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Abstract

In this paper, we discuss issues arising in the construction of cast-in-situ reinforced concrete arched roofs and ways to
simplify their design. Despite the versatility of existing mold systems in construction, shell-type roofing structures are entirely
different from other structural elements widely used in construction practice in terms of their outline and overall dimensions.
Therefore, to erect them, it is necessary to build an individual mold system, which would provide the appropriate spatial
shape for cast-in-situ reinforced concrete roofing. Due to the scale of shell roofs, the installation of such mold systems
is often associated with significant difficulties as it requires a large, bulky structure above the ground surface with the
use of load-bearing scaffolding and planking. This results in issues of building individual elements and the entire mold
system and accurately placing them in the design position, which can be solved quite easily using the experience gained
from similar works. As a demonstration of this, an example of the arched roof construction for the church named after the
Mother of God of Iveria, the second largest church in Georgia, was given a few years ago. At the time, the main difficulty
was manufacturing and installing wooden arch molds, which was quickly overcome due to considering several practical
measures in advance.
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Introduction

Due to the dome and vault structural solution
of the temple, the central, most significant, cast-
in-situ reinforced concrete slab and beam roof
served as the unifying part for the columns and
walls. The roofing was intended to cover the
space with dimensions of 10x24 m. A schematic
representation of the roof is given in Fig. 2,
where the arrangement of the shell roof and
supporting arched beams is indicated, showing
the corresponding circumference radii.

‘From the schematic representation, it is clear
that the arrangement of the arched beam and roof
molds requires excellent precision. If we consider
section 1-1 (Fig. 1) as a cross-section of the mold,
there is a possibility to align and fix the forms
within only 0.2 meters of the 10-meter-long beam.
Therefore, the most crucial task was to arrange the
five arched beam molds to create a complete spatial
mold system. It was impossible to manufacture
them directly at the site, on the planks arranged
on the load-bearing scaffolding. In view of the fact
that the ready-made forms must be placed between
the reinforced frames of the columns and walls,
and their axis of symmetry must coincide with the
axes of the columns, it was decided to manufacture
the arched beam forms using wooden material.
This material made it possible to slightly adjust
the dimensions of the molds when installed in the
design position, which is impossible in the case of
molds made of other materials (metal, plastic, etc.)

(Artebyakina and Shcherbina, 2017; Ezugbaia et
al., 2018; Kapanadze and Jankarashvili, 2021;
Khmelidze et al.,, 2018; Kvaraia, 2017; Kvaraia
and Firosmanishvili, 2019; Lebanidze et al., 2017;
Obukhov et al., 2015; Yunusov, 2016).

During the construction of the arched beam
molds, it was necessary to consider some issues
in advance so that the installation of the entire
mold system could be carried out as efficiently as
possible. The most difficult was to comply with one of
the seemingly contradictory conditions. In particular,
the mold structure, in addition to high strength and
stiffness, had to ensure the slightest possibility
of expansion and contraction in the longitudinal
direction so that, if necessary, it could be accurately
fixed according to the design coordinates (Kvaraia,
2015; Kvaraia and Kanchashvili, 2015).

When lifted with a crane and delivered to the work
area, the ready-made molds require the arrangement
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Fig. 1. Schematic representation of the shell roof
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Fig. 2. Section 1-1

of additional reinforcements so that their separate
constituent elements are not deformed during
transportation and the overall dimensions of the mold
are not changed. In addition, during the construction
of the beam mold, it is necessary to consider the
arrangement of nodes connecting the roofing arch
slab to the mold to obtain a continuous mold system
(Kvaraia and Dvalishvili, 2014a, 2014b).

Molding method

The arched beam mold was manufactured
directly at the site, mainly using existing wooden
planks, beams and plywood, which covered the mold
surfaces. All five semi-circular molds 10 meters long
and 5 meters high were made of the precise wooden
details, and each of them represented a sizeable
independent structure (Fig. 3). When being moved
to the work site, to maintain strength, each of them
was additionally reinforced with wooden frames,
which allowed the mold structure to be attached to
the crane and delivered to the site (Fig. 4).

The issue of fixing the supporting parts of the
frame in the design position was also solved quite
easily. For this purpose, directly at the work site, a
movable wooden belt was arranged at the bottom of
the mold, which, during the mold installation, allowed
its supporting parts to move forward and backward
using steel screw rods (Fig. 5). It should be noted
that the presence of such a belt greatly facilitated the
process of forming the concrete beam.

Fig. 3. Assembly of the arched beam molds

Fig. 4. Transportation of the arched beam molds

After fixing the arched beam mold in the design
position, it was also easy to arrange the mold for
the roofing slab. For this purpose, shelves made
of laminated plywood strips were placed on both
sides of the entire perimeter for laying the wooden
planks connecting the molds of the adjacent beams
(Fig. 6). Paired semi-circular (arched beam outline)
laminated plywood elements were also used to
reinforce the roofing slab mold, which was installed
every 70 cm using jacks (Fig. 7).

After the arched roof mold system was built and
adequately reinforced, the reinforcement work was
carried out without any problems. The only difficulty
was related to concreting the inclined surfaces
near the arch supports and maintaining the design
thickness of the shell. For this, it was necessary
to install and fix the external molds, but within the
minimal area, in the case of arranging a standard
mold, it would be almost impossible to build it in
full after concreting. A non-standard decision was
made here as well. A flexible mold was arranged
along the entire length of the arched roof, consisting

Fig. 5. Movable lower assembly of the arched beam mold
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of plywood and spaced planks attached to it. The
elastic structure was fixed using reinforcement rods
placed every 50 cm from the sides of the planks,
which, while maintaining the thickness of the shell,
were fastened to the reinforcement frame of the
roofing slab with a tie rod (Fig. 8).

Results

The arrangement of the mold of the supporting
nodes made it possible to perform continuous
concreting of the roof, which went from one support
to another (Fig. 9) and finally took the form shown in
Fig. 10.

Discussion

To maintain mold stiffness for complex shape
building it is necessary to use non-standard mold,
which is specifically designed for specific sections of
the building. This method also reduces number of mold
materials, which itself reduces construction cost.

Conclusion

In the construction of cast-in-situ reinforced
concrete arched roofs, it is of particular importance
to simplify the process of building the arched beam
mold, which requires an individual solution for each

Fig. 7. Reinforcement of the roof slab mold
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Fig. 10. Finished shell roof

specific case. The need to create non-standard mold
systems is due to the wide variety of the outlines and
overall dimensions of envelope roofs, which radically
differ from forms for other structural elements widely
used in construction practice.

When constructing an arched beam mold,
it is necessary to consider in advance several
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problematic issues that may occur during their on-
site installation. Among them, the most important is
the possibility of the slight movement of the mold’s
supporting parts, allowing them to be accurately
fixed in the design position. In this regard, the most
effective is the arrangement of a movable belt, which
allows the longitudinal expansion and contraction of
the mold structure.

When constructing arched roofs, it is difficult to
concrete the inclined surfaces near the supports and
maintain the design thickness of the concrete shell in

these places. When conventional molds are installed,
it is almost impossible to shape them further. In
this regard, it is better to arrange flexible forms by
gluing flexible plywood in a specific manner, which
significantly simplifies the process of maintaining the
thickness of the slab and concreting the places close
to the supports.
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AHHoOTauus

B paHHOM cTaTbe paccmaTpuBaloTcs NpoGMneMbl, BO3HMKAKLLME MPU YCTPOWCTBE MOHOMMUTHBIX Kene300eTOHHbIX
cBoAYaThIX KpbilW, U Cnocobbl yNpoLieHMs KX MPOEKTUpOBaHWs. HecmoTpsi Ha yHMBEPCANbHOCTb CYLLECTBYIOLUNX B
cTpouTenbcTBe 0nanyboyHbIX cucTeM, 060NoYeYHbIE KPOBENbHbIE KOHCTPYKLMN MO CBOVMM OYEPTaHMAM U rabapuUTHbIM
pasMepamM COBEPLUEHHO He MOXOXW Ha Apyrve CTPYKTYpPHble 3reMeHTbl, LUMPOKO MpUMEHSeMble B CTPOUTENbHOM
npaktuke. MNMoatomy Ans Mx ycTponcTBa HeobXxoaMMo (hOpMMpPOBaTh UHAMBUAYANBHYO 0nanybo4Hy0 CUCTEMY, KoTopast
obecneunt COOTBETCTBYHLLYIO MPOCTPaHCTBEHHYD (DOPMY AN MOHONMUTHOW >Kene3obeToHHOW kpoenu. B cBssn c
pa3mepom 000504YeYHbIX MOKPLITUIA YCTPOMUCTBO TaKMX onanybo4HbIX CUCTEM 3a4acTyH) COMPSPKEHO CO 3HAYUTENbHbLIMU
TPYAHOCTSIMU, NMOCKOIbKY TpebyeT BO3BEAEHUS HaZ NMOBEPXHOCTbI 3€MIN FPOMO3AKON KOHCTPYKLUMUM C UCMONb30BaHNEM
HeCyLLMX NIeCOB 1 HAaCcTUIOB. B pe3ynktaTte Bo3HMKaoT Npobrembl ¢ M3roToBMEHWEM OTAENbHbIX 3EeMEHTOB U onanybo4How
CUCTEMbI B LIENOM, @ Takke MX TOYHbIM pa3MeLLeHMEM B MPOEKTHOM MOMIOXEHUM, KOTOpPbleE MOXHO AOCTaTOYHO NErko
peLnTb, UCMONb3ys OMbIT, MOMYYEHHbIV B X04E aHanornyHbix pabot. B kayecTBe HarnsigHoW OEeMOHCTPALMN HECKOMBKO
neT Ha3az 6bin NpYBeAeH NpUMEp YCTPOMCTBa CBOAYATOM KPOBNW AN LLEPKBY B YecTb ViBepcko Boxuert Matepu, BTopoi
no Benu4rHe Lepkau B py3un. B aTOT nepmnon 0CHOBHAs CNOXHOCTb 3aKmoyanach B U3rOTOBMEHUM Y YCTAHOBKE apOYHbIX
OepeBsiHHbIX 0nanybo4HbIx hopM, KOTOpPYHO yaanock GbICTPO NpeodoneTs bnarogapsi 3abnaroBpeMeHHOMY NPUMEHEHUIO
psifa nNpakTUYeckux mep.

KnroueBble cnoBa: o6onouyka, onany6qua9| dopMa, KOfIoOHHa, KpoBIs, Kene3obeToH.
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