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IMPROVED PRECAST REINFORCED CONCRETE CROSSBAR
OF REDUCED HEIGHT. RESULTS OF FULL-SCALE LOADING TESTS

Theobject ofthestudyisanimproved design ofareinforced
concrete floor crossbar as part of a prefabricated frame
of a residential building. The crossbar has a reduced
height with undercuts in the support zones, which in
combination with modified prefabricated multi-hollow
plates allows you to perform the lower surface of the
overlap without protruding ribs. This solution allows
you to use precast reinforced concrete with all its
advantages and compete with monolithic reinforced
concrete girderless frames. To ensure the strength of
inclined sections to the action of transverse force and
bending moment, cage using rigid inserts made of
sheet steel are used as transverse reinforcement. The
results of the tests showed that the developed crossbar
meets the stated requirements for both the first and the
second group of limit states (strength, stiffness, crack
resistance). Transverse reinforcement in the form of
cages with rigid inserts made of sheet steel provides the
required bearing capacity of inclined sections. The test
confirmed the reliable joint work of concrete and rigid
inserts from the beginning of loading to the ultimate
state of strength.

Keywords: precast reinforced concrete structures,
prefabricated frame without beams, prestressed beam,
cage with rigid inserts, full-scale tests

The currentsituation in the housing construction
market, namely the increased requirements for
comfort and low cost, has forced specialists to
constantly review and modify the design solutions
adopted in the construction of residential buildings.

Nowadays, in civil engineering, from the entire
list of structural solutions for civil buildings (stone
buildings; monolithic frames with ribbed and flat
beamless floors; prefabricated frame, braced and
frame-braced frameworks; half precast frames,
panel buildings), beamless capital-free frame
has become popular. This system has several
advantages, namely, reduced overall cubic volume
of the building, improved sanitary conditions

Ob6vexnom uccAe006aHUsA6AACTNCEYCOBEPULEHCIB06AHHASL
KOHCHIPYKUUS  5KeAe300emoNH020 puzeAs NnepeKpolmnusl
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6 6ude KAPKACO6 C KECMKUMU 6CMASKAMU U3
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Katouesvie  caosa:  cOoprivie  skeneso0emotitble
KOHCMpyKuuu, — cooprviii  0esbarounviii  Kapkac,
npedsapumeAbHo HANPSAKEHHOLI PuzeAb, Kapkac ¢
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(lighting, ventilation, and insolation), greater
architectural brevity and expressiveness, and
possibly free planning of premises. Moreover,
there are significant disadvantages inherent in
monolithic structures, namely the installation of
labor-intensive and expensive formwork, the need
to control the strength of the concrete directly at
the construction site, increased consumption of
concrete and reinforcement (necessitated by the
requirements of the second group of limit states),
the danger of a decreased bearing capacity owing to
the risk of undercompaction of concrete because of
the high saturation with reinforcement, seasonality
of work, energy costs for works in winter, long
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construction periods, depending on the duration
of concrete hardening in natural conditions, and
low industrialization of construction.

The main advantage of constructing objects
from precast reinforced concrete structures (RCS)
is the assembly speed, as a prefabricated frame
does not require additional time to gain the
concrete strength in structures, as in monolithic
construction; the absence of wet processes allows
the construction and installation work to be
performed all year round and in different climatic
conditions. Another advantage of the prefabricated
frame is that reinforced concrete factories have
a product quality control system. In addition,
the production of prestressed RCS is possible
only under factory conditions. This allows long
construction time and high quality of buildings
and structures. The use of precast RCS contributes
to industrialization and maximum mechanization
of construction. Thus, precast RCS help reduce the
construction costs. However, the lack of free space
planning and less existing solutions for precast
reinforced concrete frame and panel buildings
are the main and decisive factors reducing their
competitiveness.

In this regard, at the Department of RCS of
the Academy of Construction and Architecture,
Samara State Technical University, together with
specialists from the Experimental Plant SMiK,
Tolyatt, andd PKM Tatishchev, a precast beamless
frame of a multistory building with an improved
floor slab system without protruding elements was
developed, allowing the use of precast reinforced
concrete with all its advantages.

The structural system of the building was
adopted by analogy with 1.020-1.87 series with
amendments in the column consoles, crossbar
heights, support units for crossbars on column
consoles, floor slab structures, and stiffening
diaphragms. The result was a building with a
flat floor slab. In this case, the frame functions
according to a bracing scheme, which ensures the
ease of installation of structures on the construction
site.

The frame includes prestressed cross-sectional
T-bars (with a flange in the tension zone) with
undercuts in the support zones. This crossbar
design, combined with precast hollow-core floor
slabs, allows the creation of a ceiling surface
without protruding ribs. In contrast to a similar
crossbar of the standard series 1.020-1.87, the
developed cross-section has a lower height of 300
mm (in the standard version, the cross-section
height is 450 mm). A formwork drawing of the
crossbar is presented in Fig. 1. Calculations for
strength, stiffness, and crack resistance, as well as
the crossbar design, were performed by employees
of the Department of RCS of the Academy of
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Construction and Architecture, Samara State
Technical University, using methods partially
described in [1, 2].

Reducing the crossbar height results in a
significant loss of rigidity, thereby increasing its
deformability. From the viewpoint of ensuring
strength, the shortcoming is the support zones due
to the undercuts of a small cross-section.

To ensure the strength of inclined sections
under the transverse force and bending moment,
frames using rigid inserts made of sheet steel
were used as transverse reinforcement (Fig. 2).
Such reinforcement provides significant load-
bearing capacity for the short cantilever formed by
undercutting, with relatively small cross-sectional
dimensions of the cantilever.

To ensure optimal collaboration between the
concrete and plates, inserts are constructed with
perforation.

To prevent the flange from being torn at the
center of gravity of the longitudinal prestressed
reinforcement, anchor-type embedded parts are
provided, which are laid in the support zones
along the lower surface of the flange. A drawing of
the embedded part is shown in Fig. 3.

At the SMiK Experimental Plant, two prototypes
of floor crossbars were manufactured and tested
in the laboratory of the Department of RCS of
the Academy of Construction and Architecture,
Samara State Technical University. The design
concrete class was B40. The specified prestress
o,, was 550 MPa. The longitudinal reinforcement
of the crossbar was five prestressed rods with 18-
mm diameter, class A800, in the lower zone; two
rods with 18-mm diameter, class A400, without
prestressing; four rods with 12-mm diameter, class
A400; four rods with 22-mm diameter, class A400,
in the area compressed by an external load. To
ensure anchoring of the prestressed rods, plates
with anchors were provided along the lower edge
of the crossbar.

The crossbar was tested based on the
requirements of GOST 8829 in the working position
according to a scheme wherein one support was
fixed and the other was movable, allowing the
crossbar to move along the span.

The test was performed using four DG-25
hydraulic jacks. The pressure in the jacks was
created through a manual hydraulic pump station.
A general view of the tested structures is shown
in Fig. 4.

Loading was performed in stages; the equivalent
load at each stage did not exceed 10% and 20%
of the control load for strength and rigidity,
respectively. After each loading stage, the crossbar
was held for at least 10 min; at control loads, the
crossbar was held for at least 30 min. At the last
stage of loading, the crossbars were held for 2.5
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Fig. 1. Formwork drawing of the crossbar
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Fig. 2. Frame for transverse reinforcement
of the crossbar
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h. At each stage, readings from deflectometers
and dial indicators were recorded, and a control
sample was also inspected for crack formation.
Photographic recording was performed at the
control loads.

To determine the actual deflection of the floor
crossbar, 6PAO deflection meters (division value
0.01 mm) were installed in the middle of the span,
one on each side of the crossbar. The displacement
(in the longitudinal direction) of the ends of the
reinforcing bars relative to concrete at the slab ends
was measured on the three middle bars on each
side of the beam. Measurements were performed
using dial indicators. The indicators were fixed on
prestressed rods using specially designed grips.
The crack-opening width was determined using
an MPB-3M measuring microscope.

At stage 3 of loading at a load of 16.2 t (1.185
t/m), corresponding to the control load for the
formation of cracks normal to the longitudinal axis
of the element, no cracks were detected. Vertical
cracks were formed, originating at the inner corner
of the undercut. Cracks normal to the longitudinal
axis of the element in the middle of the span were
recorded at stage 5 of loading at a load of 24 t
(4.444 t/m).

At the control load for rigidity and crack
resistance (stage 7, 31.5 t (5.833 t/m), the actual
deflections of the structures were 25.09 and 25.05
mm, respectively, i.e., below the control 26.78 mm.
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Fig. 3. Anchor-type embedded part
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Fig. 4. View of the tested samples

No force inclined cracks were observed in the
support zones. The opening width of the cracks in
the middle of the span, normal to the longitudinal
axis of the element, was 0.05 mm, below the
control value of 0.062 mm. Hairline cracks were
recorded along the span at the junction of the
flanges for a length of approximately 15 cm with
an opening width of 0.1 mm. The opening width of
the vertical cracks originating at the inner corner of
the undercut was 0.25 mm. Thus, the requirements
of GOST 8829 for the rigidity and crack resistance
of crossbars were met.

At stage 8 of loading at a load of 35 tons (6.481
t/m), arc-shaped cracks were recorded at the ends
of the crossbar flanges. These cracks at loading
stage 11 are presented in Fig. 5.

Cracks along the span at the junction of the
flanges (Fig. 6) showed significant development
dynamics at stage 9 of loading at a load of 41.5 t
(7.685 t/m). The opening width of these cracks was
0.7 mm. However, their lengths changed slightly.
With further loading, the opening width of these
cracks changed insignificantly.

At a control load for strength according to
case 1 of the destruction of GOST 8829 (fracture
from the working reinforcement of a normal or
inclined cross-section of stresses corresponding to
the yield strength (conditional yield strength) of
steel, before the crushing of compressed concrete),
which corresponds to stage 11 of loading, 50.5 t
(9.352 t/m), the actual deflections of the crossbars
were 51.41 and 51.43 mm, i.e.,, under the limit
value of 90.53 mm. Consequently, due to the yield
strength (conditional yield strength) in the working
longitudinal reinforcement, the destruction of the
structure did not occur.

At a control load for strength according to case
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2 of the destruction of GOST 8829 (fracture from
crushing concrete of a compressed zone above
a normal or inclined crack in a product until the
yield point (conditional yield strength) of steel in
tensile reinforcement was reached, attributed to the
brittle nature of destruction), which corresponds
to stage 13 of loading, 61.5 t (11.39 t/m), inclined
cracks at the internal corners of the undercuts
and in the supporting areas behind the undercuts
were not recorded. The opening width of vertical
cracks at the internal corners of the undercuts
was 0.25 mm, indicating good joint work of rigid
inserts with concrete in the structure. In this case,
the maximum displacement of the ends of the
prestressed reinforcement was 0.13 mm <0.2 mm.

No concrete fragmentation was noted at the
crack tips. The actual deflections of the structures
were 74.98 and 74.09 mm, which were under the
limit value of 90.53 mm; therefore, the stresses
in the working longitudinal reinforcement did
not reach the yield strength (conditional yield
strength). Thus, the strength of the crossbars,
corresponding to case 2 of the destruction of GOST
8829, was ensured.

With further loading, a significant increase in the
deflection, opening of cracks, and displacement of
the ends of prestressed rods relative to the concrete
was noted (0.16 mm at stage 15). No concrete
fragmentation was observed at the crack tips. At
stage 15 of loading at a load of 68 t (12.59 t/m), the
actual deflection was 98.84 and 98.8 mm (Fig. 7),
respectively,which exceeds the limit value of 90.53
mm. Therefore, a state of destruction was achieved
by reaching stresses in the working reinforcement
corresponding to the yield strength (conditional
yield strength) of steel in tensile reinforcement.
A load of 68 t (12.59 t/m), corresponding to stage
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15, should be considered a destructive load. The
safety factor c was 1.765.

On the basis of the results of full-scale loading
tests on precast reinforced concrete double-flange
crossbars of reduced height with undercuts in the
support zones, the following conclusions were
obtained:

— the deflection of the crossbars and the
crack-opening width under the control load did
not exceed the control values, the design of the
developed crossbar meets the requirements for
rigidity and crack resistance,

— the destruction of the crossbars occurred
because the achievement of the normal cross-
section of the conditional yield strength in the
working reinforcement (case 1 of destruction), the
safety factor reached the value c =1.765 (for case 1
of destruction, the normalized safety factor is c =
1.33; for the case 2 of destruction, ¢ = 1.6),

- no destruction of concrete in the compressed
zone above the cracks (case 2 of destruction) was
noted,

— the displacement of the ends of prestressed
rods relative to concrete does not exceed the
permissible value when testing two structures
from a batch of 0.2 mm,

— the design of the developed crossbar meets
the requirements for strength, rigidity, and crack
resistance, and

— the proposed transverse reinforcement in the
form of frames with rigid inserts made of sheet
steel provided significant load-bearing capacity
of the inclined sections of the crossbars, good joint
functioning of concrete and plate was registered
from the beginning of loading of the crossbars to
its limiting state.
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