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FRAMED STAY-IN-PLACE FORMWORK: EFFICIENCY AND IMPLEMENTATION

Abstract. The articleinvestigatesthe efficiency of constructing enclosure structures made of lightweight
concrete using framed stay-in-place formwork with a light gauge steel framing system (LGSF), and
examines the experience of applying the obtained results at active construction enterprises, including
within the context of Ukraine’s recovery and rebuilding.

The relevance of the chosen topic is determined by the urgent need for rapid and resource-efficient
construction, recovery, and rebuilding of residential and public buildings. The application of combined
technologies is proposed as an effective solution for reducing construction timeframes, labor intensity,
and overall costs without compromising quality.

The research combines logical-analytical and systems-based methods. As a result, the most effective
organizational and technological model for constructing residential complexes using framed stay-
in-place formwork based on LGSF was identified. A comprehensive evaluation of the technical and
economic indicators was performed. In particular, it was established that, compared to the baseline
(design) solution, the application of the developed technologies and the optimization of organizational
and technological processes can: reduce construction duration by up to 70 % increase profitability up
to 41.8 % and lower total construction costs, including financing through loans, by 21.5 %.

An analysis was conducted on the implementation of two developed solutions — “Building Wall”
(UA149402) and “Framed Stay-in-Place Formwork System” (UA154847) — at multiple real
construction sites in Odesa and the Odesa region. The article presents photographic documentation
of the assembly process and a visual analysis of how the developed technologies align with practical
implementation.

The prospects for further scientific research are outlined, including the search for effective solutions
for the construction, repair, rehabilitation, and rebuilding of buildings using stay-in-place formwork
and light gauge steel framing.

Key words: light gauge steel framing (LGSF), framed stay-in-place formwork, enclosure
structures, organizational and technological modeling, optimization, repair, rehabilitation,
rebuilding, fast-assembly elements.

Introduction. In Ukraine, there are over housing is constantly increasing, particularly for
one hundred thousand damaged or destroyed internally displaced persons and those who have
buildings that require urgent and high-quality lost their homes entirely. Equally important is
repair or rebuilding. The demand for the the repair or rebuilding of damaged or destroyed
construction (rebuilding) of new fast-assembly public buildings (such as office centers, higher
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education institutions), warehouses, industrial
facilities, and other structures. These types of
facilities require construction technologies that
minimize downtime and allow for the rapid
restoration of operational functionality.

In this context, the search for and
implementation of effective  construction
technologies capable of reducing project duration
and costs without compromising quality is
critically important. One of the most efficient
methods for rapid repair and construction —
already proven on the construction market — is
the use of light gauge steel framing (LGSF) for
fast-assembly structural systems. In addition,
in the field of cast-in-place construction, the
technology of stay-in-place formwork is gaining
increasing popularity.

The combination of these two technologies —
framed constructionusing LGSFandstay-in-place
formwork — and their industrial-level application
significantly increases the effectiveness of repair
and construction activities by reducing costs,
labor intensity, and execution time compared
to traditional structural and technological
approaches.

In this context, the issue of optimization
becomes highly relevant. When using such
technologies,  optimization  enables  the
identification of the most effective organizational
and technological models (i.e., work execution
schedules) considering real-world constraints.
Determining optimal models and testing
work organization scenarios using modern
software tools improves the manageability of
construction processes and ensures maximum
efficiency under limited-resource conditions —
an especially important factor during large-scale
recovery efforts.

Therefore, the study and implementation
of framed construction technologies using
LGSF and stay-in-place formwork for casting
lightweight concrete mixturesisofhighrelevance
for active construction companies. The practical
results of implementing such technologies and
their corresponding effective organizational and
technological models are particularly valuable.
This is evidenced by the obtained patents and
the successful application of the researched
solutions across construction projects of various
functional purposes under real-world conditions.

Materials and methods. The study employed
a combination of logical-analytical and systems-
based methods aimed at evaluating the efficiency
of the construction technology for enclosure

structures using framed stay-in-place formwork
with light gauge steel framing (LGSF).

At the initial stage, logical-analytical and
systems approaches were applied to select the
most effective organizational and technological
model by generalizing and analyzing the results
of previous research.

Inaddition to theoretical analysis, an empirical
assessment of the implementation experience of
the stay-in-place formwork technology utilizing
LGSF framing was conducted across several
construction sites. This involved collecting and
systematizing photographic documentation from
completed projects, demonstrating key stages
of the system’s assembly process, including the
installation of thermal profiles, mounting of stay-
in-place formwork panels, fastening of U-shaped
elements, and more.

The collected visual materials served as
the basis for a visual-analytical assessment of
the compliance of actual solutions with the
developed technologies and research outcomes,
as well as confirmation of the practical feasibility
of the proposed solutions. Photographic
documentation was performed directly on
construction sites during the implementation of
the proposed technologies.

Analysis of recent research and publications.
As noted in the introduction, the application of
framed technologies (using LGSF) combined
with stay-in-place formwork represents a widely
accepted solution for repair and rebuilding
(construction). Consequently, many researchers
and construction professionals have studied these
technologies both separately and in combination.

Regarding the implementation of advanced
practices, doctor of technical sciences, professor
V. Saviovskyi in [1] considers the use of stay-in-
place formwork as a variant of precast-monolithic
structures.

In [2], doctor of technical sciences, professor
I. Shumakov and PhD candidate V. Buhaievski
investigate the optimization of parameters
in repair and construction works, as well as
effective structural and technological solutions
for the repair and reinforcement of bridge pier
structures using stay-in-place formwork. The
study also addresses the reduction of repair
duration and the improvement of load-bearing
capacity and service life of bridges by applying
stay-in-place formwork alongside optimization
measures.

Researchers P. Koval and S. Stoyanovich from
the Kyiv national university of construction and
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architecture explored the use of composite panels
as stay-in-place formwork in [3].

Scientists from the Ukrainian state university
of science and technology examined the
possibilities of utilizing local materials for the
fabrication of stay-in-place formwork and its
application in low-rise construction [4]. This is
especially relevant under the resource constraints
faced during Ukraine’s rebuilding efforts.

Studies [5, 6] focus on the specific features
of using profiled steel sheets as stay-in-place
formwork in floor slab construction.

D. Khokhriakova in [7] analyzed the
technological applicability of light gauge steel
framing (LGSF) for prefab construction, focusing
on fast-assembly buildings and structures.

The purpose of the study is to select the most
effective organizational and technological model
for the construction of residential complexes
using stay-in-place formwork and light gauge
steel framing (LGSF).

The following research tasks have been
identified:

1.Based on the conducted optimization
considering existing constraints, determine the
most effective organizational and technological
model for erecting a residential complex using
stay-in-place formwork with an LGSF frame.

2. Perform a technical and economic
assessment of the effectiveness of the conducted
research.

3. Analyze the implementation of the research
results in Odesa city and the Odesa region.

4. Identify promising directions for further
scientific work considering the research
outcomes.

Scientific novelty. For the first time, the most
effective organizational and technological model
for the construction of residential complexes
using stay-in-place formwork and light gauge
steel framing (LGSF), filled with lightweight
expanded polystyrene concrete mixture, has
been determined, taking into account existing
financing methods.

Presentation of the main material. Previous
studies [8—11] conducted numerical modeling
based on the construction of the “Avignon”
residential complex in Odesa. The construction
study was performed using two patented
solutions — “Building Wall” (UA 149402) and
«Framed Stay-in-Place Formwork System» (UA
154847) [12, 13].

At the first stage of the research [9], an analysis
of the effectiveness of known and developed

28

solutions was carried out using a multicriteria
analysis methodology [14, 15].

After selecting the most effective solution for
erecting enclosure structures, the second stage
involved numerical modeling of key performance
indicators using the example of the “Avignon”
residential complex construction in Odesa
[10-11]. The methodology of experimental-
statistical modeling was applied [16, 17]. The
studied indicators included “construction
duration”,  “average  funding intensity”,
“maximum funding intensity”, “construction
cost”, ‘“construction cost considering loan
financing” and “profitability”. Variations of the
factor space such as “work overlap” and “number
of working hours per week” were also examined.

Study [11] investigated the obtained
dependencies under the introduction of an
existing constraint — the necessity to pay interest
on loans. It was assumed that the “construction
cost” component consisted of 10 % company’s
own funds and 90 % loan funds. The loan interest
rate was set at 10 % per annum with a 1 %
bank commission for monthly loan payments.
Additionally, laboratory testing of the developed
technologies was conducted [8].

Based on previous studies, this work
selected the most effective organizational and
technological model for constructing residential
complexes using the developed solutions
and performed a calculation of technical and
economic efficiency.

The highest value of profitability (Y,) in
the construction of the «Avignon» residential
complex using stay-in-place formwork is
Y, =41.82 %. Accordingly, the factor values work
overlap (X,) and number of working hours per
week (X,) are X, = 85.21 % and X, = 80 hours,
respectlvely Let us verify the ﬁeambﬂlty of
the selected most effective organizational and
technological model by other key performance
indicators. At these factor values, they are:

— construction duration (Y,): Y, = 272 days
(minimum value, thus most effectlve)

—averagefundingintensity (Y, )andmaximum
fundingintensity(Y,,):Y, =56. 744m11110nUAH/
month and Y, = — 61175 million UAH /month,
respectively (the least effective values in
the absence of immediate larger funding
portions; however, considering the presence
of “conditionally fixed costs” and the existing
constraint, these values are more reasonable as
they allow faster building erection and earlier
profit from housing sales);
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— construction cost considering loan financing
(Y,): Y, = 632485 million UAH (minimum
value, thus most effective).

Considering that all studied key performance
indicators of the residential complex construction
under the combined factor space of work overlap
(X,) and number of working hours per week (X))
at values X, =85.21 % and X, = 80 hours are most
effective, the organizationazl and technological
model shown in figure 1 is finally adopted.

To determine the technical and economic
efficiency of the research results, baseline (design)
values of the performance indicators (at factor
values work overlap (X,) = 74.61 % and number
of working hours per week (X,) = 40 hours)
were compared with the indicator values of
the selected most effective organizational and
technological model (fig. 1):

— construction duration of the residential
complex was reduced by 71.6 %;

— average and maximum funding intensity
increased by 71.2 % and 71.7 %, respectively.
However, this does not overall affect construction
efficiency because it depends only on the
availability of a larger volume of funding over a
shorter period;

— total construction cost considering loan
financing was reduced by 21.5 %;

— profitability of construction increased from
11.39 % to 41.82 %.

The following section reviews the
implementation experience of the developed
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technologies “Building Wall” (UA 149402) and
“Framed Stay-in-Place Formwork System” (UA
154847) [12, 13], as well as outlines prospects for
further research.

The first solution — UA 149402 <«Building
Wall» [12]. According to this solution, enclosure
structures are constructed using stay-in-place
formwork made of cement-bonded particle boards
on a steel frame composed of bent galvanized
profiles — LGSF (light gauge steel framing) — and
filled with expanded polystyrene concrete.

The second improved solution — UA 154847
«Framed Stay-in-Place Formwork System» [13].
It differs from the first in that, instead of cement-
bonded particle boards, thermal insulation panels
made of expanded polystyrene are used on the
exterior side as stay-in-place formwork, while
moisture-resistant gypsum board is applied on
the interior side.

Let us consider examples of the application
of these developed solutions in the Odesa region
and the city of Odesa. The first example is the
construction of townhouses in the Club Marine
residential complex (fig. 2). Additionally, these
technologies were used in the construction of
townhousesin the «Avignon» residential complex
in Odesa on the Black Sea coast (fig. 3). Figures 2
and 3 demonstrate that these technologies have
been implemented and are effectively used for
erecting low-rise buildings along the Black Sea
coast. Such solutions can also be applied in the
rebuilding of destroyed buildings, as confirmed

1 4R bHOH" 901177,591 Mu 08.08.22 N7 01.09.23 T

MIArOTOBYI POBOTU 6900,54r N 08.08.22 Cp 31.08.22 | —
14| 4 KopnycA 428227,411 Cp31.08.22 BT 27.06.23 T 1
15 Cexkuin A1 60 380,811 Cp31.08.22 Br29.11.22 2 - 1
®acap. Cexuin A1 12260911 Mr17.02.23 NH13.03.23 858 K
Cexuin A2 60 380,811 Cp31.08.22 Br29.11.22 2 L
» @acap. Cekuin A2 12260,91r MK 13.03.23 MK 03.04.23 292
Cexuin A3 52530,77r Br29.11.22 Mv17.02.23 296 I 1
» ®acap. Cexuin A3 122121 MH03.04.23 NH24.04.23 573
Cexuin A4 52118,07r Br29.11.22 Mv17.02.23 296 I
135 » ®acap. Cexuin Ad 12211171 Nu24.04.23 NH15.05.23 854
1139 - Cexuin A5 60380,81 1 Mr17.02.23 NT19.05.23 858 i
1416 - ®acap. Cexuin A5 12260,911 Mu15.05.23 Br06.06.23 1135
1420 > Cexuin A6 60 380,811 Mr17.02.23 N7119.05.23 858 -1
6 - ®acap. Cexuin A6 12260911 Br06.06.23 Br27.06.23 1416
1701 Cexuin A7 7469371  Br29.11.22 Cp14.12.22 296 P
76 - ®acap. Cexuin A7 1119151 Cp14.12.22 N716.12.22 1701 _}
712 4 Ropnycb 419225,361 Cp 31.08.22 Br 27.06.23 1 0
> Cekuin B1 60 380,811 Cp31.08.22 Br29.11.22 2 -1
2050 - ®acap. Cexuis 51 12260911 M717.02.23 NH13.03.23 2616 f
2054 > Cexuin b2 60 380,81 r Cp31.08.22 Br29.11.22 2 | |
2331 ®acap. Cexuin 62 12260911 N1 13.03.23 NH03.04.23 2050
5 > Cexuin B3 52118,071 Br29.11.22 NT17.02.23 2054 1 1
2612 - ®acap. Cexuis B3 12211171 M1 03.04.23 M 24.04.23 2331
> Cexuin B4 52118,071 Br29.11.22 NT17.02.23 2054 T 1
®acap. Cexuin b4 12211171 Nk 24.04.23 NH15.05.23 2612
289 > Cexuin B5 60380,81r Nr17.02.23 N719.05.23 2616 i
3174 ®acap. Cexuin 65 12260911 M 15.05.23 BT 06.06.23 2893
3178 Cexuin B6 60 380,811 Nr17.02.23 N719.05.23 2616 - 1
3455 ®acap. Cexuin b6 12260911 Br06.06.23 Br27.06.23 3174

3459 B/IATOYCTPIA TEPUTOPIT 43254,17r Br27.06.23 Cp23.08.23 1772

3487 3aranbHOBMPOGHMYI BUTPaTH 3570,11r  Mn08.08.22 N7 01.09.23 T

Fig. 1. The most effective organizational and technological model for constructing a residential complex
using stay-in-place formwork, obtained considering existing constraints at factor values of “work overlap (X,)”
X, =85.21 % and “number of working hours per week (X,)” X, =80 hours (5 days, two-shift work, 8 hours each)
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Fig. 2. Photographic documentation of the implementation results of the developed structural
and technological solutions (construction of townhouses in the «Club Marine» residential complex) in Odesa city

Fig. 3. Photographic documentation of the implementation results of the developed structural and technological
solutions (construction of townhouses near the «Avignon» residential complex in Odesa city)
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Fig. 4. Photographic documentation of the implementation results of
the developed structural and technological solutions (construction of a
restaurant in Vilkovo, Odesa region)

by real-world implementation experience. For
instance, in the city of Vilkovo, a restaurant was
constructed within 3 months using the developed
technologies (fig. 4).

Figure 3 illustrates the application of the
second (modernized) solution, the “Framed
Stay-in-Place Formwork System” (UA 154847).
For the interior walls, moisture-resistant gypsum
boards are used as stay-in-place formwork on
both sides. For the exterior walls, expanded
polystyrene panels are applied on the facade
side, while moisture-resistant gypsum boards are
installed on the interior side.

The implementation of the developed
technologies, shown in figure 4, confirms that
they can be used not only for low-rise residential
buildings but also for public institutions.

The developed technologies have their own
material base for the production of LGSF frame
elements and are already proving themselves
in the field of mass construction. Using these
technologies, an entire settlement was erected in
the village of Sukhy Lyman (fig. 5).

The next important  direction  for
implementation and application is the
construction of “lightweight upper floors”
(fig. 6). This is especially relevant in the context
of restoring damaged buildings.

Figure 6 demonstrates that the developed
technologies can be used for superstructure

additions or as non-load-bearing enclosure
structures in multi-storey public and residential
buildings. In particular, they are applicable
during the restoration of damaged buildings
because these technologies are efficient and
help reduce the load from the self-weight on the
underlying structures.

The developed technologies and even further
modernized versions of these technologies have
already been implemented in a number of real
construction projects. However, this article
focuses on the key ones.

The developed technologies and even further
modernized versions of these technologies have
already been implemented in a number of real
construction projects. However, this article
focuses on the key ones.

Implementation Confirmation. The research
was carried out within the framework of three
research and development and experimental
design works (R&D and Experimental Design
Works) at the Odesa State Academy of Civil
Engineering and Architecture (OSACEA):

1. R&D and Experimental Design Work No.
0124U004607: Structural and technological
solutions for the installation of energy-efficient
enclosure structures of buildings and facilities;

2.R&D and Experimental Design Work
No.  0124U0004596:  Organizational  and
structural-technological solutions for the repair,
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Fig. 5. Photographic documentation of the implementation results of the
developed structural and technological solutions (construction of private
buildings in the “Sukhy Lyman” settlement, Odesa region): a) — shallow strip
foundation construction; b) — installation of the LGSF frame; ¢) — sheathing
the LGSF frame with stay-in-place formwork made of cement-bonded
particle boards on both sides; d) — concreting with expanded polystyrene
concrete mixture according to the developed proprietary technology;

e) — final finishing of private buildings

rehabilitation, and rebuilding of destroyed and
damaged buildings and facilities;

3. R&D and Experimental Design Work No.
0121U111213: Development and optimization
of organizational-technological and managerial
solutions for construction and reconstruction.

The obtained research results make it possible
to identify promising directions and form the
basis for further scientific work in the field of
erection, rebuilding, and repair of buildings using
stay-in-place formwork and framed systems made
of light gauge steel framing (LGSF).

32

The following directions for further research
are highlighted:

1. Development of new and improvement of
existing solutions for erecting framed enclosure
structures made of LGSF and stay-in-place
formwork, taking into account the obtained
research results; determination of their efficiency
and investigation of physical-mechanical
characteristics.

2. Search for the most effective models for
erection, repair, rehabilitation, and rebuilding of
buildings using stay-in-place formwork.
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Fig. 6. Photographic documentation of the implementation results of the developed
structural and technological solutions: a) construction of the 3rd floor addition
in a kindergarten on Shevchenko Avenue in Odesa; b) erection of enclosure structures
of the multi-storey “Avignon” residential complex in Odesa; ¢) addition of the top floor
in the multi-storey building of the “Club Marine” residential complex in Odesa

3. Continuation  of research on the
implementation of obtained results into
educational processes, scientific work, and further
introduction into construction production

Conclusions

1. Based on the analysis of identified patterns
and optimization performed (through the
introduction of existing constraints), the most
effective organizational and technological model
(work execution schedule) for the erection of a
residential complex using stay-in-place formwork
was determined.

2. According to the calculation of the
technical and economic efliciency from

numerical modeling and optimization, it was
established that compared to the baseline
(design) solution: the construction duration
of the residential complex was reduced by
71.6 %; the total construction cost including
credit financing was reduced by 21.5 %; and
construction  profitability increased from
11.39 % to 41.82 %.

3. The effectiveness of the research results
has been confirmed by positive practical
implementation experience in the educational
process and the operations of several construction
companies across multiple sites in the city of
Odesa and Odesa region.
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4. The obtained research results allowed rebuilding of buildings using stay-in-place
the identification of promising directions formwork and aframe made of light gauge steel
for further scientific work in the search framing filled with lightweight polystyrene
for effective solutions for the erection and concrete mixture.
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KAPKACHA HE3HIMHA OITAJITYBKA: EOEKTUBHICTD TA BIIPOBA/IZKEHHA

Anomauis. Y cmammi docrioxceno egpexmuericmy 36e0enisi 020p00NCYBATLHUX KOHCIPYKYiL 3 1ee-
Kux Oemonie 6 nesnimuitl onanyoui 3 kapxacom i3 JICTK (rezkux cmanesux moukocminnux Kom-
CmpyKUiiL) ma 00ceio BUKOPUCTAHHS OMPUMAHUX PE3YIbMmamis Ha 0iouux 6ydisevnux nionpuem-
cmeax. B momy uucni y pospisi 6i06ydosu Ykpainu.

Axmyanviicmv 06panoi memu symosiena HeoOXIOHICMIO OnepamueHozo ma pecypcoedhexmusrozo
byoienuymea, 6i00y0o6u ma GIOHOGIEHHS HCUMIOBUX | 2pomadcvkux Oydieerv. 3anpononosano
3GCMOCYBAHHA KOMOTHOBAHUX MEXHOL02II SK PeKmUBH020 PilenHs, OlLs CKOPOUCHHs CIPOKIS, mpy-
domicmxocmi ma eapmocmi pobim 6e3 empamu ix sKocmi.

Y meancax docnioncenns peanizosano noconanis 102iKo-anaiimuunozo ma CUCmemMHozo Memooie.

3a pesyromamamu A0cHiONCeHHS BUSHAUCHO HalleeKMUBHIULY OP2aAHIZAUITIHO-MEXHOL02IUHY MOOeb
36C0eHHS JHCUMI0BUX KoMNIeKCI8 i3 sukopucmanuam kaprachoi (i3 JICTK) nesnimnoi onanyoxu.
Bukonano ouinky mexmixo exoHOMMHUX NOKA3HUKIE pesyivmamie dociioncery. 30Kpema 6Cmanos-
JICHO, W0 8 Pe3YbMAMI 3ACMOCYBAHHS PO3POOIEHUX MEXHOL02IH MA NPOBeOeHH ONMUMI3AUTT opza-
HISAUETHO-MEXHOL0ZIHUX Diierb NOPIGHAHO 3 0A3068UM (NPOEKMHUM) DIleHHAM MONCIUBO: CKOPO-
mumu mpusanicmv oydienuymea na 70 %, penmabenvricmv 36invwumu 0o 41,8 % ma sazanvny
sapmicmy OYOi6HULMEA 3 YPAXYBAHHAM 3ATLYUEHHS KpeOumHux xowmie snusumu na 21,5 %.
Iposedeno anania enposadicenns 080x pospobaenux piwens («Cmina oyodieni> UAT49402 ma
«Cucmenma xapkacnoi nesnimnoi onanyoxus UAT54847) na bazamvox 06’exmax peanvioeo 6ydis-
nuymea 6 m. Odeca ma Odecvkiii obaacmi. Hagedeno pesyavmamu pomoixcauii npouecy mom-
Maxcy ma 6i3yanvozo ananisy ei0noeioHOCmi po3POOICHUX MEXHOL02IH NPAKMUUHUM PIULEHHSIM.
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Busnaueno nepcnexmusu nooarsuux Haykosux docuioxcenn. B momy wucii, y cepi nowyxy epex-
MUBHUX Piiens 36e0enns, 6i0Ho61enHs ma 6i00ydosu Oydieenb 3 GUKOPUCIIAHHIM HE3HIMHOL ona-
nyoxu ma kapracy i3 JICTK.

Kmouogi cnosa: neexi cmanesi monxocminui xoncmpyxuii (JICTK), xapxacna nesnimna
onanyoxa, 020p00KHCY6ATbHI KOHCMPYKULL, OP2AHI3AUIUHO-MEXHONI02IMHE MO0eI08AHHS,
onmumizauis, 6i0H08.1eHHA, 6100Y006a, WEUOKOMOHMOBAHT eJleMeHmU.
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