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Abstract

The analysis of methods for calculating the load-bearing capacity of reinforced concrete elements for tearing, given in the domestic technical literature,
as well as in the literature countries of near and far abroad, has been conducted. A numerical study of the stress-strain state of the tearing zone under

the local action of tensile forces was carried out.
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AHANKU3 METOL,0B PACHETA U YACNEHHOE MOAEJIMPOBAHWUE HAMPAXEHHO-AE®OPMUPOBAHHOIO COCTOAHNA
XENE30BETOHHbIX 3NIEMEHTOB MPU MECTHOM IEUCTBUM PACTAMUBAIOLLIUX YCUINTUK

H. H. Wano6wiTa, E. C. MaTBeeHko, H. B. MarBeeHko, B. U. Paxy6a

Pechepar

I'Ipoae):LeH aHanM3 MeTodoB pacyeTta HeCVLLleVI CNocoBHOCTU Xene306eTOHHbIX ANIEMEHTOB Ha OTPbIB, NPUBEAEHHbIX B 0TEYECTBEHHOMN TEXHUYECKOM
nutepartype, a Takxke B nutepatype CTpaH OnvKHEro u gansHero 3apy6e>Kb;|. BbINOMHEHO YnCnEHHOe 1ccrenoBaHne Hal'lpﬂ)KeHHo-ﬂe(bole/IpOBaHHOFO

COCTOAHMA 30HbI OTPbIBA NPU MECTHOM JencTBum pacTarvearoLnX YCVIJ'IVIVI.

KntoueBble cno.a: nogaepxusaroLias Oarka, nogaepxunsaemasn Garka, OTpbIB, KOHEYHO-3NEMEHTHBIN aHanm3, 30Ha OTpbiBa.

Introduction

Over the last 20 years, both in the Republic of Belarus and in other
countries of the post-Soviet era and the Eurasian Union, design standards,
including reinforced concrete structures, have been introduced and im-
proved. Taking into account new theoretical and experimental data, as well
as developed reliability criteria, changes and addenda were made to a
number of standard provisions. However, the analysis of regulatory docu-
ments on the calculation and design of reinforced concrete structures, as
well as other available sources, showed that the calculation provisions in
case of the local action of tensile forces have not changed for more than
70 years.

In the existing technical literature for calculating elements for local ac-
tion of tensile forces (tear-off), including those in force in the national tech-
nical normative legal acts [1] and Eurocodes [2], ensuring the requirements
of bearing capacity and serviceability is carried out mainly by direct calcu-
lation of transverse reinforcement or by additional constructive measures
(installation of structural transverse reinforcement and reduction of the
pitch of the main transverse reinforcement). However, the practice of op-
erating reinforced concrete structures shows that this does not meet the
requirement for the operational reliability of structures, which manifests it-
self in the form of their serious damage, especially in load-bearing rein-
forced concrete structures of buildings and structures — destruction by de-
tachment of reinforced concrete trusses, ridges of gable beams, etc. In this
regard, the study and development of a methodology for calculating rein-
forced concrete structures for tear-off, taking into account the criteria for
the reliability of structures, is an urgent task and requires both theoretical
and experimental confirmation.

The mechanism of destruction under local tensile forces (tearing) is
very similar to the mechanism under local shearing (punching). At the same
time, if for the latter continuous experimental and theoretical research is
being conducted both in the Republic of Belarus and abroad and changes
are constantly being introduced into calculation methods and regulatory

documents, then research under the local action of tensile forces in recent
decades has been reduced to studies of various anchor elements which
work in the condition of the tear-out from the body of concrete or reinforced
concrete elements, the mechanics of which differ from that of tearing-off.

Analysis of methods for calculating the load-bearing capacity of
reinforced concrete elements for tearing

According to construction rules SP 5.03.01-2020 [1], checking the re-
sistance of reinforced concrete elements according to maximum states of
bearing capacity under local tension (tear-off) for the case of applying a
load to the bottom edge or within the height of the element section (Fig-
ure 1) according to clause 8.4.2 is carried out from the condition:

F, - 1—% <D (fua-As)s O

where FEd — the calculated value of the tear-off force;

d s the distance from the level of transmission of the tear-off force

applied to the element to the center of gravity of the longitudinal reinforce-
ment section;

Z(fywd . Asw) — the sum of transverse forces perceived by

clamps installed additionally along the length of the tear-off zone a, deter-
mined by the formula:

a=2'ds+b, (2)

where b - the width of the area for transmitting the tear-off force.
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Figure 1 - Diagram of determining the length of the tear-off zone, when abutted: a) — beams; b) — consoles [3]

The values of the parameters ds and a are established for each spe-
cific case and depend on the nature and conditions of application of the
tear-off force on a reinforced concrete structure element (through consoles,
adjacent elements, etc.). Based on the given calculation, in accordance
with the load-bearing capacity requirements, the required amount of trans-
verse reinforcement is established in shear zone.

In technical code for established practices TKP EN 1992-1-1-2009 [2],
in accordance with clause 9.2.5, in the case of one beam resting on another

<h,/3
<h,/2

beam in the area of the element intersection, installing additional reinforce-
ment is required, which is designed to absorb the mutual reaction, while
the supporting reinforcement is clamps, which embrace the longitudinal re-
inforcement of the support element, some of which may be located outside
the volume of concrete which is common to the two beams (zone B, Fig-
ure 2). At the same time, the requirements for the diameter and spacing of
clamps are not regulated in this normative document.
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[ — support beam with height h;;
B — supported beam with height bz (h; > ho)

Figure 2 - Placement of the support reinforcement in the area of the two beam intersection (plan view) [2]
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Similar recommendations for the design of the junction of the main and
secondary beams are contained in construction rules SP 63.13330.2018
which are current in the Russian Federation [clause 10.4.12, 4], which pro-
pose to install additional transverse reinforcement in the form of clamps
which cover the longitudinal reinforcement to absorb the reaction from the
secondary beam (Figure 3). In this case, in the main beam this reinforce-

ment should be installed on a section b+2h in length, in the secondary

beam — on a section h/3 in length, where b and h are the width and height
of the secondary beam.

1-1

additional clamps

<

1 _L e
o

',

)
/

I

=
=

<

4 A
1!

e
—

<

e
=
h/3

b+2h

\
b \ supported beam
support beam

Figure 3 — Placement of support reinforcement in the area of the two
beam intersection [4]

American standards ACI 318R-19 [5] envisage the reinforcement with
clamps of only the support (main) beam to absorb the reaction from the
supported (secondary) beam in the place of their junction as shown in Fig-
ure 4. Additional reinforcement in the beam junction zone may be absent if
the following condition is fulfilled:

V <3b,dyf., (3)
where fC — the specified compressive concrete strength;

bW — width of the supported beam;

d - the effective height of the supported beam.
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Figure 4 - Diagram of the support beam reinforcement in the junction
zone with the supported beam [5]

Canadian Standard CSA A23.3-04 [6] contains more detailed recom-
mendations for additional transverse reinforcement of a support beam to
accommodate the force transmitted from the supported beam, provided
that the bottom edge of the given beam is not lower than the bottom edge
of the support beam. In this case, the tensile force absorbed by the addi-
tional reinforcement is:

F=V. 1_h_b , ()
hl

where V - the transverse force on the prop of the support (main) beam
(Figure 5);

hb - distance from the bottom edge of the supporting (main) beam to
the bottom edge of the secondary beam;

h1 - the supporting beam height.

Additional transverse reinforcement must be installed along the entire
height of the support beam in such a way so as to cover the tear-off area
formed by slanting cracks developing at an angle of 45° from the shear

boundary located at a height (1)'h2 from the bottom edge of the sup-
4

ported beam, to the bottom edge of the support beam.
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h1 - support beam height; hz - supported beam height; hb - distance from the bottom edge of the support beam to the bottom
edge of the supported beam; b- supported beam width

Figure 5 - Diagram of the location of additional transverse reinforcement under local action of tensile strength [6]

37

Civil and Environmental Engineering
https://doi.org/10.36773/1818-1112-2023-132-3-35-40



Vestnik of Brest State Technical University. 2023. No. 3(132)

According to Canadian standards, additional reinforcement of the sup-
port beam in the junction area with the supported beam is not required in
cases where:

1. the shear boundary passes above the upper edge support beam;

2. the average tangential stresses at the shear boundary exceed

1<0,230¢,/f. . g

where A —a coefficient that takes into account the performance char-
acteristics of concrete, the density of which does not exceed 1850 kg/m3;

(P, - coefficient of concrete working conditions.

&

For the purpose of analyzing the factors influencing the actual size of
the area where additional transverse reinforcement is installed, which are
taken into account in various standards, we will consider three options for
pairing the support and supported beams:

— option | —the heights of the main and secondary beams are equal
(Figure 6, a);

— option I - the height of the main beam is greater than the height
of the secondary beam and their upper edges coincide or the secondary
beam is located within the height of the section of the main beam (Fig-
ure 6, b);

— option Ill - the height of the main beam is greater than the height
of the secondary beam and their lower edges coincide (Figure 6, c).

9 4 g
2 P il .2

Figure 6 — Options for the location of the main and secondary beams relative to each other [7]

For each of the above options for the relative arrangement of beams
in accordance with the requirements of various standards, Table 1 shows
the values of the zone size for installing additional reinforcement.

Table 1 - Size of the area for installing additional transverse reinforcement

Size of additional transverse
No.|  Name of the regulatory reinforcement area
document ) . .
Option | | Option 11| Option Il
b+2ds, roe
1| SP 5.03.01-2020 [1-1] b+2ds de<hy
2 | TKP EN 1992-1-1-2009 [1-2] h1/2
3 | SP63.13330.2018 [1-3] b+2h;
4 | ACI 318R-19[1-4] >b
5 | CSAA23.3-04 [1-5] b+ha/2 |b+2(ho/4+hp)| btha/2
1
= .

From the analysis of the data in Table 1, it was established that the
size of the tear-off zone according to [2], [4] and [5] is not influenced by the
relative position of the beams in height relative to each other, while the
norms [1] and [6] take this feature into account. However, it is obvious that
when calculating the tear-off load-bearing capacity, the location of the point
of application of the tear-off force and the angle of inclination of the diago-
nal crack will be of no small importance.

It is also important to note that none of the considered regulatory doc-
uments takes into account the contribution of the concrete work to the tear-
off resistance (tensile concrete work [8]), the influence of transverse rein-
forcement established on the basis of the general calculation of strength
along slanting sections, pre-stressing forces, etc.

Numerical study of the stress-strain state of the tear-off zone un-
der local action of tensile forces

To obtain data on the characteristics of the formation and development
of cracks in the tear-off zone of reinforced concrete elements to which a
local tensile force is applied, to reveal the dependence of the angle of in-
clination of the tear-off cracks and the size of the tear-off zone on the po-
sition of the point of application of the tear-off force, a numerical experiment
was carried out using the "Abaqus/CAE” software complex, which imple-
ments finite element method [9].

Finite element analysis was carried out for a sample prepared for ex-
perimental research, the testing diagram and reinforcement of which are
presented in the Figure 9.
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1 - support beam; 2 — supported beam; N1 — height of the support beam; h2 - distance from the center of application of the tear-off force to the bottom
edge of the support element

Figure 9 — Test diagram
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Figure 10 — General view of the tested junction

The support beam is designed to provide bending resistance for the

calculated value of the impact effects Fu in accordance with [1].

In order to analyze the size of the tear-off zone in the case where the
lifting load is perceived only by concrete, additional transverse reinforce-
ment in the beam at the point where the tear-off force is transmitted, was
not provided.

For numerical analysis, three diagrams of the junction of the supported
and support beams (secondary and main) were simulated:

a)

— | —the upper edges of the beams coincide (hr/ ho = 0,7);

— I - the supported beam is located within the height of the support
beam section (hr/hs=0,5);

— Il - the lower edges of the beams coincide (hr/ ho = 0,36).

Based on the results of numerical experiments, a picture of the stress-
strain state in the separation zone and the distribution of tear-off cracks
along the height of the section of the supporting element (main beam) were
obtained for each of the coupling schemes (Figure 11).
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Figure 11 - Distribution of cracks in the tear-off zone of the simulated beams

As aresult of a numerical analysis, it was established that for schemes
I'and Il of the pairing of beams, the first normal cracks in the support beams
appeared in the zone of action of the maximum bending moment on the
outermost tensile fibers at a load of 0,8FEd,a1 and 0,8F £d,a2 (FEd,a1 and
FEed,a2 is the limiting value of the tear-off force for the first and second

beam pairing diagrams, respectively), which is about 0,4Fu. Further de-
velopment of normal vertical cracks did not occur due to the perception of
acting tensile forces by the longitudinal reinforcement of the tensile zone

of the supporting beam. With an increase in load to 0,9FEd.a1 and

0,9FEd,az, clearly defined diagonal cracks started in the tensile zone of
concrete, oriented toward the center of application of the acting tear-off
force. According to the results of the numerical experiment, the angle of
inclination of the separation cracks for option | of the beam connection
was 36° to the vertical (Figure 11, a), for option Il — 31° (Figure 11, b), the

dimensions of the tear-off zone are: 400 mm height and 660 mm length of
the base of the separation pyramid for option | pairing of beams, and
350 mm and 550 mm - for option II.

Unlike the first two beam pairing diagrams, the third scheme has a
different nature of destruction. A local crack in the tensile zone with in-
creasing load has a clearly expressed appearance of a crack normal to the
longitudinal axis of the element to the level of the top of the adjacent beam
(Figure 11, c). Above the level of the adjacent beam, the crack deviates at
an angle of 56° in the direction of the axis of application of the local calcu-

lated strength. The destruction occurred at a load of 0,85F Ed,a3 also as a
result of the tear-off of a section of concrete in the form of a pyramid of 400
mm in height and a foundation of 370 mm in length.

The data obtained from the simulation results were compared with the
sizes of the tear-off zones obtained by using the calculation methods given
in the above-mentioned regulatory documents for each of the beam pairing
options (Table 2).
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Table 2 - Calculation of the area for installing additional transverse rein-
forcement for numerical modeling samples

Name of the regulatory Size of the additional transverse re-
No. document inforcement area, mm
Option| | Option Il | Option Il
1 | SP 5.03.01-2020 [1-1] 750° 550 350°
2 [T1K,§] ENA992-14-2009 | 2600 | <500 | <500
3 | SP63.13330.2018 [1-3] 720 720 720
4 | ACI 318R-19[1-4] 2120 2120 2120
5 | CSAA23.3-04 [1-5] 670 370 270
6 | Numerical model 660 550 370
Note. The center of gravity of the section of the supported beam is
taken as the point of application of the tear-off force.

As noted earlier, the calculation methods given in foreign regulatory
documents [2], [4] and [5] regulate the size of the tear-off zone (installation
of additional reinforcement) without reference to the relative position of the
beams. While the standards [1] and [6] take into account the influence of
the position of the point of application of the tear-off force: when the point
of application of the tear-off force moves to the lower edge of the support
beam, a gradual decrease in the size of the tear-off zone occurs, and the
destruction has a clearly marked character of destruction along the normal
section.

Taking into account the fact that the additional transverse reinforce-

ment of the tear zone, provided that s > 0, accounts for only part of the

tear-off force, equal to FEq-(1-ds/d) [1], therefore F£4*ds/d should be
absorbed by the element without additional structural measures. In the pro-
cess of numerical modeling of the operation of prototypes under the action
of a tensile force applied locally, the inclusion of longitudinal reinforcement
in the perception of tear-off force was established. From which it follows
that when operating elements of reinforced concrete structures under the
local action of tensile forces, it is necessary to take into account not only
the contribution of the tensile concrete work and the influence of transverse
reinforcement established on the basis of the general calculation of
strength along slanting sections, but also the work of the longitudinal rein-
forcement of the element.

Conclusions

1. Methods for calculating elements of reinforced concrete structures
for tear-off, given in domestic and foreign regulatory documents of the near
and far abroad, for the most part, contain general requirements for in-
stalling additional structural transverse reinforcement of the main beam,
and, as a rule, do not take into account the value of the current tear-off
force, and also the tear-off work of concrete (tension) and the influence of
transverse reinforcement established on the basis of the general calcula-
tion of strength along slanting sections.

2. Analysis of the numerical research data showed that the value of
the tear-off force depends on the point of application of the tear-off force
relative to the height of the section of the support beam. The results ob-
tained are consistent with condition (1) given in [1], according to which the
force perceived by additional transverse reinforcement in the tear-off zone
increases when the point of application of the tear-off force is shifted to the
lower edge of the element.
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