutions. Designers solve a number of problems concerning reduction of weight, increase of stability and rigidity of designs due to application of new light metal beams and frames.

The objectives of the study are to analyze the European experience in the design of light beams and frames, the presentation of new effective truss structures for possible further application in Ukraine and abroad.

The European single storey buildings use steel framed structures and metallic cladding of all types. Large open spaces can be created, which are efficient, easy to maintain and are adaptable as demand changes. Single storey buildings are a “core” market for steel. However, the use of steel in this type of construction varies in each European country. Single storey buildings tend to be large enclosures, but may require space for other uses, such as offices, handling and transportation, overhead cranes etc 

1. Aadvantages of steel structures ( European approaches)
Structural steel isn't just for skyscrapers, large agriculture buildings and garages. There are multiple reasons why steel makes an attractive building option from start to finish, not the least of which are: sustainability; affordability; durability.
From full-throttle metal building projects, to hybrid construction projects that leverage the attributes of both wood and steel, the modern builder has a wealth of options to choose from.

Steel is a versatile building material, which has led to its inclusion in nearly every stage of the construction process from framing and floor joists, to roofing materials. Here are some of the main benefits that make structural steel such a reliable choice (Table 1)
.

Faster construction times means fewer interest payments to the lender, who typically requires that interest-payments are made through the duration of the construction process. When bundled together, these cost-saving benefits make steel one of the most affordable building products on the market.

Single storey buildings are the largest sector of the Europe structural steelwork market. These buildings are typically used for workshops, factories, industrial and distribution warehouses and retail and leisure. Figure 1 shows examples of resource-saving metal constructions in Europe.
In the design of steel buildings of civil and industrial use, the spatial steel structures, which have significant advantages over the plane, are becoming more widespread in recent years. The main advantages of this type of constructions are a significant reduction in the mass of buildings, reducing the length of installation, and at the same time ensuring the maintenance of operating costs. It is possible to increase the efficiency indicators due to the use of light effective box-shaped sections and new outlines of frames with a spatial lattice.
Table 1 – Aadvantages of steel structures ( European approaches)
	ADVANTAGES 
	CHARACTERISTICS

	Steel is lighter than wood
	In addition to decreasing the labor required to build with steel, the lighter-weight advantage reduces materials shipping costs, and can also simplify the design of a building's foundation and other structural support systems, which can further reduce project budgets.

	You Can Build Faster With Steel
	Time has always equaled money, but it seems like this high-tech era of ours has made it so that every clients wants their building to come in under budget and ahead of schedule.  Steel parts are pre-engineered to a specific design inside the manufacturing plant and are shipped out, ready to be erected. This speeds up construction time significantly, making it possible to complete large-scale projects in a matter of weeks. Because the fabrication process is highly quality-controlled, project managers can place their attention on other issues and the pre-cut, ready to assemble parts eliminate the need for measuring and cutting on site. This also takes the element of human error out of the equation, reducing the amount of time spent assembling something only to find out it needs to be re-measured, cut and installed again. In addition to project time and budget issues, a faster construction timeline also reduces the amount of time your construction project impedes traffic, affects the flow into and out of surrounding businesses and any water or utility disruptions to nearby buildings.

	Save Money With Steel
	Much of the cost savings you'll gain can be inferred from the labor and cost benefits of decreased construction time. However, building with steel also saves money via other first time and lifetime savings.

	Steel can be recycled
	Your company will be able to recycle steel and metal building components. Due to interest in decreasing unnecessary construction waste, most waste removal companies have subsidized programs allowing them to pick up your steel and metal building waste.

	Because steel is so durable, and requires so little maintenance, it is a more economic choice 
	Due to a steel structures' almost unrivaled ability to withstand high winds, heavy snow loads, fire and seismic activities, combined with their resistance to pests and decay, insurance companies often offer lower premiums on policies underwritten for metal buildings.

	Steel is Incredibly Versatile
	The versatility of steel is unrivaled. Architects and designers like steel's ability to let their artistic imaginations run wild, while still having the ability to design and construct a building that is both safe and resilient. This durability is also what allows for the versatile design of large, clear span buildings such as hangars, warehouses and indoor arenas. 

	It's Environmentally Friendly.
	Steel is made from recycled materials and can be recycled at the end of its lifespan, one of the many reasons why it can earn builders points toward major green building certification programs. When combined with other design enhancements, steel buildings are incredibly energy efficient. The connections between high-quality, prefabricated steel parts is so exact that with the addition of adequate insulation, they are air-tight and comfortable, ensuring the building has a completely sealed envelope. Roof panels are primed and ready to host a solar array and  cool metal roofing products dramatically decrease solar heat gain, further increasing energy savings.


Therefore, the popularization of cross sections of such structures stimulates the development of effective structural elements and, accordingly, the normative basis for calculating this type of constructive forms. Current issues for today are the design of new constructive forms and outlines of constructions, the use of modern effective materials, increased resistance to corrosion damage and durability. In construction, there is a need to apply the latest technological developments in the construction of public, administrative, warehouse, industrial buildings and structures.
[image: image1.jpg]




 INCLUDEPICTURE "https://www.steelconstruction.info/images/thumb/b/b8/Brigg_Renewable_Energy_Plant-1.jpg/800px-Brigg_Renewable_Energy_Plant-1.jpg" \* MERGEFORMATINET [image: image2.jpg]Vo v

WV /K
Wi





[image: image3.jpg]i
|




[image: image4.jpg]



Fig.1 – Examples of resource-saving metal constructions in Europe

Modern construction development requires the use of
cost-effective, lightweight, durable, aesthetically expressive, reliable building structures. Traditional trusses were used in construction for a long period, but the desire to reduce metal consumption led to the creation of new type frames.
2. Development of new resource-saving metal constructions
Works

 are devoted to the complex evaluation and systematization of existing construction constructions of this type of objects of civil and industrial use. The work of authors on this topic is presented in
. 
Unsolved earlier part of the problem is that with the rapid pace of construction in our country, the need to find new effective, structural shapes and sections of light metal constructions is increasing.

On the basis of foreign and domestic experience in the application of steel structures, the purpose of the study was formulated, which consists in developing new framing solutions for frames and identifying their main advantages over traditional solutions.
Based on previous experimental and theoretical studies the expediency of using frames with box sections has been proved, therefore the constructive solution of light efficient frame which can be used in the construction of civil and industrial objects is presented below.
To foreign sources, where the research results of frames are indicated 





. 

An effective construction of a steel frame with a spatial cross-section with the use of pipes or closed box-shaped sections is proposed. The design feature of these frames is that all the elements of the rack and the bolt are made of three branches, which provides stability. Cross sections in all cases are made of pipes or rectangular profiles. The distance between the branches is due to the stiffness of both the plane and the plane of the elements of the frame, which provides the corresponding deformability of the structure. The joints of elements in the design are assumed to be hinged. Loading in the nodes was taken close to the actual vertical and lateral.
Two knots of a spatial frame are offered, namely: a cornice assembly knot with spatial elements from round pipes (Fig. 2) 
[12] and a combination assembly knot with spatial elements of square pipes (Fig. 3) 
[13].

Application of the proposed connections on the couplings by welding on the construction site will allow to increase tolerances in the manufacture of this type of structures. Metal-bearing sleeve connections are not higher than the flanged ones. If necessary, it is possible to use couplings with slanting joints. For joints it is possible to use the equipment of automatic (semi-automatic) welding of pipes. The growth of the complexity of the manufacture of spatial constructions overlaps by reducing the material constructions, which makes it possible to obtain more economical designs.
Frames from round and square electric welded pipes are among the most efficient structures for steel consumption. Frames are recommended for use in civil and industrial buildings with spans up to 30 m in combination with light walling (steel profiled flooring, etc.). 
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Fig.2 – Cornice assembly knot of a metal frame with spatial elements from round pipes:

a) the general scheme; b) section 1-1 (section of the spatial element of the bolt); c) the circuit of the assembly element of the cornice unit; d) a conventional welded joint of round pipes with the help of clips.
Notes: 1 – belt of round tubes of a triangular cross section of the bolt; 2 – tubular elements of the lattice of spatial sections; 3 – connecting circles of circular pipes, respectively, 2 – 6 mm larger internal diameter than the outer diameter of pipes connecting elements; 4 – the elements of the belts and the lattice, which are connected by means of the clips; 5 – spatial racks of the frame; 6 – spatial crossbars frame; 7 – sections of the connection of the rack (5) and the bolt (6) with the assembly element of the cornice joint; 8 – assembly gap of the connecting elements. 
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Fig. 3 – Combination assembly knot of a metal frame with spatial elements of square pipes:

a) the general scheme; b) section 1-1 (section of the spatial element of the bolt); c) the circuit of the assembly element of the site; d) the conventional welded joint of a square tube with the help of clips.

Notes: 1 – the upper belt in the form of two square tubes; 2 – the lower belt of a square tube; 3 – elements of a lattice made of square pipes of smaller size than belts; 4 – the section of connected elements; 5 – the assembly clip in the internal section is larger (2 ÷ 6) mm than the connecting elements; 6 – assembly welding; 7 – assembly sections; 8 – replaceable assembly gap.

Frames from round electric-welded pipes are very economical due to the rational shape of the profile and the non-faceted connections of the grid elements with belts. Round tube has the most favorable for compressed elements distribution of material relative to the center of gravity and large radius of inertia, the same in all directions, which provides increased overall and local stability of the rods, good torsional work. The advantages of this type of farm should include and the possibility of using high-strength steels.
CONCLUSIONS 

New structural solutions of steel spatial frames, which have high characteristics of bearing capacity and architectural expression, are proposed, minimize material and labor costs. This type of construction has increased characteristics of the overall stability of individual elements and the system as a whole, both in plane and plane. The considered assemblies on the couplings make it possible to simplify the connection on the construction site and take into account the tolerances in the manufacture.
SUMMARY
The objectives of this study are to analyze the European experience in the design of light beams and frames, the presentation of new effective truss structures for possible further application in Ukraine and abroad. The main advantages of steel structures ( European approaches) are given. Two knots of a spatial frame are offered, namely: a cornice assembly knot with spatial elements from round pipes and a combination assembly knot with spatial elements of square pipes. Application of the proposed connections on the couplings by welding on the construction site will allow to increase tolerances in the manufacture of this type of structures. Metal-bearing sleeve connections are not higher than the flanged ones. If necessary, it is possible to use couplings with slanting joints. For joints it is possible to use the equipment of automatic (semi-automatic) welding of pipes. The growth of the complexity of the manufacture of spatial constructions overlaps by reducing the material constructions, which makes it possible to obtain more economical designs.
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