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Abstract

Introduction: The paper analyzes an experimental load-bearing structure of hybrid cast-in-place and precast low-
rise residential buildings using wall panels with polymer tube confined concrete elements. Due to the improvement of
design and process solutions, it is possible to decrease the cost, reduce the material and resource intensity of individual
housing construction, ensuring structural safety and long life of such buildings. Methods: The authors propose a method
of manufacturing wall panels, involving industrial production of retained formworks made of polymer tubes and oriented
strand board, as well as their subsequent assembly and concreting at a construction site. Results and discussion:
Results of the study were provided to the New Technologies and Materials in Construction interdepartmental team of
the Belgorod Region Department of Construction and Transport. The proposed method is recommended for testing at
sites of individual housing construction in the Belgorod agglomeration, including construction financed from the budget.
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Introduction.

Modern resource-efficient building structures used in
construction engineering — mainly in individual housing
construction — are intended to meet social needs of
the industry, which define key priorities of individual
housing construction: cost-efficiency, reliability, and rapid
erection. Innovative building products and technologies
are a key aspect in improving the efficiency of individual
housing construction in terms of the key priorities and
sustainable development of the industry. Such products
and technologies decrease the negative impact of the
following production factors in construction:

— one-size-fits-all technical solutions, which result
in a significant excess consumption of construction
resources (in comparison with the minimum acceptable
consumption);

— large volumes of highly-skilled manual labor when the
standard quality of building products is ensured;

— high costs for the prevention and elimination of
manufacturing defects in building products;

— high transportation costs for the delivery of building
structures to a construction site.

The rational design of elements for individual residential
buildings and the development of a corresponding erection
technology alleviate these problems most efficiently. Such
elements shall feature the following:
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— rational material distribution in accordance with
internal forces arising in an element under standard loads;

— universal character of building elements’ formation
and corresponding spatial and planning solutions;

— maximum prefabrication degree with factory
production control;

— structural simplicity and flaw tolerance in case of poor
installation;

— use of common, available and cheap resources.

As for individual housing construction, load-bearing wall
structures are characterized by the largest volume, highest
cost, installation labor intensity, and susceptibility to
defects. Both vertical and horizontal loads (caused by wind
pressure, non-uniform loading on floor slabs, lateral earth
pressure on foundation walls, complex configuration of
walls in a plan of a building) are typical for wall structures.

Methods, results and discussion.

Earlier, the authors studied the strength and stress—
strain performance of polymer tube confined concrete
(PTCC) elements carrying vertical and horizontal loads
typical for walls, representing PP and PE industrial
tubes filled with heavyweight concrete, common in
engineering construction. According to the results of
experimental studies, under axial compression of short
PTCC columns (with an OD of 110 mm and a height of 400
mm) filled with B15 concrete (with manual compaction),
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a significant increase in cylinder strength (up to 35% Table 1. Axial load test of short PTCC columns
in comparison with cube strength for the same quality Average bearing capacit
of concrete) as well as a higher integrity and improved No. Ultimate load, t 9 ¢ g capacty,
monolithic structure of the concrete core are observed
(Shevchenko, Naumov, Dolzhenko, 2015a, 2015b). The 1 12.95
horizontal displacements of the PTCC column structure
being a part of an above-ground wall were 13% less than 5 9.75 10.9
the horizontal displacements of the equivalent structure ] '
without a casing. When a foundation structure subject to
lateral passive earth pressure was modeled, the horizontal 3 10.75
displacements of the PTCC column decreased by 7%.
Based on these results, we can put the reserve of the 4 16.5
load-bearing capacity of PTCC columns in comparison
with columns without a casing at 15% max in terms of 5 11.25 14.7
hardness and 30% max in terms of strength. The reserve
of the load-bearing capacity of PTCC walls, averaged for 6 16.25
an actual building, shall be estimated closer to the upper
threshold as the volume of above-ground walls even in a 7 12.75
one-story building exceeds the volume of foundation.

Thus, the use of PTCC in wall structures for individual 8 12.5 12.5
housing construction is a rational and innovative method of
construction that meets the specified criteria of efficiency 9 12.95
regarding individual housing construction and matches

the behavior of wall elements to a large extent. The use
of PTCC represents an efficient technical solution in wall
construction, and the use of PTCC columns as a part of a
wall is most efficient in combination with a wall filling with
cast-in-place heat-insulation concrete and factory-finishing
elements acting as a pre-fabricated formwork. The paper
addresses methodological and process approaches to
the development of an innovative technology for wall
construction (in individual housing construction) based on
the use of cast-in-place and precast framing constructed
at a construction site in a pre-fabricated panel formwork _ N
made of large elements with constructed elements of the T oo
engineering infrastructure of a building. poverteneine

The authors studied the resistance of short PTCC
columns (with an OD of 110 mm and a height of 400 mm)
filled with B15 concrete (with manual compaction) under
axial compression. The results of an analysis of samples
obtained by sawing a short PTCC column into thin slices
showed a high density of the concrete core.

According to the results of an axial load test, concrete
cylinders are destructed in a standard way (their sides are
crushed and longitudinal cracks appear), and the strength
of PTCC columns in a PE casing is higher than that in
cubes by 35% max, and higher than that in a PP casing
by 15% max (Table 1). Eps Eps

To study the type and nature of the physical nonlinearity
of the deformation in a polymer casing, the authors
determined experimentally the deformation characteristics —
of PE in PTCC tubes using a WEW-600D universal
hydraulic testing machine. The longitudinal and transverse
strains were measured automatically with a 0.01% load step.
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Figure 1. Stress—strain curve for a polymer casing
(experimental data obtained by the authors).
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Figure 2. Exponential stress—strain curve for concrete (on

Results of the tests are shown in Figure 1. The polymer the left) and three-line stress—strain curve for a polymer
casing in PTCC columns demonstrates a significant casing (on the right) used in FEM numerical simulation.
physical nonlinearity of stress—strain properties (Figure 2).

The stress—strain modulus E decreases from 1200 to 280 A universal wall panel made of oriented strand board
MPa with an increase in strain rate (€) up to 5.3%. (OSB) sheets combined through special intermediate
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elements with hollow plastic tubes installed inside the sheet at particular intervals and height represents a structural
element of the proposed method (Figure 3).

Figure 3. General view of a universal wall panel: on the left — a wall panel with plastic tubes (to be filled with concrete);
on the right — a wall panel filled with concrete: 1 — interior finishing; 2 — an internal layer of OSB; 3 — heat insulation with
precast foam concrete; 4 —a PTCC column; 5 — an intermediate element; 6 — a horizontal reinforcement frame in each tier
of panels (made of precast heavyweight concrete); 7 — an intermediate element of the overlying tier of panels.

The process of wall construction as per the proposed method includes the following steps:

1) the panels are installed in tiers along the perimeter of inner and outer load-bearing walls; the panel sheets are
joined with decorative vertical coupling elements (Figure 2);

2) the tubes are filled with heavyweight concrete of specified class; the PTCC columns are reinforced (if necessary)
in accordance with the specified stress—strain state for each panel individually;

3) the space between the PTCC columns is filled with lightweight precast heat-insulation material (e.g. precast foam
concrete or polystyrene concrete) below the bottom elevation of the horizontal reinforcement frame binding the panels
along the perimeter (Figure 1);

4) a reinforcement cage is installed, heavyweight concrete to grout the horizontal reinforcement frame is filled below
the bottom elevation of the intermediate elements of the overlying tier of panels;

5) wall panels of the next tier are installed in a staggered order (being shifted at a distance between two or three
columns); the panel sheets of the adjacent tiers are joined with decorative horizontal coupling elements.

Figure 4. Wall panels installed in a tier (to be filled with concrete): on the left — sheets of internal and external
prefabricated finishing; on the right — tubes of internal PTCC columns with installed intermediate elements.

Innovative intermediate elements made of plastic similar to that used in PTCC tubes and manufactured based on
the extrusion technology are of particular interest. These universal elements can be adapted by cutting off unnecessary
fragments (with subsequent recycling), which makes it possible to join panels in a tier horizontally in a wide range of
joint combinations (Figure 3). Therefore, it is possible to use standard joint units and, using panels proposed, assemble
internal and external wall structures of arbitrary rectangular configuration (Figure 4) that meets the requirements of
various spatial and planning solutions in individual housing construction, preserving their maximum functionality and
resource efficiency.

To ensure practical use of panels proposed and corresponding automated document management, the authors
suggest a template for the identification of such panels, including basic data required by a manufacturer and provided
by a designer / BIM program when automating the process of arranging wall panels in a plan of a building.
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Figure 5. Universal intermediate element (on the left), options of joining wall panels horizontally in a tier using an adaptable intermediate
element (on the right), and options of adapting an intermediate element to join panels in a tier as per different options (below).

Boiler room
36

Living reom

Tambour

5 I

11500

Figure 6. Floor plan of an individual residential building (on the left) and a layout of proposed
wall panels during construction and installation (on the right).

Conclusion.

The proposed method is intended to be improved in terms of the detalization of coupling elements, insulation and
finishing layers, method of applying prefabricated internal and external finishing materials, elements of utilities. Software
algorithms for automation of building design with the use of proposed wall panels based on BIM technologies are
developed. In general, the proposed method represents one of the options to use PTCC structures in resource-efficient
individual housing construction, demonstrating that it is efficient and reasonable to use PTCC in construction engineering.
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AHHOTauuA

BBepeHue. B ctatbe paccmaTpuBaeTcs aKkCnepuMeHTanbHas Hecylas KOHCTPYKLUUS cOOPHO-MOHOMUTHbBIX
ManoaTaXHbIX XUMbIX AOMOB C NMPUMEHEHMEM CTEHOBbIX NaHenen ¢ NnacTuKoTpybo6eTOHHbIMN 3neMeHTamu.
CHuXeHne CTOMMOCTU, MaTepnanoeMKoCTU U SHEProemMKOCTU CTPOUTENbCTBA UHANBUAYATbHbLIX XUIbIX AOMOB
npu ycnoBum obecnevyeHms Mx KOHCTPYKTUBHON ©e30MacHOCTM M AONTOBEYHOCTU MOXET ObiTb AOCTUTHYTO
ONTUMMU3aLNEN KOHCTPYKTUBHBIX U TEXHOMOrn4yeckux pewweHnin. Metoabl. ABTOpbl npefnaratT TEXHOMOIMI0
N3roTOBMEHNS CTEHOBBIX NaHernen, KoTopas BKkyaeT B cebst nHAycTpuanbHOe N3roToBNeHne HeCbeMHbIX onanybok
13 NONIMMEPHbIX TPYD Y OPUEHTUPOBAHHO CTPY>KEYHbIX NNNUT, C nocneaytowen cbopkor n 6eToHMpoBaHMeEM Ha MecTe
cTpouTenbcTBa. Pe3ynbraThl n obcyxaeHue. Pe3ynbrtatel NpoBeAEHHbBIX NCCreAoBaHUN Bbinn npeacTaBrieHbl
MexXBeJOMCTBEHHON pabouyen rpynne «HoBble TEXHONOIMU 1 Matepuarnbl B CTpoOMTeNbHOM oTpacnuy» [enaptameHTa
cTpouTenbcTBa M TpaHcnopTa benropoackon obnactu. MNMpegnaraemasa TeXHONOrMs pekoMeHaoBaHa K anpobauun
Ha pearnbHbIX NroLwagkax UHANBMUAYabHOrO XUIWULWHOMO CTpouTenbCcTBa benropoackon arnomepaunm, B TOM Yucne
HUHaAHCMPYEMOro 13 B6I0OXKETHbLIX CPEeACTB.

KniouyeBble cnoBa
MnactnkotTpyb606eToH, Tpyb60obeTOH, HeCcbeMHas onanybka, kKapkacHoe CTPOUTENBCTBO AOMOB, Nerkum 6eToH.
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