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in a place of window framing to the wall of residential and public buildings, which were massively produced in
the second half of the twentieth century. Condensation can be avoided by raising the surface temperature of the
inner window jamb extensions. This can be done by adding an additional insulation or displacement of the block
frame window inside the building. The aim of the work is to calculate the appropriate values of the displacement
of the block frame window inside the wall of different types for the climatic conditions of the Kirovograd region.

The framing of metal-plastic windows to the walls of various structures that were produced in the
second half of the twentieth century are analyzed. The insulation is performed in accordance with DBN B.2.6-
31-2016. The lowest design temperature of the coldest five-day period within the territory of the Kirovograd
Region is -24 °C. As a safety margin, the dew point temperature for residential and public buildings for various
purposes is taken to be +11 °C. Finite element modeling in the THERM program environment made it possible
to construct the temperature fields of the framing of metal-plastic windows to the walls of various structures and
to obtain the very temperature of the inner window jamb extensions at various positions of the window frame
within the wall. For each of the nodes examined, the possibility of condensation on the inner surfaces of the
walls was established taking into account the position of window frame within the wall.

As a result of the studies, it was found that the nodes of the side framing of the windows to the brick
and panel walls of civil buildings without additional facade insulation do not meet the requirements for thermal
reliability according to the condensation criterion. Facade insulation of existing or new walls, made in
accordance with the requirements of DBN B.2.6-31-2016 "Thermal insulation of buildings", in almost all cases
guarantees the absence of condensation on the internal surfaces of window jambs.
outside walls, windows framing, surface temperature, condensation
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Architectural and constructive decisions of a triangular
reinforced concrete arch with a self-stressed steel brace

The article describes the influence of overall dimensions, namely the ratio of lifting height to the span
of the triangular reinforced concrete arch of the coating, to the change in internal forces in its cross sections. The
change of axial force in steel rods and reinforced concrete half-panels and the change of bending moment in
reinforced concrete half-panels depending on the angle of inclination of roof are determined. According to the
obtained values of the effort, the required diameters of the working reinforcement and its cost are determined.
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APXHTEKTYPHO-KOHCTPYKTHBHBIE PellleHHs] TPeYroJibHOi Ke/ie300eTOHHOH apKH ¢

CAMOHANPSIKEHHON CTAJIbHOM 3aTIKKOMN

B cratpe onmcaHo BiausiHUE Fa6apI/ITHI>IX pa3MepoB, a MMCHHO OTHOLICHUEC BbBICOTHI IOABEMA K IIPOJICTY
Tpeyl"OJ’ILHOﬁ JKe1e300€ TOHHOM APKH MOKPBITUSA, HA U3BMCHCHUC BHYTPCHHUX YCI/IHI/Iﬁ B €€ CCUYCHUAX U pacxoJa
MaTe€pruajIoB Ha €€ H3TOTOBJICHHUE. Onpeﬂeneﬂo HN3MCHCHUC HpOI[OJIBHOﬁ CHJIBI B CTaJIbBHOM TSKE€ H
JKeJIE300€ TOHHBIX TMOJTyNIaHEJIAX, a TAK)KE N3MCHCHUE H3rn6a}0mero MOMEHTA B KEJI€300€ TOHHBIX TIOJTYTTaHEJIAX
B 3aBUCHUMOCTH OT YyIJjla HAaKJIOHAa KPOBJIN. Ilo TIOJTYY€HHBIM 3HAYCHHUAM yCI/IJII/Iﬁ ONPECIICHBI H606XO,Z[I/IMBIS
JIMaMeTPBI pabovyero apMUPOBAHUS U €T0 CTOUMOCTb.
TPpeyYrojaoHast JKejIe300eTOHHAS apKa INOKpPbLITHUSA, CaMOHANPSKEHHAsA  3aTHKKa, APXUTEKTYPHO-
KOHCTPYKTHBHEIE PelIeHHus

Statement of the problem. All buildings and structures must meet the requirements
of expediency, functionality, technical, operational, architectural, economic, environmental,
special [1]. These requirements should be addressed simultaneously, constantly analyzing the
impact of a decision on ensuring compliance with each of the requirements. For example,
ensuring the architectural uniqueness of a building immediately affects the cost of its
construction. At the same time, it is necessary to monitor the impact of the results of
engineering calculations on the change of architectural and design decisions.

An analysis of recent research and publications that have begun to address this
issue. Sometimes it is necessary to erect a building in a very limited time. In this case,
economy and industriality play a crucial role in relation to other requirements. As a result, a
whole class of so-called "prefabricated buildings" emerged. The scope of operation of
prefabricated buildings is often limited to industrial buildings for agricultural or warehousing
purposes. However, during the reconstruction and redevelopment of these buildings, they may
perform another purpose [2]. For example, public buildings for trade and entertainment
purposes, residential buildings of dormitory type, etc.

One of the most common building materials is reinforced concrete due to the lower
cost compared to other materials and a sufficient level of fire resistance. Precast concrete
provides at a fairly high level the requirements of industry and economy. It is possible to
construct buildings of any shape in the plan from monolithic reinforced concrete. Such
buildings can have any architectural and planning decision [3].

Prefabricated buildings can have a wall or frame structural scheme. Figures 1 and 2
show prefabricated buildings with a wall structural scheme. In this case, wall and roof panels
perform load-bearing and enclosing functions. They are subject to the requirements of
strength, rigidity, stability, insulation [4]. In this case, very often wall and roof panels are
made multilayer: heavy reinforced concrete performs load-bearing functions, and porous
cellular concrete or a layer of mineral wool insulation performs thermal insulation functions.
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T 3anizofemoHHo MpUKYMHO opKa

Hecysi cmikodi naxeni

Figure 1 — Wall structural scheme of prefabricated buildings

Source: developed by the authors

Figure 2 — Examples of prefabricated reinforced concrete buildings with a wall structural scheme:
a) administrative building; b) logistics complex

Source: photos from internet sites

The advantages of such a constructive scheme include a simplified installation process
due to the smaller number of building elements (absence of columns and crossbars) and the
possibility of manufacturing panels in the same standard inventory formwork. However, in
this case, the wall and roof panels must have increased strength, which is provided by the
installation of additional reinforcing bars and increase the thickness of the concrete shelve.
The elements of the panels in this case work on complex types of deformation [5].

Figures 3 and 4 show prefabricated buildings with a frame structural scheme. In this
case, the supporting functions are columns and crossbars, or L-shaped frames, and wall and
roof panels perform only fencing functions [6]. The advantages of such a structural scheme
include a relatively simple course of design work by generating the external load to a linear or
point scheme [7, 8]. Also in this case, wall and roof panels have less weight. The
disadvantages, as mentioned above, include a larger number of mounting elements. To
prevent the destruction of linear load-bearing elements (columns, crossbars and L-shaped
frames) it is necessary to provide special individual conditions for their transportation and
installation.
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Figure 3 — Frame construction diagram of prefabricated buildings

Source: developed by the authors

Figure 4 — Examples of prefabricated reinforced concrete buildings with a frame structural scheme:
b) poultry farm; 6) granary

Source: photos from internet sites

Highlighting previously unsolved parts of the general problem to which this article
is devoted. Of interest for in-depth research is the influence of the roof angle on the internal
forces in the roof structures of prefabricated buildings, which has a direct impact on the cross-
sectional dimensions of the elements and the cost of materials for the manufacture of
structures [9].

The purpose of this work is to identify the influence of the slope of the roof on the
cost of materials for the manufacture of reinforced concrete ribbed panels covering
prefabricated buildings wall structural scheme. A triangular reinforced concrete arch with a
self-stressed steel puff was used as the coating panel (see Fig. 1). This roofing panel consists
of two reinforced concrete ribbed complex half-panels, combined into a triangular arch with
steel braces (see Fig. 5). The panel has embedded parts for support on wall panels, fastening
of puffs, formation of a ridge knot, and also for association of panels among themselves for
the purpose of formation of a uniform hard disk of a covering. The panel is transported in the
form of a set of two reinforced concrete half-panels and four elements of braces [10].

\_~reinforced concrefe—
half-panels

£ support steel brace |

Figure 5 — General view of a reinforced concrete triangular arch with a brace

Source: developed by the authors
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Presentation of the main material of the study with a full justification of the
obtained scientific results. When solving this task, it is necessary to select the cross section of
the elements of the reinforced concrete triangular arch with a puff with different angles of the
roof slabs. In our opinion, we can distinguish the following seven main stages of design and
engineering work:

1) drawing up of calculation schemes of work of a triangular reinforced concrete arch
of a covering as a part of a skeleton. At this stage, determine the overall (planned and height)
dimensions of the coating structure in the axes, make schemes of loading and fixing (points or
sites of distribution of boundary conditions), as well as determine the nature of the connection
elements (rigid or hinged connection) [11];

2) collection of loads on the structure taking into account the reliability coefficients
according to the limit value of loads and load combination coefficients. Loads must be
distinguished into permanent and temporary [12];

3) static calculation of the coating structure (determination of internal forces in the
cross sections of structural elements). Determination of dangerous sections;

4) according to the design task to determine the calculated values of strength used in
the designed triangular reinforced concrete arch with self-stressed steel tightening materials,
coefficients of operating conditions of structural elements and reliability coefficients for the
responsibility of the building or structure as a whole;

5) selection of sizes and shapes of cross-sections of elements of a triangular reinforced
concrete arch from the conditions of strength and rigidity for the specified types of
deformations, namely the compressed-bent reinforced concrete panel and the stretched brace;

6) determination of the main geometrical characteristics of the resulted sections with
the chosen sizes;

7) in case of necessity of adjustment of calculation schemes of a triangular reinforced
concrete arch taking into account possible shift of the central axes of section of elements, the
subsequent specification of internal efforts in sections of elements and check of bearing
capacity of elements (with the sizes already selected in point 5).

From the given order of designing it is obvious that each stage of design works
influences others and cannot be replaced by others.

According to the above order of works, after drawing up of calculation schemes the
static calculation of a triangular arch at various angles of an inclination of plates of a covering
was carried out. The transformation of a triangular arch with increasing angle is shown in
Figure 6.

external load and own weight

' ’Slope of the roof

Figure 6 — Transformation of a reinforced concrete triangular arch with an brace at increase in a roof slope angle

Source: developed by the authors
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As a result of the static calculation, the internal forces in the cross sections of the
elements of the reinforced concrete triangular arch with a steel brace when changing the angle
of inclination from zero to almost 90 degrees. According to the obtained data for a visual
comparison of the calculation results, graphs of changes in the two main internal forces
depending on the angle of the roof were constructed.

Figure 7 shows a graph of the change in longitudinal force, namely the tensile force of
the steel brace (blue) and the compression force of the reinforced concrete panel of the upper
arch belt (yellow). It should be noted that the graph shows the maximum values of the
compressive longitudinal force of the reinforced concrete panel in the cornice node. By the
ridge of the building, the longitudinal force decreased and the more intense, the greater the
slope of the roof.
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Figure 7 — Graph of change of longitudinal force in cross sections of a steel brace
and the reinforced concrete panel depending on a roof slope
Source: developed by the authors

Figure 8 shows a graph of the change in bending moment depending on the angle of
the roof. The graph shows two dependencies. The first dependence shows the change in the
maximum bending moment, which causes tension in the lower fibers of the panel. At small
angles of the roof (up to 5 degrees), this moment takes the maximum value in the middle of
the span. At a larger angle, the moment takes the maximum values in the two half-panels
symmetrically (see Fig. 8). The second dependence shows the change in bending moment
always in the ridge of the arch. When the roof is tilted more than 15 degrees in the stretched
fibers of the roof ridges are in the upper fibers of the panel.
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Figure 8 — Graph of change of bending moments in cross sections
of the reinforced concrete panel depending on a roof slope
Source: developed by the authors
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According to item 5 of the above-stated stages of carrying out design works after
definition of internal efforts in sections of elements of a reinforced concrete arch with an brace,
necessary diameters of cores of reinforced concrete half-panels and a steel brace were selected.
The results of selection of diameters of working reinforcing bars in each edge of half-panels
depending on a roof angle are shown in figure 9. At a roof angle more than 15 degrees due to
tensile forces in the upper fibers of half-panels, it is necessary to install working reinforcement
in this panel part. The cross-section of the concrete part (shelf thickness, cross-section and pitch
of ribs, structural reinforcement) was accepted for design reasons.
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Figure 9 — Required diameters of steel bars in reinforced concrete half-panels (a)
and braces (b) depending on the slope of the roof
Source: developed by the authors

The last stage of the work was to determine the cost of a reinforced concrete roof
panel with a steel brace depending on the angle of the roof. To simplify the process of solving
the problem, the cross section of reinforced concrete half-panels was reduced to the simplified
T-section (see Fig. 10). The cost of the roof panel includes the cost of working reinforcing
bars, steel brace at the bottom of the half-panels and the simplified section of concrete as of
spring 2020. Figure 11 shows the results of calculating the cost of separate steel bars and
concrete of the roof panel depending on the angle of the roof.

Figure 10 — Simplified section of reinforced concrete roof panel
Source: developed by the authors
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Figure 11 — Graph of change of cost of a roofing panel depending on a roof slope
Source: developed by the authors
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Conclusions from this study. As can be seen from the results of the study shown in
Figure 11, the optimal angle of inclination of the roof is 15 degrees. At this angle of the roof,
the cost of materials (reinforcing bars and concrete), using which the strength and rigidity of
the roof panel is provided, the lowest. It should be noted that this slope of the roof is also
recommended when installing roofs with a small slope of profiled flooring or metal tiles. At
an angle of inclination of the roof of 10-20 degrees on the schedule of costs for steel rods of
reinforcement there is a descent, which is explained by the minimum bending moment in the
ridge of the roof panel and the lack of tension stress in the upper fibers of the half-panels.
When the angle of the roof is more than 40 degrees, the cost of concrete increases sharply, as
the length of the half-panels increases.

An interesting area of further research is ways to reduce the flight moment, for
example, due to the emergence of reference moments in the eaves. This reference moment can
be created by increasing the shoulder of the pair of forces from the puff to the neutral axis of
the compressed zone of concrete.
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APpXiTEeKTYpHO-KOHCTPYKTHUBHI  pillleHHsI TPHMKYTHOI  3aJi300eTOHHOI apku i3

CAMOHAIIPYKCHOIO CTAJIEBOIO 3aATHIKKOIO

Mertoro 1aHo1 poOOTH € BHUSBIEHHS BILIMBY YXWJIy HOKpIBJIi HA BUTPATH MaTepiaiiB Ul BUTOTOBJICHHS
3aJ11300€TOHHUX peOPUCTHX MaHeNel IOKPUTTS MIBUAKOMOHTOBaHUX Oy/iBeJIb CTIHOBOT KOHCTPYKTHBHOI CXEMH.
VY SKOCTI MaHesi MOKPUTTS IPUHHATH TPUKYTHY 3aJ1i300€TOHHY apKy i3 CaMOHAIPY>KEHOIO CTAJIEBOIO 3aTSKKOIO.
Taka mOKpiBeIbHA TAHENb CKIAJAETHCSA 3 IBOX 3alli300€TOHHUX peOPHCTUX KOMIUICKCHHX HAaIliBIaHEJeH,
00'eIHAHUX Y TPUKYTHY apKy 3a JOIOMOTOIO CTaJIeBUX 3aTSIKOK.

VY crarTi onmMcaHW BIUTUB TabapuUTHHUX PO3MIpiB, a caMe BIJHOIICHHS BHCOTH HiAHOMY IO MPOJIBOTY
TPHUKYTHOI 3a)1i1300€TOHHOI apKy OKPHUTTS, Ha 3MiHY BHYTPIIIHIX 3yCHIIb B ii epepi3ax Ta BUTpAT MaTepiajiB Ha
ii BuroToBieHHA. CHOYaTKy BH3HAYEHO TO3JOBXKHIO CHJIY PO3TATY y CTaNeBIl 3aTSDKII Ta MO3IOBXKHIO CHITY
CTHCKY y HamiBmaHemsx. [loTiM BH3HA4eHO MaKCHMalbHI MPOJBOTHI 3TMHAI0OYI MOMEHTH, a TAaKOXX 3THHAI0Ul
MOMEHTH y rpeOeHi MoKpiBenbHOiI naneni. [Io oTpuMaHiM 3HauSHHSM BHYTPILIHIX 3yCHIIb BU3HAYEHO HEOOXiIHi
JiaMeTpu poOoUYoro apMyBaHHsS 3aji300eTOHHHMX maHeneil. [limcyMkoMm mpoBeneHOi poOOTH € BH3HAYCHHS
CyMapHOi BapToCcTi OETOHY Ta apMaTypHHX CTEp)XKHIB, IO HEOOXiJIHI JUIi BUIOTOBJECHHS PpO3IJISAYyBaHOT
MOKpiBeIbHOT aHelI.

B pesynbrari npoBeneHoi poOOTH BH3HAYEHO, 110 ONTUMAJIBHUM € KyT YXWIy TOKpiBIi 15 rpamycis.
[Ipu TakoMy KyTi yXWiIy NOKpiBJIi BUTpaTH Ha Marepianu (apMaTypHi cTep)kKHI Ta OETOH), BUKOPHCTOBYIOUH SIKi
MIIHICTD Ta JXOPCTKICTH ITOKPIiBETBHOI MaHEN € 3a0e3neueHoro, HaiiMeHmmi. Takuil yXWil TOKpiBIi TaKOX €
PEKOMEHAOBAaHNM TIPY BIIAIITYBaHHI MOKPIBENb 3 MalUM YXWIOM i3 MPO(iIhOBAHOTO HACTHIIY UM METaleBOL
yepenmmi. [Ipu xyti yxmmy mokpiBmi 10-20 rpamyciB Ha Tpadiky BHTpaT Ha CTaleBi CTEp)KHI apMyBaHHS
BiIMIYa€eThCA BHAIUHA, IO MOSCHIOETHCA MiHIMAIBHAM 3TMHAIOYMM MOMEHTOM y TpeOeHi MOKpiBeIbHOI maHei
Ta BIICYTHOCTI PO3TATY Y BEPXHIX BOJIOKHAX HamiBnanesneu. [lpu kyTi yxwmry mokpisii 6imbire 40 rpagyciB pisko
30UIBIIYIOTECS. BUTPATH Ha OETOH, Tak sIK 30UIBLIYETHCS IOBXKWHA HariBHaHeneid. Hanpsmkom moganmbimx
JIOCJ'IiIl)KeHb € NUIAXW 3MCHIICHHS IIPOJIBOTHOI'O MOMCHTY 3a PaXYHOK BUHUKHCHHSA OIIOPHUX MOMeHTiB.
TPUKYTHA 3aJ1i300eTOHHA apKa MOKPUTTS, CAMOHANpPY:KeHAa 3aTKKA, APXiTeKTYpPHO-KOHCTPYKTHBHI
pimeHHs
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