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Experience in Strengthening Prefabricated Reinforced Concrete Floor Systems
During the Rehabilitation of Industrial Buildings

Abstract. The article presents practical experience in combined reinforcing of precast reinforced-concrete beams and hollow-
core floor panels during rehabilitation of an industrial building at the Chornomorsk Oil and Fat Plant. The initial technical condition
of the structures and the results of the instrumental inspection have been described. The existing structure, consisting of long-
span beams (up to 12 m) and hollow-core slabs (9 m spans), had suffered physical deterioration, exhibited excessive deflections,
and required increased load-bearing capacity for design loads of 10-12 kPa. A proposed constructive-technological system
combines: an external cage-truss rigid steel longitudinal reinforcement, increasing the cross-section by reinforced cast-in-place
concrete topping, and creation of a monolithic slabs-beams joints. The design of mounting plates and cage-truss to beams joints
using chemical anchors is detailed, it includes CBFEM analyses using IDEA StatiCa that demonstrate sufficient capacity and
acceptable transfer of forces to the concrete. The procedure for topping the slab is given, including placement of reinforcement
cages into the hollow cores, mesh reinforcement across the slab, and staged concreting. Advantages of the combined approach
for increasing stiffness and load-bearing capacity and measures to limit local effects on existing sections are analyzed.
Implementation results confirm the effectiveness of the proposed solution for restoration and enhancement of operational
performance of large-span reinforced-concrete structures in industrial buildings.

Keywords: building rehabilitation; load-bearing capacity; reinforced-concrete floor system; increasing floor stiffness; chemical
anchor; finite element method, technical condition, instrumental inspection.
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Introduction.

Ensuring the operational serviceability of a building
or structure for its entire design service life is a key
objective of design, including from the standpoint of
rational use of natural resources. To ensure the
reliability of buildings and structures, it is necessary to
prevent the physical deterioration of their structures, as
well as to timely eliminate defects and damage
identified during operation. The task of restoring the
service life of industrial building structures — whose
strength and deformability have been reduced due to
both physical deterioration and damage from military
actions — is urgent in Ukraine nowadays.

Furthermore, during reconstruction or restoration of
buildings and structures there arises the need to
improve their operational properties: increase load-
bearing capacity and reduce deformability to achieve
standards and design requirements. When providing

not only structural restoration but also a significant
improvement in the operational characteristics of
buildings and structures, the term «sanation» [1] is used
in scientific and practical literature.

Strengthening with external steel reinforcement and
cross-section enlargement remain some of the main
methods for restoring and enhancing the operational
and strength characteristics of reinforced concrete span
structures. Finding the optimal method for a reliable
connection of existing structures with steel
reinforcement (ensuring their composite action) is a
crucial design task that arises when strengthening of
reinforced concrete beams and slabs with external steel
reinforcement and cross-section enlargement. An
effective solution to this problem consists in
simultaneously  ensuring the compatibility of
deformations of new and existing structures and
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limiting new local loads on existing structures at the
force transfer places.

Review of the research sources and publications.

Known methods for strengthening reinforced
concrete hollow-core slabs include: 1 cross-section
enlargement with reinforced cast-in-place topping and
installation of vertical frames into the slab voids; 2)
relieving steel beams installation from above with
hangers in the joints between the slabs; 3) relieving
steel beams instalation from below with wedging and
mortar packing [1].

Known methods for strengthening reinforced
concrete beams include: 4) cross-section enlargement
with reinforced cast-in-place topping and installation of
reinforcement cages; 5) additional main reinforcement
bars installation by welding tem to the existing
reinforcement through short bars; 6) truss tie rods with
angle stops at the slab ends with tension nuts;
7) relieving steel beams installation from below with
wedging and mortar packing; 8) reducing the span with
steel outrigger supports on two-cantilever auxiliary
beams; 9) composite slabs arrangment with changing
the structural scheme, and others [1].

Thus, the composite action of existing floor
elements and strengthening elements is achieved in
these methods in various ways. Natural adhesion
between existing and new concrete (methods 1, 4) is
small and variable, increasing required design material
to ensure contact-joint strength [3]. The use of welded
connections (method 5) changes the properties of the
existing reinforcement steel, which can be critical for
prestressed  structures. Welding to  existing
reinforcement (method 5) alters the properties of the
existing steel and can be critical for prestressed
elements. Mechanical anchoring and bearing (methods
2, 3, 6, 7) sometimes demand complex technology for
lifting and aligning elements [4, 6].

The scientific search for improved strengthening
solutions of span structures is aimed at developing the
existing methods — optimizing redistribution of external
loads [5], improving reinforced concrete jackets and
side reinforcement [6], considering the actual elasto-
plastic behavior of concrete [11] under the complex
stress-strain states in strengthening structures [8, 9],
and improving concrete properties [15]. Use of bolted
connections for strengthening damaged reinforced
concrete beams offers technological advantages in
practice — as shown by [10, 12].

At the same time, chemical anchors [13, 14] are
gaining popularity in modern construction practice for
connecting steel and concrete structures, as they have a
number of advantages over mechanical and friction
anchors [2]. However, the experience of using chemical
shear anchors in the rehabilitation of industrial
buildings in Ukraine is limited and requires further
research.

Problem statement.

This paper describes the experience of combined
strengthening of reinforced concrete beams and precast
hollow-core slabs obtained during the scientific and

technical support of the design and reconstruction of an
industrial facility in Chornomorsk (Ukraine).

Main material and results.

We present an example of an author’s structural-
technological solution for strengthening reinforced
concrete beams and precast hollow-core panels of part
of the slab above the basement during sanation of the
production building of the Chornomorsk Oil and Fat
Plant.

During the building's operation, the structure of this
floor has undergone natural physical deterioration and
does not meet current operational requirements. In
particular, visual inspection revealed cracks in the
floor, which occurred due to excessive deflections of
the 9m span hollow-core floor panels. Further
inspection established the necessity of a major repair of
the slab over the basement in the part of the building
between the expansion joints in axes «9»-«22» / «K»-
«H» (Fig. 1) was established. At the same time, the
modernization of production processes requires an
increase in the maximum design live load on the floor:
to an operational value of 10 kPa, and a limit value of
12 kPa.

The structural scheme of the building part for which
precast reinforced concrete slab strengthening is
designed differs for basement and first floor levels.

Below level 0.000 the building’s structural system
is a mixed frame-and-wall system with vertical load-
bearing elements: outer monolithic reinforced concrete
walls 600 mm thick and inner monolithic reinforced
concrete columns with cantilevers, cross-section
600x600 mm, supporting a system of precast and cast-
in-place ribbed reinforced-concrete slabs. Main precast
beams have cross-section of 500x800 (h) mm with
12 m span and cross-section of 400x500 (h) mm with
6 m span; which support precast hollow-core panels
with spans of 9 and 3 m and a height of 220 mm (larger
part of the slab). Part of the floor slab (along the
external monolithic reinforced concrete wall) is a cast-
in-place slab 250 mm thick. Layout of hollow-core
panels and cast-in-place slab above the basement is
shown in Fig. 2a; beam layout in Fig. 2b. Loads are
transferred to the soil base through a solid reinforced
concrete foundation slab 700 mm thick. Spatial
stiffness of this part of the building is ensured by the
stiffness of the monolithic frame (foundation slab —
columns — beams) working together with the floor slab
formed by precast and cast-in-place panels.

Instrumental inspections established beam design
details (Fig. 3). The edge beams with a section of
400x500(h) mm and a 6 m span have main longitudinal
reinforcement of 425 mm in both the top and bottom
zones along the entire length. The middle beams
500x800(h) mm with a 12 m span — 5@36 mm in both
the top and bottom zones along the entire length. The
spatial reinforcement cages of the beams are composed
of individual flat cages, formed by connecting the
longitudinal working reinforcement with transverse
bars @12 mm at 200 mm spacing.

The floor topping thickness is 80 mm (50 mm over
cast-in-place slab parts).

6 ISSN: 2518-1106(online)

Academic journal. Industrial Machine Building, Civil Engineering. - 2 (65)' 2025



a)

6000

6000 [}

-

6000

R

6000

e

6000
30200

" “Section of the floor slab subject to rehabilitation
[@rea: 2201,4 m?) | I

6000

72200

6000

6000

6000

59500

6000

=3
=1

6000

6000

00 | A

6000

6000

6000

6000

6000

6000

5000

CICNONONGECONONONONONE)

5000

@@ O000R®O®O @G

6000

6000 6000 6000 6000

6000 6000 6000 6000 6000 6000 6000

2400

200

9(10

-

@

b)

+2600

<P

50

10700 |

Floor -80 (100) mm
Floor slab -220 (200) mm

Precast monolithic reinforced concrete beam

-7,300

220,

7000

24000

700

6000 24000

®

®

X

®

Figure 1 — Frame of the part of the building for which strengthening of the precast reinforced concrete floor is
planned: a —first-floor plan (at the level of the floor being strengthened); b — cross-section

Interpretation of results and their approval.

To meet the design requirements, a combined
strengthening system for the reinforced concrete beams
and precast hollow-core floor slabs was developed. The
load-bearing capacity and stiffness of the beams are
increased by applying system of the following
methods: a) installing additional external longitudinal
rigid reinforcement; b) applying reinforced concrete
topping to increase the cross-section by 340 mm;
¢) changing the beam cross-section from rectangular to
T-shaped with a top flange (the precast slabs and cast-
in-place topping become the beam's flange in their
composite action); d) changing the beam's design
scheme to continuous by creating a composite (precast-
monolithic) section over the supports. A spatial view of
a fragment of the strengthened floor is shown in Fig. 4.
Fig. 5 shows principal detailing of the new floor slab
after strengthening the existing structure. The design
model of the strengthening mounting plate and the

results of the finite element analysis are shown in
Fig. 6.

The additional external longitudinal rigid
reinforcement is made of rolled steel elements: in the
tension zone 2L 125x10 S245; in the compression zone
2L125x10 S245. They are combined into a welded
spatial cage-truss jacket using vertical rigid
reinforcement: L 75x8 S245 and channels 16U and
12U. The stability of the cage-truss jackets compressed
longitudinal elements is ensured by bracing along the
length at max spacing 750 mm. Vertical reinforcement
elements are connected to each other vertically through
12 mm thick mounting plates (Fig. 6). Welded joints
allows for more effective redistribution of internal
forces by absorbing part of bending moments and shear
forces in the cage-truss jacket plane. Mounting plates
will also absorb part of the shear forces and torsional
moments in the beams (which are bending for the lattice
element at this point).
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An important aspect of the composite action of the
reinforced concrete beam and the strengthening cage-
truss jacket is the connection using chemical anchors,
which are attached to the mounting plates. The
positions for the chemical anchors attachment were

bending zone of the lattice elements due to the
requirements for anchor bolt placement (minimum
distances from the edge of the element and between
anchors when checking for concrete breakout), as well
as the need to minimize their impact on the stress-strain

determined based on their maximum proximity to the state of the reinforced concrete beam in the
theoretical neutral axis at operational loads. It is corresponding sections.
impossible to place the plate directly in the zero-
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Thus, the mounting plate operates under a complex
stress-strain state. Its design used finite element method
(FEM) calculations based on component-based
modeling (CBFEM) with the IDEA StatiCa software
package under the most unfavorable corresponding
possible combinations of external loads (Fig. 6).
Verification of bolted and welded connections was
performed using the standard component method. The
behavior of welds and bolts in the connections was
modeled using linear elements. The actual stress-strain
diagram for steel is replaced by a bilinear one. Stress in
steel does not exceed the yield strength when using an
ideal elasto-plastic stress-strain diagram.

The strength check of the chemical anchor
connections was also performed using CBFEM in
IDEA StatiCa (Fig. 7). The results of the anchor
connection calculation are given in Table 1. Following
assumptions were made: the mounting plate is not fixed
relative to the beam concrete, welds are modeled using
a special elasto-plastic element added between the
plates, bolted joint consists of compressed plates and
bolts working in shear and tension.

Modeling results indicate that instolled anchors
ensure compatibility of deformations between
strengthening cage-truss jacket and the existing
reinforced concrete beam, with the anchors located
closer to the middle of the beam span being the most
loaded. Verification of the concrete according to DSTU
EN 1992-4:2022 showed that the ultimate design
stresses appear in concrete are about 50% of the
corresponding values of the strength of C20/25
concrete.

To include the existing precast hollow-core panels
in the composite action and, accordingly, to change the
design cross-section of the existing rectangular beams
to a T-section (with a flange in the upper composite
slabs), concreting of the cores in the compressed zone
(in the transverse direction for the slabs) is provided.

The concrete class in all cases must not be lower than
the actual concrete class of the existing structures.

=]

Figure 7 — Isofields of stresses in the plate and concrete
in the anchor connection zone

Table 1 — Results of the anchor connection analysis

Anchor Ultimate external Concrete bearing
No forces, kN capacity, kN
NEed VEd NRd,c VRdc
2 3,9 6,8 71,7 43,7
3 0,1 6,6 71,7 -
4 0,0 54 - 43,7
5 1,4 4,9 71,7 88,3

The reliability of the contact joint between the
precast hollow-core slabs and the cast-in-place concrete
slab topped above is ensured by the approved method
of a shear key connection. A similar solution was
adopted for strengthening the cast-in-place part of the
existing slab. The cross-section enlargement was
designed according to the following scheme: 1)
installation of welded reinforcement cages with
working reinforcement @12 A500C into pre-cut
grooves in the panel cores; 2) reinforcement over the
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entire slab area with bars @12 A500C with a 200x200
mm mesh and additionally 325 A500C along the
beams above the slabs; 3) joining all reinforcement
elements using tying wire. Fig. 8 and Fig. 9 show
diagrams of the stages of strengthening the floor panels
by topping with a cast-in-place reinforced concrete
slab.

Figure 10 shows photo documentation of the
sequential stages of technological process for
implementing the design solution proposed by the
authors — from inspecting the technical condition of
existing structures to installing the strengthening
elements.

Conclusions.

An improved technological solution for
strengthening long-span precast reinforced concrete
beams and hollow-core panels has been implemented
in the practice of industrial building rehabilitation. It is
based on a combination of established methods for
strengthening reinforced concrete structures and the use
of chemical anchors in the connections between the
strengthening elements and the existing structures to
ensure their reliable composite action. The described
experience supports recommending chemical anchors
usage when restoration and significantly improve the
operational characteristics of buildings and structures is

required.
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Figure 10 — Photos of different stages of floor strengthening: a — at the 1st-floor level before strengthening; b —
openings for installing vertical stops; ¢ — cutting grooves in the hollow-core panels; d — installation of metal cage-
trusses with attachment to beams using chemical anchors; e — installation of reinforcement cages in the grooves
and their concreting; f — finished structure of the strengthened beams (photo from below the floor from the
basement level)

The proposed solution demonstrates high
technological adaptability and can be effectively
implemented not only in the rehabilitation of industrial
facilities but also in civil construction, particularly in
situations with limited access to structural elements or

when complete dismantling is not feasible. The use of
chemical anchors combined with traditional
strengthening methods ensures enhanced reliability,
reduces construction time, and minimizes intervention
in the existing structural system.
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Hocsig nigcuneHHs 36ipHOro 3ani306eTOHHOMO NEePeKPUTTS MpuU caHauli
BUPOBHUUMX BypaiBenb

AnHoTaujs. VY cTaTTi npepcTaBneHo NPaKTUYHWIA [OCBif, KOMGIHOBaHOro mMiAcWneHHs 36ipHMX 3anisoBbeToHHUX Ganok i
6araTonycToTHUX NaHenei MepeKpUTTS i, Yac caHauji BUpoBHMuoI 6y iBni YUopHOMOPCHKOro oliMHO-)XMPOBOro KoMBiHaTy. Onu1caHo
BUXiHWA TEXHIYHWA CTaH KOHCTPYKLjW, pesymnbTaTW iHCTPYMeHTanbHOro oBCTeXkeHHs. 30KpeMa, iCHyloua KOHCTPYKLUS, Lo
CKIaJaETbCs 3 BENMKOMPOroHoBuWX 6anok (o 12 M) Ta 6araTonyCToTHUX NAMT NepeKpuTTS (MPOroHoM 9 M), 3a3Hana thisuyHoro sHocy,
Mana HapMipHi nporuHu. [MpoBepeHo 06FpYHTYBaHHS HeOBXiQHOCTI MigcuneHHs Yy 3B8'A3Ky 3i 36iNbLUeHHSIM PO3paxXyHKOBUX
HaBaHTaxeHb: Ao 10 kMa (excnnyatauiiHe) i Ao 12 kMMa (rpaHKuHe). 3anNpOMoHOBaHO KOHCTPYKTUBHO-TEXHOMONIYHY CUCTEMY, LD
MOEQHYE 30BHILLHE )XOPCTKe CTasieBe apMyBaHHs Y BUIMISIAj (hepMn-060iMM, HapoLLYyBaHHS! Nepepi3y apMoBaHUM HaBeToHyBaHHSM Ta
3abesneveHHs cyMicHoi poboTy NUT i 6anok LWISXOM MOHOMITHOrO 3'€aHaHHS. [leTanbHO OnMcaHo KOHCTPYKLLiHO MOHTaXHUX MIacTUH
i KpinneHHs depMu po 6Ganok 3a HOMOMOrolo XiMiYHUX aHKepis 3 pesynbTatamm CBFEM-pospaxyHkie y MK IDEA StatiCa, wp
MNiATBEpMKYIOTb 3aMac Hecyuyol 3AATHOCTI i XKOPCTKOCTI Ta MPUMHATHY Mepepavy 3ycunb Ha 6eToH. HaBepeHo TexHororito
HapoLLYBaHHA MAUTU 3BepXy, BK/IHOYHO 3 PO3MILLEHHSM apMaTypHUX KapkaciB y 6opo3pax MyCTOTHUX MaHeniel i MopsiaKoM
6eToHYBaHHS 3axBaToK. [poaHanizoBaHO nepeBary KOMBIHOBaAHOro MiAXOAY LIPAO MiABMULLEHHS XXOPCTKOCTI Ta HeCyYol 30ATHOCTI, a
TaKOX OBMEXeHHs1 NoKanbHWX Br/MBIB Ha iCHyloui nepepisn. PesynbTaTv BnpoBamKeHHs MigTBEPMXKYOTb e(eKTUBHICTb
3aMporoHOBaHOro pilleHHs ANS BiSHOBNEHHS i NiABULLEHHS eKCrTyaTaujHUX XapaKTepUCTUK BENMKOMPOiTHUX 3ani306eTOHHUX
KOHCTPYKLjA NPOMUCIIOBUX ByfiBerb.

Knrouosi crosa: caHauist 6ygjBenb, Hecyva 3[aTHICTb, 3ani306eToHHa cucTeMa NepeKpUTTS, 36iNbLUEHHS! XXOPCTKOCTI NMEPeKpUTTS,
XiMiYHWIA aHKep; METOR, CKIHYEHHUX eNIeMeHTiB, TEXHIYHMIA CTaH, iIHCTPyMeHTarbHe 06CTEXeHHS.

*Anpeca ans nmcTyBaHHs E-mail: expert.fedorov@yahoo.com
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