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Abstract. Strengthening methods of reinforced concrete roofs are known and developed in
sufficient detail. They are classified according to the constructions: strengthening of simply
supported and continuous beams, cantilever beams, panels, girders, trusses, arches, etc. But all the
proposed ways have common disadvantages — they require open space for work, provide for
preliminary unloading, and under certain circumstances, partial dismantling of significantly
damaged structures, and cannot consider the features of a specific technical situation naturally. We
offer the strengthening method of not a single beam, but the entire roof block, with limited time
period and the need to restart the production process in the shortest possible time, which has got
critical damage, during the situation that excludes temporary unloading, and the dismantling of
damaged areas or structures is impossible. The additional technical problem is that the supporting
vertical structures of the emergency shutdown — the columns are also in a critical technical
condition. Therefore, the attempt to dismantle any load-bearing element will lead to the complete
destruction of a large part of the industrial building and the cessation of production for a
considerable time period. The use of a spatial steel frame simplifies the strengthening work, speeds
up the return to production and does not increase the material costs

Keywords: strengthening of reinforced concrete structures with rolled steel profiles, steel
reinforcement beams, steel reinforcement casing.

Introduction. In the following years we will need to carry out the significant restoration work
on the reconstruction of industrial enterprises damaged by artillery attack. The determination of the
possibility and expediency of reinforcement, as well as the choice of ways and scheme of the
reinforcement are conducted in each individual case, considering the actual technical condition of
the structure and the building in general, the application severity and fire safety, the reinforcement
possibility without the suspension of production, the live load capability and the conditions of
performance of reinforcement works. Any reconstruction is accompanied, as a rule, by the change
of the loads for the building structures and the change of their initial structural schemes, which
leads to the need to increase the bearing capacity and, therefore, their strengthening. Especially if
this reconstruction is caused by the damage that led to poor technical condition of the load-bearing
structures or even to the emergency state. Due to the fact that among the building structures that
have been in use for many years as the industrial buildings, the reinforced concrete ones prevail.
The generalization and analysis of existing proposals and the development of effective and reliable
strengthening ways of such structures are the relevant task. In this scientific work the existing
technical solutions for beams strengthening are analyzed and another complex solution for
strengthening of the whole block of load-bearing structures of the industrial building is proposed.

Analysis of existing ways of beam strengthening. Strengthening of reinforced concrete
structures is achieved by two ways: the arrangement of the unloading elements or the increasing of
the cross-sections of the structures. At the same time the rigid unloading elements and flexible ones
with the elastic compliance are distinguished. The first ones include the strengthening elements, the
rigidity of which differs little from the rigidity of the strengthened structures. The second ones are
the elements which rigidity is much less. The involving of strengthening structures into the

-5-



Cyuachni 6ydisenvhi KOHCmpyKyii 3 memany ma oepegutu, 2023. — Bun. Ne 27 (cTop. 5-12)

continuous work with the strengthened structures is accompanied by changing of the initial design
scheme of the structure and its stress state. Strengthening with concrete or reinforced concrete when
increasing the cross-section does not cause the change of the structural scheme and its stress state.
The rigid unloading elements are used in those cases when significant load increasing is required
after strengthening of the structure and when there is no possibility to carry out their pre-stressing,
flexible for the structures that take mainly dead load and the strengthening is conducted when the
structure is fully loaded. The way and type of strengthening of the structures working for bending
and eccentric compression are chosen depending on the strength degree and the damage of the
compressed and tension cross-sectional areas.

Rigid unloading elements, the use of which is followed by increasing of the statical
indeterminacy degree of the strengthened structure, are used in the form of steel and reinforced
concrete poles, knees, portal frames, etc. Such strengthening elements are recommended to be used
in such a way as to provide their timely involving into the work. The degree of prestressing can be
insignificant, in other words it provides the shimming between the strengthened structure and the
unloading elements. Rigid unloading elements, the including of which is followed by changing the
place of load transfer, are used in the form of steel or reinforced concrete beams located on the top
or bottom of the strengthened structure. Flexible unloading elements are used in the form of cross
bracing and hangers made of reinforcement steel and rolled profiles, beams made of rolled profiles,
braced beams, prefabricated and monolithic reinforced concrete beams, brackets and knees made of
rolled profiles, truss rods made of reinforcement steel, rolled profiles or sheet steel, hinged-rod
systems made of reinforcement steel, rolled profiles, ropes, horizontal and inclined cables and
clamps made of reinforcement steel, cases and attachment racks made of rolled profiles and sheet
steel. In most cases, flexible unloading elements are prestressed.

In the following paragraphs we will consider several common ways to strengthen the
reinforced concrete beams.
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Fig. 1. Strengthening of the reinforced concrete beam with the steel beam resting on the piers

Strengthening is the method based on the prestressing of strengthening structures and is used
to increase the load-bearing capacity of the beam in connection with increasing of the load on the
roof or floor. The support bracket 4 is welded to the column, which at the previous stage of the
work should be strengthened with the case 5. The rolled I-beam or channel 1 is installed on the
brackets. The stiffening ribs 2 are welded near the supports and in the middle of the span. With such
strengthening, the compulsory condition is the development of the strengthening with reactive force
required to take the calculated element loads. The calculated value of the reactive force can be
controlled by the deflection of the steel beam 1, which is formed as a result of the installation of the
wedges 3 in the gap. The installed wedges must be welded to the steel beam 1. When strengthening,
the steel beam is included in the cooperation of reinforced concrete by generation of steel beam
stress using a jack, which is installed between reinforced concrete and steel beams. The jack pulls
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the strengthening beam 1 away from the reinforced concrete beam 6 and develops the calculated
value of prestress in the steel beam. The stress value is controlled by the manometer. The given
stress value is fixed with the help of the wedges 3.
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Fig. 2. Strengthening of the reinforced concrete beam of the monolithic floor slab with the
prestressed steel beam on the clamps

At first, four holes are made in the floor slab corresponding to the sizes of the channels 5.
Then the channels 5 are inserted into the holes and fixed to the floor slab by welding the stirrups 6.
The steel beam 2 is installed on the stirrups 6. The beam 2 is wedged with the wedges 4 with the
step 1.5-2 m to the calculated value of deflection. The stiffeners are welded under the wedges 4.
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Fig. 3. Strengthening of the beam of the monolithic reinforced concrete floor slab
with the trussing rod

The holes 10 are made in the floor slab and the reinforcement is opened. The anchors 9 in the
form of the channel scraps are welded to it. The tie 5 is performed with the diameter 16-36 mm. The
ends of the tie 5 are welded to the anchors 9. In the bent points of the rods, from the horizontal
section to an inclined one, between the ties and the bottom edge of the strengthened element, the
strip steel stirrup 6 is installed, to which the wedges 4 are welded. The ties 5 are involved in the
tension state by inter tightening of both legs with the tightening bolts 7, which are the stirrup with
two threaded ends and a common washer 8. After tightening, the locknuts are fixed on the
tightening bolts, which are then welded together with the bolts.
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Fig. 4. Strengthening of the floor beam with the additional rigid support

When strengthening the frame 1 with the steel knees 2, the base angles 5 are welded to the
reinforcement 6 of the top and bottom floor slabs. After fixing the knees 2, the wedge inserts 4 are
used to wedge the reinforcement structure in the top joint tightly.

Research object. One-story industrial building. The structural scheme is mixed, with the
internal framework: the interior load-bearing elements are monolithic reinforced concrete
framework with the columns 300x300 mm and the beams 400x300, 300x300 mm, the external ones
are load- bearlng walls made of shell stone and brick. Monolithic reinforced concrete foundations.
S ‘ The structural scheme of the roof is

L reinforced concrete beam grillage made of
monolithic reinforced concrete,
overlapped with the prefabricated box
panels. The survey revealed the significant
damage of the columns and beams: the
cracks in the tensioned zone of the beams,
the deflection of the columns from the
vertical. The customer defined the special
conditions for the restoration of the
building: the impossibility of dismantling
the damaged structures and limited time
period for the strengthening of the
structure.

Fig. 5. Research object

The aim of the research. Determine the technical condition of the research object. Develop
the procedure and make the working drawings for strengthening the damaged load-bearing
structures of the research object.

Research methods. The configuration, measurements, position in the plan and vertically of
the load-bearing roof structures, the sites of defect and damage were carried out according to the
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diagrammatic plan and the measurements of the structures at the construction site. The main height
marks of the bottom of the beams and slabs were determined. The cross-sections of the framework
elements, their damage and defects were measured. The survey of the open surfaces of the
structures revealed their damaged areas. In order to determine the construction of the foundations
and the depth of foot laying, two exploratory shafts were made: next to the column and the external
wall.

Research results. During the survey the following damages were registered in the building
structures:

- the cracks in the tension zone of monolithic reinforced concrete beams with the opening
width up to 10 mm. It was not possible to establish the full-scale deflection in the middle of
the beam span because it is unfastened by a temporary post (Fig. 5). The measured
deflection was 28 mm;

- the deflection of the columns from the vertical — up to 15-18 mm.

The general technical condition of the building is defined as emergency.

Considering the strengthening principles of reinforced concrete elements, we decided to
refuse the strengthening of individual damaged beams and columns and offer a comprehensive
solution for the entire block of building structures. The reinforced concrete roof with load-bearing
box panels and monolithic beams of rectangular cross-section is strengthened by the steel
framework made of rolled profiles resting on the individual columns and strengthened foundations.
The steel spatial skeleton is a backup load-bearing structure for the entire building block, which
allows to avoid determining the load-bearing capacity of individual damaged reinforced concrete
structures, which requires painstaking work regarding the strength of concrete and reinforcement,
the degree of physical depreciation and the development of individual strengthening of each
element. This approach is guaranteed to speed up the return to production and does not increase the
material costs, as opposed to the traditional way of complex searches for a considerable time period
with the involvement of the relevant specialists.

Based on the analysis of the technical situation at the construction site, the technical
capabilities of the enterprise, and the special conditions of building restoration, the following
strengthening method of load-bearing structures of reinforced concrete roof without dismantling the
damaged elements was proposed:

1.  before starting the work, jack up the reinforced concrete beams of the roof;

2. strengthen the foundations in accordance with the layout of new steel columns;

3.  install the steel columns with 2[24;

4 strengthen the reinforced concrete columns by connecting them with the columns
strengthened with the steel welded casing;

5. make the support brackets on the columns for further installation of steel strengthening
beams;

6.  strengthen the main reinforced concrete beams of the roof with the channels Ne 30, and the

secondary ones with I-beams 24;

7.  the channels Ne 30 should be installed on the support brackets on both sides relative to the
main reinforced concrete beams;

8. jack up and raise the main reinforced concrete beams to the original design position;

9. install the tie bars (packing blocks) [14 (according to the scheme of strengthening) between

the channels Ne 30;

10. weld the tie bars (packing blocks) [14 to the channels Ne 30 with the help of the angles on
both sides;

11. fasten the strengthening steel beams from the channels Ne 30 to the main reinforced concrete
beams with the expansion bolts. The anchoring of the channels on both sides should be done
in the criss-cross pattern;
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12. install the secondary steel reinforced I-beams Ne 24 under the secondary reinforced concrete
beams;

13.  weld the secondary steel reinforced I-beams Ne 24 to the main 2[30 steel beams and steel
columns;

14. install the horizontal bracing between the erected steel beams;

15. dismantle the jacks.
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Fig. 6. Strengthening scheme of the reinforced concrete roof
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Conclusions:

1. The research object is the one-story industrial building with a mixed structural scheme, with
an internal monolithic reinforced concrete framework and external load-bearing walls made of

the shell stone.

2. The inspection detected the significant damage of the roof. The technical condition of the

building is defined as emergency.

3. The customer defined special conditions for the restoration of the building: the impossibility
of dismantling the damaged structures and a limited time period for the strengthening of the

structure.

4.  The complex solution for a whole block of building structures was proposed. The reinforced
concrete roof with load-bearing box panels and monolithic beams with the rectangular cross-
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section is strengthened by a steel spatial framework made of rolled profiles resting on the
separate columns and strengthened foundations.

5. The use of a spatial steel framework simplifies the strengthening work, speeds up the return to
production and does not increase the material costs.

6.  The proposed structural strengthening solution can be used reliably in the case of the need to
strengthen roof reinforced concrete structures under similar technical conditions.
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Ooecvka depoicasrna akademis 6YOiGHUYMBA MA APXIMeKmypu

Metoau miACUICHHS 3a71i300€TOHHUX TOKPHUTTIB BiOMI 1 po3po0IeH] JOCTaTHBO JIETAIbHO.
Bonu knacudikyroTbcsi BIAMOBIAHO 1O KOHCTPYKIIN: MiJICHIEHHS PO3PI3HUX 1 HEPO3PI3HUX Oalok,
KOHCOJIbHUX OajoK, MaHeneu, purenei, Gpepm, apok i T. m. Aje BCl MPONOHOBaHI 3acO00M MAarOTh
3arajibHi HEJIOJIKM - BHMAraloTh BUIBHOTO IMPOCTOPY A poOOTH, NependadaroTh MOINEpeaHe
PO3BaHTAXXEHHS, a TNPU NEBHUX OOCTaBMHAX YACTKOBUH JEMOHTAaX CYTTEBO IOUIKOJKEHUX
KOHCTPYKIIIH, HE MOXYTh, IO MPUPOJHHO, BPAXOBYBaTH OCOOJIMBOCTI KOHKPETHOI TEXHIYHOT
curyauii. MU MporoHyeMO METOJ| MiJICHJICHHS HE OKpeMoi Oaliki, a LiJIoro OJOKY MOKPHUTTS, IpU
0o0OMeXeHOMY 4Yaci 1 HeOOXiJHOCTI BITHOBUTH BHUPOOHWYHI IPOIEC B HAWKOPOTIII TEPMiHH, IO
3a3HaB KPUTUYHHUX IMOLIKOJDKEHb, Yy CHUTYyallil, IO BHKJIIOYAaE THMYAcOBE PO3BAHTAXCHHA, a
JEMOHTa)X aBapiiHUX [IISHOK a00 KOHCTPYKIIH HeMOXJIMBUH. Jl0IaTKOBOIO TEXHIYHOIO
npoOJIeMOI0 € Te, M0 HEeCy4i BEPTHKaIbHI KOHCTPYKIII aBapiifHOrO MOKPUTTS — KOJOHH, TEX
3HAXOATHCA B aBapiiHOMY TEXHIYHOMY CTaHi. Tomy cmpoba JeMOHTaXy Oyab-sIKOTO HECY4Oro
eJIEMEHTa TMpHU3BEAE [0 IOBHOTO pYHHYBaHHS 3HAYHOI YAaCTUHM TPOMHUCIOBOI OyniBmi 1
NPUITMHEHHS BUPOOHWIITBA HA 3HAYHWU IEpiog 4acy. 3aCTOCYBaHHS IPOCTOPOBOTO CTaJCBOTO
KapKacy crpollye poOOTH 3 MiJCUIICHHS, NMPHCKOPIOE BITHOBJICHHA BUPOOHUIITBA 1 HE 30LIbIIy€
MarepiaiabHi 3aTpaTu.
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-12 -



