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BENDING WITH TORSION OF FIBER REINFORCED
CONCRETE BEAM OF CIRCULAR CROSS SECTION

Sergey A. Bulkin
CJSC "GORPROEKT", Moscow, RUSSIA

Abstract. The article provides information about the tests of circle cross-section reinforced concrete beams made of high-
strength steel-fiber concrete on combined torsion and bending. Given information contains the main results: a diagram of
the cracks with an indication of their opening width, the values of support reactions at the moment of cracking and at the
moment before destruction. It was found that as the load is applied in beams made of high-strength steel-reinforced concrete,
in the case of several cracks at the first stage, there is one crack increases. The beams are modeled in the design complex
and given description of the main design parameters. The results of the calculation are presented and a comparative analysis
of the results obtained with the experiments results. It is noted that the adopted models in the computational complexes
require the development of subroutines and refinement.

Keywords: reinforced concrete structures, combined bending and torsion, deformation, strength, circle cross section

KPYUYEHUE C U3T'UBOM CTAJE®UBPOXEJE30EETOHHOM
BAJIKU KPYIJIOI'O CEYEHUA

C.A. Bynkun
3A0 «I'OPITPOEKT», . MockBa, POCCH A

AnHoranusi. B crarbe npuBenena nHGopmanus o IpOBEICHHBIX UCTIBITAHUHN YKeJIe300€TOHHBIX 0AJIOK KPYIJIOTO CeUeHHUs
U3 BBICOKOIPOYHOTo crajedudpodbeToHa npu AeHcTBUYM KpyueHHs: ¢ u3rudom. [IpuBenena nHpopmanms mo 0CHOBHBIM
MOJIyYSHHBIM pe3yJIbTaraM: CXeMa TPEIIMH C yKa3aHHeM UX IIUPUHBI PACKPBITUS, 3HAYCHHSI ONIOPHBIX PEaKIHi B MOMEHT
00pa30BaHMs TPELIMH U B MOMEHT, IIPELIECTBYIOMUH pa3pyLIeHHI0 00pa3na. YCTaHOBICHO, YTO 0 Mepe IPHIOKESHHS
Harpy3Kky B Oajlkax U3 BHICOKOIPOYHOTO cTae(uOpoOeTOHa yBEIMYMBACTCSI B OCHOBHOM OJIHA TPEIMHA, JaKe B clIydyae
BO3HHUKHOBEHHMSI HECKOJILKUX TPEIMH Ha IIepBoM dTarne. [IponsBeieHo MojennpoBanue 0ajJoK B pacCieTHOM KOMILIEKCE C
OITMCaHUEM OCHOBHBIX PACUETHBIX ITPEANOChUIOK. [IpruBeIeHbI pe3ynbTaThl pacueTa 1 BHIIIOJIHEH CPAaBHUTEIIbHBIN aHAN3
HOJIyYECHHBIX PE3YJILTATOB C PE3yJIbTaTaMy IPOBEACHHBIX IKCIIEPUMEHTOB. OTMEUEHO, YTO MPUHSTHIC MOJIENN B PACYETHBIX
KOMIIIEKCax TpeOyIoT pa3padOTKH NOANPOrpaMM U YTOYHEHHS.

KiroueBbie ci10Ba: ’Keae300eTOH, KPyUYECHUE C U3rHO0M, ehOpMaIlii, TPOYHOCTh, KBAIPATHOC CCUCHUE

INTRODUCTION

The designed elements of reinforced concrete
structures, especially unique buildings and
structures that operate in conditions of a
complex stressed state - torsion with bending. A
separate group of elements can be distinguished
(beams with consoles, edge beams, stiffening
cores of high-rise buildings, spatial frame
structures, etc.) in which torsion plays a primary
role in the work.
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Work in the field of investigation of the torsion
of reinforced concrete structures was carried out
and is being carried out by many specialists,
both Russian and foreign: V.M. Bondarenko,
P.F. Vakhnenko, A.[. Demyanov, N.L
Karpenko, V.I. Kolchunov, V.I, AM.
Kuzmenko, V.I. Morozov, V.I. Travush, A.
Bishara, H. Gesund, E. Rausch, T.T.C. Hsu et
al. [1-15]. At the same time, only individual
authors have dealt with the issue of the
operation of structures with the combined action
of torsion and bending, and the issue of the
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operation of reinforced concrete structures made
of high-strength fiber-reinforced concrete is at
the initial stage.

Despite the fact that technological progress and
existing needs require the use of new materials,
regulatory documents cannot cover the entire
range of emerging tasks, and the responsibility
for the choice of both the design model and the
obtained calculation results lies directly with the
designer, who is faced with a difficult choice
issue a calculation model that allows you to
properly reflect the actual performance of the
structures. In most cases, the solution to the
problem arises comes down to assumptions, due
to the lack of results of the conducted field
experiments.

Considering the above, the development of a
methodology for calculating reinforced
concrete structures made of high-strength
steel-fiber reinforced concrete in torsion with
bending, taking into account the occurrence
of cracks, is an urgent task. In this case, the
refinement of the main design parameters
(deflections and angles of rotation of
sections, the scheme of cracks and their
opening width, the moment of crack
formation) adopted in the design model
should be carried out on the basis of
comparing the calculation results with the
results of the experiments performed.

RESULTS AND DISCUSSION

A number of experiments were carried out to
study the work of reinforced concrete beams of
a circular cross-section on the joint action of
bending with torsion to determine the actual
bearing capacity.

For the study, beams of circular cross-section
with a diameter of 20 cm and a length of 1.2 m
were made. The beams were made of steel fiber
reinforced concrete B130 with steel fiber 13 mm
long, 0.3 mm in diameter and a temporary
resistance of at least 1200 MPa.

Reinforcement of beams is made in the form of
welded frames with longitudinal and transverse
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reinforcement A240 @6 mm. The longitudinal
reinforcement is provided with eight rods, the
transverse reinforcement is located in 100 mm
increments. To be able to transmit torque,
embedded parts were provided at the ends of the
beams.

During the experiment, a beam with 720 mm
long consoles welded to the embedded parts
installed at the ends was installed by the middle
part on a support, and a vertical force was
transmitted to the consoles through the traverse
(Fig. 1). The loading was carried out in stages -
in steps equal to 10% of the cracking load. The
fixation of instrument readings (indicators of
deflection meters) was carried out at each stage
before and after exposure.

In the course of the experiments, the moment of
occurrence of cracks, as well as the moment of
destruction of the samples, were recorded with
the determination of the corresponding forces
(Fig. 2).

According to the results of the experiment, data
on the complex stress-strain state during
bending with torsion in the studied areas of the
beams were obtained and the main parameters
were determined:

- the experimental value of the support reaction
at the time of the formation of spatial cracks
was 12.5 kN, with the destruction of reinforced
concrete structures - 17.5 kN;

- coordinates of the formation of spatial cracks;

- deflections of the consoles and, accordingly,
the angles of rotation;

- change in the length of the projections of
spatial cracks, depending on the increase in the
loading steps;

Based on the analysis results, a fracture pattern
was drawn up. A diagram of cracks with
indication of their numbers and opening width is
shown in Fig. 3.

During the experiments, it was noted that as the
load is applied in the beams made of high-
strength steel-fiber reinforced concrete, mainly
one crack increases, even if several cracks
appear at the first stage.

The formation of a single spatial crack in the
considered samples led to a rapid opening of
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this crack, a significant increase in
deformations, with a corresponding increase in
deflections and angles of rotation.

For comparison with the results of the
experiments carried out, the beam was modeled
in the ANSYS environment and the calculation
was performed.

As a design model, a beam with consoles was
considered, which has a support in the middle.
All dimensions are shown in the figure.

The formation of a geometric model in the
software package was carried out on the basis of
data on the samples used in the experiments.
The geometric model is a concrete model of a
circular beam with a diameter of 200 mm.

Inside the concrete is a reinforcing cage,
consisting of longitudinal reinforcement -
located at a distance of 25 mm from the edge to
the center of the rods, and transverse
reinforcement, located with a step of 100 mm.
Consoles in the form of elements of rectangular
section 50x200 mm and length 720 mm were
rigidly attached to the geometric models of
concrete and reinforcement.

The next stage of computational modeling was
the assignment of element types and the
construction of a finite element mesh.

The concrete of the beam is represented by
solid finite elements of the SOLID65 type, the
beam reinforcement was modeled with bar
finite elements of the BEAMI188 type. The
consoles and the supporting part of the beam
are modeled with solid elements of the
SOLIDI18S5 type.

Volumetric finite elements of the SOLID65 type
are designed to simulate elements that allow
cracking during tension, and they also allow the
possibility of material destruction during
compression. Taking into account the fact that,
according to the results of the experiments,
destruction  occurs  after the  tensile
reinforcement reaches the yield point, for the
purposes of the research, the possibility of
concrete destruction during compression was
not considered (the option of destruction of
compressed concrete was not used).
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Additionally, shear transfer coefficients (0.7)
are introduced, and the ultimate tensile stresses
(9.6 MPa) and ultimate compressive stresses
(132.5 MPa) are limited. The range of shear
transfer ratio is set from 0 to 1, where 0
corresponds to no transfer of shear (smooth
crack), and 1 corresponds to full transfer of
shear.

For concrete modeling in the ANSYS
environment, a combination of the following
materials is adopted: Linear Isotropic,
Multilinear Isotropic and Concrete. Linear
Isotropic is used to set the initial modulus of
elasticity and Poisson's ratio of concrete. The
Multilinear Isotropic material implies the
creation of a curvilinear diagram by
multilinear approximation. Concrete material
provides for the formation of cracks when the
principal stresses exceed the specified tensile
strength, as well as taking into account the
triaxial stress state.

The physical and mechanical characteristics of
concrete were determined from the results of
statistical processing of tests of cubes and
prisms. The results are shown in Table 1.

The modulus of elasticity, ultimate compressive
strength and tensile strength in bending for
concrete in this design study were taken in
accordance with the data obtained on the
samples made from high-strength fiber-
reinforced concrete: Eb = 48.4 GPa, Rb = 132.5
MPa, Rbt = 9.6 MPa.

The diagram of work for reinforcing steel A240
was taken as two-line with hardening in
accordance with the recommendations of SP
63.13330. The ultimate tensile and compressive
strength in the calculations was taken equal to
240 MPa.

The load was applied to the ends of the
cantilevers in accordance with a certain design
scheme, making it possible to obtain a complex
stress-strain state in the beam during torsion
with bending.
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Figure 2. Crack in the beam at the time of

destruction
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Figure 3. Crack diagram

Table 1. Physical and mechanical characteristics of concrete

TpourocTs GeToHa B 28 CyT Elastic modulus, Actual class of concrete at
MITa ’ a coefficient of variation of
No | Concrete type GPa o
10%
R Rb Rbt Rtt Eb Edyn

Ultra high strength concrete

1. | Fiber concrete [152.6| 132.5 | 9.6 | 22.6 48.4 54.6 B134
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Figure 4. Arrangement of cracks in a beam

-4.5032 -1.46637 1.57045 4.60727 7.64409
-2.98479 .05203¢ 3.0888¢ 6.12568 G.1625

Figure 5. Principal stresses in concrete prior to cracking

-21.9346 -12.4024 -2.87012 6.66211 16.1943
-17.1685 -7.63624 1.896 11.4282 20.9605

Figure 6. Reinforcement stresses preceding the moment of cracking in concrete

Figure 7. Arrangement of cracks in a beam
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The loading of the model was carried out
nonlinearly with the definition of an automatic
step at the initial stages of 0.5 kN and a decrease
in the step to 0.05 kN at the stage preceding the
formation of cracks.

The fixing of the support platform of the beam
was carried out by imposing displacement
restrictions in three directions along the lower
surface of the platform.

Based on the calculation results, the stresses in
the beam elements, deformed schemes, crack
locations at various loading stages were
obtained, and the moment of crack initiation
was determined.

The moment of crack initiation was determined
at step 21 and corresponds to loads on the beam
cantilevers of 9.8 kN. The crack locations at this
moment are shown in Fig. 5.

Tensile stresses in concrete, preceding the
moment of cracking, were 9.16 MPa (Fig. 5).
Tensile stresses in reinforcement - 21 MPa (Fig.
6).

The displacement of the ends of the cantilevers
at the moment of cracking was 1.4 mm.

The moment of failure of the beam is
determined at step 149 and corresponds to loads
on the beam cantilevers of 16.2 kN. The crack
locations at this moment are shown in Fig. 7.
Tensile stresses in reinforcement in almost all
longitudinal bars amounted to - 272 MPa.

The displacements of the ends of the consoles at
this moment were 48 mm.

Based on the results of the calculations, the
values of the forces transmitted to the beams'
consoles at the moments of cracking and at the
moment of destruction were determined. At the
same time, the forces obtained at the time of
cracking in the beam during the calculation (9.8
kN) are slightly lower than the values obtained
as a result of the experiment (12.5 kN). Also,
the efforts obtained at the moment of fracture in
the calculation (16.2 kN) slightly differ from the
experimental data (17.5 kN).

The deformed beam pattern is determined by
significant displacements of the cantilevers,
which is due to the rotation of the section with
the formation of a plastic hinge (due to the
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reinforcement reaching the yield point) in the
center of the beam, which corresponds to the
moment of cracking and was 9.8 kN.

The actual destruction of the beam during the
experiment, similar to the calculation, did not
occur quickly, with the formation of plastic
deformations and the absence of brittle fracture.
Also, one of the distinctive features revealed
during the experiments was the growth of one
main crack, however, according to the results of
the calculations, a network of cracks is formed,
which, as the load increases, captures an ever
larger surface of the considered beam.

Such a significant difference requires the
development of subroutines for the possibility
of correcting the computational model and
bringing the results obtained in line with the
experimental data.

CONCLUSIONS

1. During the experiments, it was noted that as
the load is applied in the beams made of high-
strength steel-fiber reinforced concrete, mainly
one crack increases, even if several cracks
appear at the first stage.

2. The formation of a single spatial crack in the
considered samples led to a rapid opening of
this crack, a significant increase in
deformations, with a corresponding increase in
deflections and angles of rotation.

3. The ANSYS software package allows you to
perform volumetric modeling of reinforced
concrete elements, taking into account the
reinforcement and the purpose of nonlinear
diagrams of concrete and reinforcement work.

4. The ANSYS software package can be used to
assess the performance of reinforced concrete
elements, including to the stage of destruction.
5. The moment of cracking and the moment of
fracture (transmitted force), obtained as a result
of the calculation, differ slightly from the values
obtained as a result of the experiments carried
out.

6. In contrast to the experiment with the
formation of one main crack, during the
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calculation in the software package, a network
of cracks is formed, which requires the
development of subroutines.
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