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3D panels are considered to be up-to-date external structures with certain important features.
The article first presents what 3D panels are, why they should be used and then methods of panel
erection. We refer to their thermal resistance and present the advantages and disadvantages of using 3D panels.
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Introduction

Under present-day conditions of technological development new demands are required from science.
Particularly it concerns the introduction of technological achievements in the construction sector. Before
launching them into the construction process, they go through many stages: processing, testing and
commissioning. The main challenge of construction sector of the 20th century was to reduce construction period
and costs.

There is currently a crisis of fundamental innovation around the world and in many areas. For example,
not more than 7% of the natural raw material extracted in technologies for converting materials and energy is
consumed in the finished product and the rest is wasted or used in vain. The current situation has led to new
trends in the development of construction:

- Transition from discrete (cycle) technologies to continuous (intranet) production processes as the most

efficient and rational.

- Introduction of non-waste technology cycles into production as it is more environmentally friendly [1].
3D panels used in short-term buildings is one such environmentally friendly and affordable technology.

Conflict setting

The technology of 3D panels is based on polystyrene foam and the use of shotcreting method.
This advanced technology is unique in its simplicity and profitability; it reduces energy consumption
and allows reducing both construction costs and time spent on the construction.

3D panel is a versatile element used to create almost all basic building elements and
infrastructures (foundation, floors, walls, partitions, roof, stairs).

3D panel is a spatial structure consisting of a expanded polystyrene plate both sides of which are
fixed wire fabrics made of high strength wire. The mesh fabrics are connected by penetrating metal
rods [2]. Mesh fabrics are welded at an angle; it gives a spatial rigidity to the structure and
simultaneously prevents expanded polystyrene core shifting.

Main advantages and disadvantages of 3D panels compared to traditional building
structures:

3D panel consists of three-dimensional metal frame and expanded polystyrene foam light core.

The strength of this structure is additionally provided by diagonal cross rods attached to the
mesh on all sides.

Standard panel with dimensions of 3x1.2 m weighs about 20 kg.

The advantages of 3D panels are:
strength;
simplicity of structure;
the possibility to quickly and easily install with hands;
energy and heat savings;
absence of strict foundation requirements.
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As it has been already mentioned, the second component of 3D panels is expanded polystyrene
which means that 3D panels have an organic structure. Expanded polystyrene has the following major
disadvantages:

1. susceptible to UV degradation (corrosion);

2. low resistance to mechanical shock.

These two disadvantages of expanded polystyrene indicate that 3D panels with expanded
polystyrene are not suitable for long-term buildings.

Given the fact that the 3D panel is considered an organic material, its core deteriorates over the
years (25-30 years) and becomes a sandlike mass. It follows that after deterioration of the core two
layers of foam concrete remain and the air between the layers, resulting in a complete change of
thermal resistance and an adverse effect, as the thermal resistance of the air layer is quite low.
Therefore, when calculating the durability of 3D panels, it is also necessary to calculate the thermal
resistance.

The thermal resistance is calculated by the following formula:
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where:
A — coefficient of thermal conductivity
8 — layer thickness
K — heat transfer coefficient
R — heat transfer resistance
Using formula 1, we will have in our example:

1 1 1
K=c—-= = = 0.61W/m*°C
TR-1.5,.5, 6., 1 1 0035 007 008 1
@t T, Ta, 877 15 0057 15 23

where:
d; = 35mm thickness of the first layer
45 = 70mm thickness of the second layer
43 = 40mm thickness of the third layer

A; = L5 W/m"C the first and the third layers coefficient of thermal conductivity
A, =0.05W/m*°C the second layer coefficient of thermal conductivity
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Reinforcing mesh A-1 @3mm

Foamed concrete

Expanded polystyrene

Foamed concrete

Fig. 1 Schematic structure of 3D panel
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Features of erecting 3D panels

Now let us discuss the technology of assembly of elements and general installation more
detailed. The 3D panel is a spatial branched structure consisted of high quality wire fastening meshes
and rods which are welded at an angle with polystyrene foam and are held by fire rod (Fig.2).

Fig. 2 Structure of 3D panels

Shotcreting is one of the most important stages of erecting 3D. This is a method of applying
concrete layer or other mortar (plaster, clay) to the surface of concrete or reinforced concrete
structures. This is a coating with foamed concrete. Shotcreting is applied under the compressed air
pressure as a result of which the cement particles interact closely with the surface of the structure
filling even the cracks and small pores (Fig. 3) [3].

Fig. 3 Shotcreting process

Fast-hardening cement is used when a method of shotcreting with foamed concrete is applied.
The panel is coated with 4-5cm thick foamed concrete layer from the outside and with 3-4 cm thick
layer — from the inside.

3D panels can be applied to any building if the service life of the building and the heat-
resistance calculation match [4].

3D panels are also used for internal walls. To ensure surface roughness the installation of panels
starts at the corner of the building and they are successively fixed with reinforcing bars ensuring them
with a soft wire. Installation of panels in one of the floors takes an average two-three days.
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Fig. 4 Window and door parts installation

Installation of utilities is another important point in the building erection. The advantage of this
technology is that it is quite easy to install all communications or initially to identify them considering
the correct technological sequence of work. After all the steps are completed, proceed to the next
design - the roof. 3D panels allow you to get any angle the most convenient for the roof.

Smooth surface allows to apply absolutely any type of coating [5].

Research results

The use of 3D panels provides the most rationality in economic terms. Compared to other
traditional building structures, the cost of 3D panels is reduced by 60-70%. In addition, any method of
interior decoration can be used: paints, wallpapers, tiles etc.

Combining correctly all structures we can obtain an appropriate reinforced concrete structure
where the 3D panels are completed with reinforced concrete mesh.

The result is a building with fairly simple construction method.

Conclusion

Consequently as a result of our research we realized that 3D panels are one of the contemporary
construction innovations and are widely used abroad. They are especially important when used in the
short-term buildings.

An important advantage of 3D panels is that they are efficient. Compared to traditional
constructions, 3D panels have a low cost threshold. However, in addition to the advantages, 3D panels
have disadvantages making them suitable for buildings with short-term maintenance as due to air
temperature fluctuations they will be corroded and the building will become unreliable.

Hence, these studies allow to realize that for meeting current construction requirements, the
infrastructures or structures with features complying all the proposed construction requirements like
3D panels shall be used.

References

1. bameua I''M. B15 CoBpemeHHBIE TEXHOJIOIMH CTPOMTEIBCTBA M PEKOHCTPYKLMH 3HaHUH /
[erepOypr, 2013. 153 c.
2. 3D-manemu. [DOnextpoHHbId pecypc]. Pexum pocryma: http://3dcomplect.com/3d-paneli/

(marta obpamenus: 20.04.2019).
59



ARCHITECTURE AND CONSTRUCTION

3. Kamyrmna lO.E., BbabGano B.B., CoBpemeHHas TEXHOJOTMSI CTPOUTEIBCTBA JIOMOB C
npumeneHneM 3d-naneneii, Coppemennsle naHOBanuu Ne 2(30) 2018, c. 23.

4. CrpoutensCTBO CBOMMH pyKamu aoma u3 3D nanenel U TeXHOJIOTHS
TOPKpETHpOBaHUsL. [ DIeKTpOoHHBII pecypc]. Pexum noctyna: http://kak-svoimi-
rukami.com/2012/09/stroitelstvo-svoimi-rukami-doma-iz-3d-panelej-i-texnologiya-
torkretirovaniya/ (nara obpamenus: 21.04.2019).

5. KOmuna A.®D. CTpoUTENBCTBO JKWJIBIX M OOIIECTBEHHBIX 3JaHUM : Y4eOHUK IS CTYI.
yupexaeHuin cpen. mnpod. oOpasoanus / A.®D. Omuna. M.: H3nartenbCkuii 1eHTP
«Axagemus», 2011, 10-20 c.

References

1. Badyin G.M., B15 Modern technologies for the construction and reconstruction of buildings /
Petersburg: Petersburg, 2013, p. 153.

2. 3D panels. [Electronic resource]. Access mode: http://3dcomplect.com/3d-paneli/ (accessed
date: 04/20/2019).

3. Kalugina Yu.E., Babanov V.V., Modern technology for building houses using 3d panels,
Modern innovations No. 2 (30) 2018, p. 23.

4. DIY construction of houses from 3D panels and shotcrete technology. [Electronic resource].
Access mode: http://kak-svoimi-rukami.com/2012/09/stroitelstvo-svoimi-rukami-doma-iz-3d-
panelej-i-texnologiya-torkretirovaniya/ (accessed: 04/21/2019).

5. Yudina A.F., Construction of residential and public buildings: a textbook for students.
institutions environments. prof. education / Publishing Center “Academy”, 2011, 10-20 p.

{87 - 691.328.413:692.522.2

3D MULLLLENh O4SUANronhU L YUrSUWdUU UES ThLNRE3NRLLEMNRY
nrnsu UrsuLhL uNLUSrNrUShl

U. 6. Mbwpnujwi, U. Y. MGwnpnuyu
Bunpwpwwbipnysywb b phtiwnwpnisuwt <wywuiypwih wqquiht hwdwuwpuwb, <<, p. bpluut

3D wwububpp hwdwpynw tu dwdwuwlywyhg shtwpwpwlywt wpunwpht Yntuunpniyghw,
npnup ntubu npnawyh Yuplinp wnwuduwhwwnynyeniutbn:

<nnywdénud bwfu ubpyuwjwgynud k, e hus Gu hpbiughg ubpyujwgunud 3D wwubjutipp, hush
hwdwp £ wuhpwdbon npwug Yhpwnnyeniup, nphg hbinn ubpywjwgynwd &, b hus dbpnnutpny &
wju dnuwnwdynw: Uunpwnwnunw Gup upw obpdwiht nhdwnpnnuywunyzjwup: LEpYwjwgynid Gu
uwl 3D wwubutph Yhpwndwu wnwybinyeniuubpt nu hpnugyniuutipp:

Pwuwih pwnbp. 3D wwububp, Ynuunpniyghw, 2htwpwpnienu, shtwpwpwlwu
wbfuuninghwubp, thpthpwpbunu, nnpypbunwynpnid:
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HCIIOJIb30BAHUE 3D-IIAHEJIEM B HEJOJITOBEUHBIX COOPYKEHU B
KOYECTBE HAPYKHbBIX KOHCTPYKIIUH

C.E. Iletpocsn, C.K. Ilerpocsin
Hayuonanvuwiii ynueepcumem apxumexmypul u cmpoumenscmea Apmenuu, 2. Epesan, PA

3D maHenu CUMUTAIOTCS COBPEMEHHBIMH BHEIIHUMU CTOPOUTEIBHBIMU KOHCTPYKIIUSIMH,
KOTOpBIE UMEIOT HEKOTOPhIE BAKHBIE CBOUCTBHUSL.

B cratbe criepBa TOBOPUTHCS UTO U3 ceOs mpeACTaBisioT 3D maHenu, Uisl 4ero Ba)KHbI MXHUE
WCTIONB3BIBAHUE, & TAK K€ TOBOPUTHCS KaK 3TH KOHCTPYKIIUU MOHTAXHUPYEThCs. MBI cChUTaeMCsl Ha
€ro TEIUIOBOE COIMPOTHBIIEHUE. TaKke MpeACTaBICHBI MPEUMYIIEeCTBA U HEIOCTATKA HCIOIH30BAHMS
3D naneneii.

KmroueBble ciaoBa: 3D mnaHenu, CTPOUTENIBCTBO, CTPOUTENBHBIC TEXHOJIOTMH, IEHOOETOH,
KJ1aJlKa, TOPKPETUPOBAHHUE.
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