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Abstract. The authors suggest a new forming system designed for strengthening certain structural elements, by means of widening, for the purpose of reconstruction of buildings and works. A prefabricated “transformer” decking is a versatile forming system, which can be arranged both as a three-dimensional closed P-structure and as a flat structure, depending on the purpose or type of a specific structural element to be strengthened and the work method to be employed. It is also technology intensive, requiring approximately 3-4 times less labor effort as compared to conventional small-panel forms used for reconstruction and overhaul of construction systems. The newly developed forming system is consistent with the environmental safety requirements, having a deck made of porous artificial wood instead of natural wood, as was previously substantiated by the authors’ calculations. Because porous artificial wood, having all the benefits of natural wood (i.e. ease of processing), is free of its drawbacks, a “transformer” form is flameproof and moisture resistant. Enhanced usability of such a forming system is achieved through the use of a material reliable in operation and easy for processing.  
Introduction
The relevance of the selected topic is associated with an increasing scope of reconstruction of buildings and works, being one of the main aspects of sustainable development of urban space [1-3] and provision of housing [4-6] for urban population. The rationality and comfort of municipal and any other residential environment are a function of improved performance parameters (also accomplished through overhaul) and enhanced operational and environmental safety of existing buildings and works [7,8].  
The reconstruction and overhaul of buildings and works involve the strengthening or rehabilitation of their main load-bearing structural elements: foundations, columns, walls etc. [9].  
One of the key strengthening methods as part of building reconstruction is the widening (increase of cross-section and accordingly, volume) of underlying structural elements (pier foundations, columns, beams etc.), in particular, by building a concrete collar or jacket. The conventional work methods employ forming systems or concrete spraying techniques. Although there are various innovative methods for strengthening building structures without the use of forming systems, and recent years have seen an active development of permanent forms made of composite materials [10-16], conventional forming systems are still popular in terms of strengthening various structural elements as part of reconstruction and overhaul of construction systems. 
The analysis of publications [17-21] shows that the development and improvement methods are mainly focused on forming systems used for building new properties, where a form, being a permanent structure, often becomes a part of the structural elements to be erected. This approach allows reducing labor input in construction, improve the quality of construction works and cut down construction costs. Apart from permanent forms, cast-in-situ structures of new properties use various highly reusable prefabricated forms, while reconstruction and overhaul projects use small-panel wooden forms arranged immediately on the construction site. Installation and dismantling of such forms increase the cost of overhaul and reconstruction, and give a 10-15 % rise in the consumption of wood. 

Goal, tasks, methods of study 
The goal of this work is to develop a new highly reusable transformer decking, experimentally substantiate its use for strengthening of pier foundations and columns, as well as for reconstruction and overhaul of retaining walls.  
To achieve this goal, the following tasks were completed: boosting technology intensity by reducing the number of process operations as part of form installation and dismantling; making the forming system highly reusable through the adoption of materials which are reliable in operation, easy for processing, relatively low-weight, and so on.
Considering that the modern forming systems used to strengthen structural elements are most commonly made of expensive materials (wood, metal) and should be replaced with their more economical counterparts, a hypothesis arose featuring artificial wood as the decking (board) material for the suggested transformer decking. Previously, the need for use of innovative technologies in the reconstruction of buildings and works was dicussed by the authors in [9, 22]. 
The principal methods and means for meeting the task (subject matter) of the study are the analysis and comparison of various forming systems of domestic and foreign manufacturers used for erection and strengthening of columns and walls, together with the building of an imitation model of a transformer decking and its experimental substantiation. 
The practical value of the study consists in the application of its results for the purpose of strengthening building structures by way of widening, with minimum labor input.
Design of new forming system 
The framing of the forming system consists of wooden bars with dimensions of 40 х 100 mm, pair-wise connected by piano hinges (figure 1 shows regular wooden hinges instead of piano hinges). This connection method allows for arranging the main (framing) bars of a forming system at an angle of 900 against each other (Γ-shaped arrangement), or stretching them out in a flat configuration. A forming system for strengthening columns (by means of widening to increase their cross-section) is assembled by securing Π-shaped metallic brackets on the four sides of the system framing. The brackets are closed from below and interconnected by planks (refer with: Fig.1). 
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Fig. 1. Design of a forming system without a board
The planks placed in the metallic brackets, which are mounted at a certain interval, ensure rigidity of the forming system, where the brackets must always be secured at the lower and upper ends of the system framing. The width of a plank depends on its length, and the number of planks depends on the interval between the brackets. To provide the necessary column diameter, plastic blocks are mounted on the inner side of the Γ-shaped elements, and at the lower and upper ends. The blocks are screwed onto dowels provided in the Γ-shaped elements and have a length determined according to the thickness of the element to be widended. The decking is placed so as to seat in the framing grooves (refer with: Fig.2). 
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Fig. 2. General view of the framing element (a), setting the deck in framing grooves (b)

Figure 3 shows the deck cross-section, where the dimensions of the part marked by red circle correspond to the framing grooves.
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Fig. 3. Deck cross-section
Due to the projecting part, the deck forms a smooth surface leveled with the framing. The general view and stage-wise assembly of the form sections are illustrated in figure 4.
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Fig. 4.  Assembly of the forming system:  a – framing assembly; b – deck mounting; c – part of the forming system with the deck set in place; d  – as-assembled forming system

Figure 5 shows a forming system used for strengthening walls, including retaining walls, transformed into a flat arrangement.
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Fig. 5.   Flat arrangement of the forming system: a – assembly of the main framing elements; b – securing by planks; c  – setting the boards in grooves; d  – ready-for-use forming system
Experimental part
The experimental part was completed to determine the technology intensity of the suggested forming system, i.e. the amount of labor involved in its installation and dismantling. The deck was made of an oriented strand board (OSB) sheet with suitable dimensions. The labor input involved in the preliminary assembly of the forming system, as well as its installation on the site for widening a structural element (in this case, a column) and subsequent dismantling, was lower, albeit insignificantly, than for conventional forming systems used for strengthening (widening) of building structures (refer with: Fig. 6). 
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Fig. 6.   Installation and dismantling labor input for conventional forms and the new form,  man/h/m2

As such, one technological solution is accomplished, although as experience shows existing large-panel forming systems can be adapted to increase the cross-section of structural elements (columns, pier foundations, beams etc.) for the purpose of building reconstruction. A second technological solution stems from the ability of a forming system to easily transform into a flat arrangement. The versatility of the forming system is associated with its potential arrangement as a steel-concrete shell used for building reconstruction.
For saving natural wood, the deck of the suggested forming system can be made of Vinyzol porous artificial wood (PID-IV) developed by the Irkutsk scientists [23]. The design analysis [24] helped prove that Vinyzol, including all its technical characteristics, is suitable as a deck material for the suggested structural pattern. 
Summary
 The new forming system meets the recent requirements for technology intensity, as it requires minimum labor input for installation and dismantling. It is also versatile, as it can be used for strengthening various structural elements (by way of their widening) and creating steel-concrete shells as part of building reconstruction. The forming system can be configured both as a three-dimensional closed P-structure and as a flat structure, depending on the purpose or type of a structural element to be strengthened and the work method. 
A transformer decking meets the environmental safety requirements as follows:
- Porous artificial wood can be used instead of natural wood as substantiated by the design analysis.
- Porous artificial wood, having all the benefits of natural wood (easy for processing with carpenter tools), at the same time lacks its drawbacks. As a result, the suggested forming system is flameproof, moisture resistant, and more resistant to various chemical impacts.  
It is important to note that PID-IV is made of two types of solid industrial waste – organic and mineral (TPP carryover ash), and industrial waste is less contaminated than domestic waste.As compared to existing forming systems, the suggested system has a lower cost because porous artificial wood is produced domestically. 
The novelty of this work consists in offering a transformer type decking which is technology intensive, versatile, economical and made of a material capable of replacing natural wood. The latter eventually ensures the maintenance of balance in the natural environment.  The theoretical importance of this paper lies in the fact that it can be used as a basis for the development of new forming systems. The practical importance is delivered by the solutions offered for overhaul and strengthening of structural elements at the lowest cost.
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