320 ISSN 2410-2547
Onip matepiaiis i Teopis ciopy/Strength of Materials and Theory of Structures. 2024. Ne 113

UDC 624.012.26

BEHAVIOR TO SHEAR FORCE OF A REINFORCED BAR
IN THE CONCRETE

Yu.A. Klimov,

Doctor of Technical Sciences, Professor

D.V. Smorkalov,

Candidate of Technical Sciences, Associate Professor

A.A. Kozak,

Candidate of Technical Sciences, Associate Professor
Kyiv National University of Construction and Architecture, Kyiv

DOI: 10.32347/2410-2547.2024.113.320-328

In the existing design practice, there are quite a lot of cases when it is necessary to take into account the behavior of the
reinforcing bar located in the concrete to the shear force. Such behavior is interpreted as a dowel action in the reinforcement. The
dowel action occurs and requires consideration when calculating the shear force at the intersection of longitudinal reinforcement
with a critical inclined crack, calculations of joints of prefabricated and monolithic structures of columns with beams, joints of
slabs, roadway pavements, structural connections for precast concrete buildings, column anchors and other cases. Numerous
experimental and theoretical studies have been devoted to the study of the dowel action in the reinforcement. However, the
existing methods of calculation, primarily practical, still remain far from perfect. This work presents the results of theoretical
research of the dowel action in longitudinal reinforcement, based on the systematization and analysis of experimental researches
and practical design methods developed on their basis. A reinforcing bar located in the concrete was considered as a beam on an
elastic base, for which the effective bending length, Foundation modulus is determined, then the forces in the bar are determined
and the cases of reaching the ultimate limit state, both in the bar itself and in the surrounding concrete (crushing of concrete
under the bar). At the same time, corresponding design dependencies were obtained and comparison with experimental data was
performed, which revealed a fairly high accuracy of the developed calculation method.

Keywords: reinforcing bar, concrete, dowel action, Winkler spring, concrete crushing, ultimate limit state.

1. Introduction

The dowel action in the reinforcement of reinforced concrete structures occurs at the intersection of
the longitudinal reinforcement with a critical inclined crack in the zone of action of shear forces
(Fig. 1, a), at the joints of precast (Fig. 1, b) and monolithic (Fig. 1, ¢) columns with beams and slabs,
slab joints (Fig. 1, d), joints of precast monolithic constructions (Fig. 1, f), column anchors embedded
in a concrete base. (Fig. 1, e).

The behavior of a reinforcing bar placed in concrete to the action of a shear force is accompanied by
its characteristic bending (Fig. 1) followed by reaching the ultimate limit state in the bar itself or the
surrounding concrete. In this case, in the general case, the reinforcing bar is in a state of longitudinal
bending, and the concrete experiences crushing or, when the bar shear in the direction of a concrete
cover, for example, in the support part of the element behind a critical inclined crack (Fig. 1, a) - splitting.

In the theoretical researches conducted to date, each of the considered cases (Fig.1) and other cases
was considered separately with the construction of a corresponding design model. At the same time, as
the systematization and analysis of the conducted experimental researches of the dowel action in
reinforcement shows, all possible design cases can be constructed on the basis of a single theoretical
approach to the behavior of a reinforcing bar located in a concrete to the action of a shear force. The
present work is devoted to the construction of such theoretical foundations.

2. An overview of literary sources

The study of the resistance of a reinforcing bar located in concrete to the action of a shear force
(dowel action) has been the subject of many years of numerous experimental and theoretical
researches, which indicates the importance and complexity of this problem.

The experimental researches included shear tests of individual bars in concrete, special samples of
various shapes, reinforced concrete beams that failure along a critical inclined crack, and bars in
embedded parts [1-10]. The tests were conducted under both static and cyclic loading [2, 4], simulating
seismic impact. The experimental.researches yielded empirical data on the nature of bar deformation
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along the embedment length, stress
l distribution along its length, the load -
— i displacement relationship (V-4) of the bar end
e during loading, stresses in concrete in the
/ f embedment zone, and the types and nature of
/ / f failure that occurred as a result of stresses in
=< = t ' ! the rod reaching the yield point or crushing or
T ' splitting of concrete.
(a) Based on the obtained experimental data,
— [T design dependencies of mainly empirical
i W J nature were obtained [1, 11-15], which were
! — subsequently reflected in the corresponding
‘ T [ | T l dependence [16] for the ultimate shear force
——] as a function of the bar area, the compressive
strength of concrete and the empirical
coefficient, which in turn also depended on
the strength characteristics of concrete and
(b) © @ reinforcement. Subsequent directions in
i theoretical studies of the dowel effect
\ ok consisted in the development of calculation
] —+= methods in relation to specific practical cases
J _g i [18, 19] and the use of the finite element
L= | method in combination with the description
— - of concrete in the form of Winkler spring to
T describe the behavior of a reinforcing bar in
©) @ concrete [2, 4, 20, 21].
Fig. 1. Dowelactionin in reinforcement of reinforced concrete At the same time, despite the theoretical
structures o .
researches conducted, the existing methods
for calculating the dowel action in reinforcement cannot be considered perfect, are fragmentary in
nature, have limited practical application and, as a result, require further development in these areas.
The purpose of the work — to develop a theoretical basis for the behavior of a reinforcing bar
located in concrete to the action of a shear force and a corresponding calculation model for assessing
the ultimate limit state in the bar and concrete, followed by comparison with the results of
experimental researches.
3. Presentation of the main material
The nature of the deformation and the distribution of forces in the reinforcing bar (curvature and
bending moment at the point of intersection are close to zero, and the shear force reaches a maximum
[3] allow us to consider the bar in the form of a beam clamped in an elastic foundation by Winkler
spring, which is loaded with a shear force V' (Fig. 2).
Vertical movements of the axis of such a beam are described by equation (1)

y= [ZQZ [shor-ché-cos(or— &) —sina-cosé-sh(a—&)], (1)
K — Foundation modulus;

4F 1 /
— 4 sTs . —ch2my—<inZ o _ lan . _X
L ‘/—Kd ; A=sh*a-sin“a; a o £ o

At the sarne time, the principle diagrams of displacements, shear forces and bending moments
along the length of the beam (see Fig. 2) fully correspond to the experimental data on the nature of the
deformation and the distribution of forces along the length of the longitudinal reinforcement [1-10].

From the analysis of fig. 2 it follows that, with a sufficient degree of accuracy, the bending length I,
can be taken as the one at which the vertical movements and shear force in the beam (reinforcement
bar) decrease to almost zero, and the bending moment increases to maximum values.

According to (1), the value of /, is one of the real solutions of equation (2), which, according to the
calculations at the real length of clamping for the longitudinal reinforcement (Z,,(10...20)d) and the
ratio between E; and K, corresponds to the area where the value of cos(a-¢) tends to zero

\
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y =[sha-ché-cos(a—&)—sina-cosé-sh(a—&)], (2) T
Whereas, for the sake of simplification, cos(a— &) =0, lan
taking into account the notations in (1) and fig. 2, we get: JV
j
4E 1
Ry Ty =ss i
L= = ke €) ’\ L

At the same time, as the comparison showed, the

discrepancy between (3) and the "exact" solution (2) does not L .
exceed 3...4%. y '
According to research data [22, 23, 24, 25, 26] the B y

Foundation modulus of the concrete under the reinforcing bar
is a function of the strength and deformation characteristics of
concrete, the diameter of the bar and varies in a wide range of
values K=(0,2...1,2) kH/mm’. The analytical description of the
Foundation modulus is based on the empirical dependences of
the type K=0,113E, [23], K=121f¢ [25], K=500f., K=1.2 E/f.
107 [26], obtained during the processing of experiments,
within which the diameter is not taken into account rod, and Fig. 2. Calcglﬁtion scheme, ‘?ag?amz(’f
the discrepancy between the calculated values of K in some movemeiﬁt: Er;amoggzﬁgdai;eggf;?eg an as
cases reaches more than 200...300%.

The theoretical way of calculating the Foundation modulus of the concrete under the reinforcing
bar is described below, which is more justified, in our opinion.

The case of the effect of a round stamp on a concrete base is considered (Fig. 3). The Foundation
modulus of the base in this case is found as the ratio of the evenly distributed load of intensity ¢
applied to the stamp to the movement (settlement of the concrete base) of the stamp along the vertical
axis:

K =(q/4)L, “)
where
A= edr= | -1dn (5)
0,5d 0,5d €

- modulus of

o, - radial compressive stresses at the base of the vertical axis of the stamp; E,_ .

elasticity of the concrete base, which is generally a function of deformations.
The change in stresses o, along the depth of the base is described by the well-known Boussinesq’s

equation, which for the considered case takes the form:
d
o, =2g-—=. 6
P =29 (6)
Since the analytical description of the dependence o.-¢. in the conditions of a flat deformed state, in
which the base concrete is under the stamp, encounters significant difficulties, the presence of inelastic
deformations of concrete is taken into account by the coefficient v, and in the value of £, = VE, .

To determine the upper limit of integration for (5), the results of experimental research [9] on the
distribution of compression deformations on concrete under a reinforcing bar were considered. At the
same time, it was established that compression deformations practically disappear at a depth of 64, and
the regularity of their change in this zone is satisfactorily described by the accepted theoretical
dependence (6) (see Fig. 3, b).

In light of the above, after substituting (5) and (6) into (4), we get the equation for calculating the
bed coefficient:

q r-E, E,
K= = =0,315—*%. @)
A . 4d - dl d
2q-d l an

| r
O,Sd”'r'EC
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rn-d*. _E
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c

_x [ amd' 445
IX_2464-0,315EC_1’4J&d' (8)

Thus, in further design, a reinforcing bar wedged in concrete, loaded at the end by a shear force V,
is considered as a beam on an elastic base with a Foundation modulus according to (7).

Thus, taking into account (7) and also /, =

v
v 0.5 1.0
i 9 2.0 //‘2 Onmax
5 ol 7
d 6.0 B/
{
8.0
10.0
12.0
14.0
r/d

(b)

Fig. 3. Determination the Foundation modulus of the concrete under the reinforcing bar: (a) — calculation scheme; (b) —
experimental and design dependences of the change relative to the stresses (deformations) of concrete along the depth of the
base; (c) — calculation diagram of the ultimate limit state of concrete under the reinforcing bar

Perception of the shear force by the reinforcing bar and concrete occurs along the length, where the
vertical displacements and shear force in the bar are reduced to almost zero, and the bending moment
increases to the maximum value. The distance we are looking for is found from the solution of
equation (2) and, other things being equal, depends on the nature of exhaustion of the bearing capacity
of the concrete - reinforcing bar system.

Possible forms of exhaustion of the carrying capacity of the system are:

- reaching the ultimate limit state in concrete before reaching the ultimate limit state in the bar -
crushing of concrete under the bar until the stresses in it reach the yield point;

- reaching the ultimate limit state in the bar before reaching the ultimate limit state in concrete -
reaching the yield point of the stresses in the bar before crushing the concrete under it;

- simultaneous achievement of the ultimate limit state in the bar and concrete - achievement of
stresses in the bar of the yield point, which is accompanied by crushing of the concrete under it.

The value of the bending moment was taken as the criteria of the ultimate limit state in the
reinforcing bar:

m, =Lt ©)
and in concrete - the value of the limit linear load ¢, on a round rigid stamp, in conditions of plane
deformation.
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Using the general approach [27], the value of g, in the considered case was determined by (Fig. 3, c)
/2

q,=2 [ 0,-cosB-rdp, (10)
0
where
2 S; fe— 1. fetf
—t_ _ 20 . = ct . G ct
O =on e =T =T
and the value of ¢ is found from equations
tany —2y = —28+ (tan2y, —27,) (11)
with
y = arctan =1y . 7, =L arccos Ty

[+,

2 LG+ (s5/2)

When solving (10) by a numerical method, it was established that the value of the ultimate linear
load for concrete of classes C15 and C55 varies in the range (6,41...6,53)f., which allows us to accept
with a sufficient degree of accuracy:

q,=6,5f.. (12)

Assuming that concrete crushing occurs at a length of /,, which is equal to the length of the bending

of the reinforcement in concrete according to (8), the value of the ultimate shear force, which corresponds

to the exhaustion of the bearing capacity of the concrete before the onset of flow in the reinforcing bar, is
(Fig. 4, a)

Vean = @by =11,6- 1, 4, -Yd. (13)

To exhaust the bearing capacity of the bar before the onset of the ultimate limit state in concrete,

the value of the ultimate shear force is found from the equation of the balance of the moments of

external and internal forces, assuming a triangular plot of linear compressive stresses under the rod
with maximum values ¢ <g,, (Fig. 4, b)

(14)

san_3

l

X

The distance /, to the section where the maximum bending

moment acts in the basis determined by (3) from the general
solution of equation (2)

4E 1,
=—7[- =—7[ 4 =
[, 2 L 2 ’/K g =1,4d Y (15)

and the ultimate shear force (13) —

f
Vyan = 0,541, 4, J— (16) - gvs,an
When the ultimate limit state is simultaneously reached in
the reinforcing bar and concrete, the value of the limit shear Q=Qu
force is according to (Fig. 4, b) lx
Viean=05¢,dl 1+ @)= 581 4,0+, (17 )
where /. - the distance to the section where the maximum f Ve can
bending moment in the bar acts, calculated by (15); @ - the £ @
relative length of the crumple section, which is determined
from the joint solution of the equilibrium equations of shear ®
forces and bending moments: l ot
ean =0,5¢,d1,(1+ o), (18) o

u

M =V l - dl2 |:w 1—-0.5@) +~(1— w2 :| 19 Fig. 4. Design diagram of the ultimate limit
sicantx = qu @ ix ( »50) 3 ( )| (19) state for possible forms of exhaustion of the

where bearing capacity of concrete - reinforcing
bar under the action of transverse force
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w=0,5|:\/0,372-%-%—3—1:| (20)

the value of w=0 corresponds to the minimum value of the shear force that causes the concrete
crumpling:

in _ 4
v =58 f, Ao (1)

The comparison of formulas (13), (16), (17) and (21) allows to change the limits of their
application and the form of exhaustion of the bearing capacity of the concrete - bar system.
Equating the right-hand parts of (16) and (21), we obtain the condition:

£, 1. <10,74a (22)

during which the exhaustion of the bearing capacity occurs upon reaching the ultimate limit state in
concrete, and the limit shear force is calculated (16)

£,)f, 221,59 (23)

during which the exhaustion of the load-bearing capacity occurs upon reaching the ultimate limit state
in concrete, and the limit shear force is calculated according to (13).
If conditions (22) and (23) are not fulfilled, what does the range correspond to:

10,7‘#&s%321,5#& (24)

exhaustion of the load-bearing capacity occurs when the ultimate limit state is simultaneously reached
in the rebar and concrete, and the limit shear force is calculated (17).

When transverse and longitudinal (tensile or compressive) forces act on the bar, its ultimate limit
state is estimated according to the solution of the theory of plasticity for longitudinal-transverse
bending

M/M, +(N/N,) =1 (25)
formula (16) takes the form:
- 1 2
Vo =058, 4,5 1=(N](7, 4))'| 6)
and the coefficient  when determining V, . ,, according to (17) is:
2
LN/ 4))
=0,5 0,372.%._Y.L_3_1 _ 27
@ \/ XA @)
Equations (22), (23) and (24) are thus transformed into:
% <107 ——L (28)
c =[N/, 4)
%221,5#&%, (29)
: 1=(N/(, 4)
10,7%%3%321,5#&%. (30)
=N )] 1=(N/(, 4)

In order to verify the obtained calculation formulas, a mass comparison was made with the results
of experiments [9, 26. 28, 29, 30, 31, 32], in which the following were tested: individual bar located in
concrete, loaded with a shear force; reinforcing bars as part of embedded parts under the action of
shear force and joint action of shear and longitudinal forces. In the processed experiments, all the main
parameters were varied in a wide range - strength characteristics of concrete and reinforcement
(f:=14.4...61.8 MPa, f, =327...467 MPa); bar diameter (8....22 mm); ratio between longitudinal and
shear forces (NV/V=0...0.9). As a result of the comparison, it was established that the obtained formulas
have the necessary accuracy (the average ratio of experimental and calculated loads for a sample of
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vy - 141 samples was 1.08 with a root mean
‘ al °7 GW square deviation of 0.15) and correctly

reflect the influence on the limit load of the

H main factors (Fig. 5).

" @’Pv 4. Conclusions

1. The problem of the behavior of a
reinforcing bar placed in concrete under the
. action of a shear force, despite many years
A of numerous experimental and theoretical
o o R i researches, still remains relevant. Existing

(a) design methods are fragmentary, have

limited practical application and, as a result,

. T require further development.
05 = 2. This paper presents a developed
7 paper p P

/ design model of a bar located in concrete

04 7 under the action of a shear force,

considering the bar in the form of a beam

] . - fo ””g‘o embedded in an elastic foundation by

() Winkler spring.

08 3. Theoretical design were used to obtain

fyhe the calculation dependencies for calculating

- the Foundation modulus (7), the bar bending

04 =g length (8), and the strength of concrete

under the reinforcing bar during failure due
% to concrete crushing (12).

I W T T3 3 5 4. A method has been developed for

(© determining the ultimate shear force based

Fig. 5. Comparison of experimental (V,.,, #=—=) and on pqsmble forms of f?uh_lre as a result of:

calculated (¥, o— —=a ) shear force (a), experimental and design reaChmg the ultimate limit state in the bar,

dependencies of the limit force on concrete strength and N/ including when acting jointly with a

ratio (b, c) longitudinal force; reaching the ultimate
limit state of concrete under the bar as a
result of crushing; simultaneous reaching of the ultimate limit state in the bar and concrete under it.

5. The calculations obtained using the developed method were compared with the experimental
data in a wide range of concrete strength (f. = 14.4... 61.8 MPa), diameters (8....22 mm) and
reinforcement strength (f, = 327..467 MPa) for different samples and the acting external load -
individual bars in concrete under the action of a shear force, reinforcement shears as part of embedded
parts under the action of a shear force and the combined action of shear and longitudinal forces (Fig.
5). It was found that the obtained calculated dependencies have the required accuracy (the average
ratio of the experimental and calculated values of the destructive load for a sample of 141 samples was
1.08 with a standard deviation of 0.15) and correctly reflect the influence of the main factors on the
magnitude of the failure shear loads (Fig. 5, b, c).
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Cmamms naoditiwna 17.08.2024

Knumos FO.A., Cmopkanos /I.B., Kosak A.A.
OIIP MOMEPEYHIA CHUJII APMATYPHOI'O CTEPKHSI B BETOHHOMY MACHBI

V icHytouiil MPOEKTHIN NPaKTUIl JOCUTh LIMPOKO TPAIIIAIOTHCSA BUIA/KU, KOJIK HEOOXiJHO BPaXOBYBATH OIIp apMaTypHOIro
CTEPXKHs, PO3TAallOBaHOr0 B OeTOHI mpu aii 3CyBHOI mnomepedHoi cuiu. Takuit omip cnpuiMAaeThes SK HarelbHUH edexT B
apmarypi. HarenbHuit edext BuHMKae i BUMarae o0JiKy B PO3paxyHKy Ha IIONEPEYHY CHIY B MICLi NMEPETUHY IMO30BKHBOT
apMaTypu KPUTHUYHOIO IMOXHJIOIO TPIIMHOIO, PO3PAXyHKAaX CTHUKIB 30ipHHX 1 MOHOJITHHX KOHCTPYKIiH KOJOH 3 PUTe/IsIMH
(Oankamu), CTUKIB IUIMT, HacaMIepes JOPOXKHIX, CTUKIB 30ipHO-MOHOJIITHUX KOHCTPYKIIiH, aHKEPiB KOJIOH 1 IHIIMX BHIIQJKaxX.
JlocnipKeHHAM HareJbHOro e(eKTy B apMaTypi NPUCBSUCHO YHMCICHHI EKCIIEPUMEHTAJIbHO-TEOPETUYHI JOCHiDKeHHA. Pasom 3
TUM, iICHYI0Yi METO/IM PO3PAXyHKY, HacamIiepes MpakTH4Hi, BCE 1€ 3aJIMIIAI0ThCS JAIICKMMH BiJ| JOCKOHanocCTi. Y w1iit poboti
HaBEJCHO pe3yJbTaTH TEOPETMYHUX JIOCHIIPKEHb HareiabHOro e(ekTy B TIIO3JOBXKHIM apmarypi, mo 0a3yloTbCs Ha
cucTeMaTu3alii Ta aHaji3i MPOBEAECHUX EKCIHEPUMEHTAIBHUX JIOCHIPKEHb Ta PO3POOJICHUX HA X OCHOBI NMPAKTUYHHUX METOMIB
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PO3paxyHKy. ApMaTypHHUIl CTE€P)KEHb, PO3TALLIOBAHUH Y OCTOHHOMY MacHBi, pO3IiIAAaeThes K Oanka Ha MPYXXHIH mifcTasi, 1uis
sikol BU3HA4YA€ThCs €(EKTUBHA OBKMHA 3TUHY, KOe(iLlieHT mocren, Jani BU3HAYAIOTHCS 3yCHIUIS B TAaKOMY CTPHIXKHI Ta
PO3IIIAIAIOTHCS BUNAAKU JOCATHEHHS TPAaHUYHOIO CTaHY B CAMOMY CTEP)KHi Ta HABKOJIMIIHBOMY OETOHHOMY MacuBi (3MUHAHHS
OeroHy mix crepkHeMm). IIpu 1bOMY OTPUMAaHO BiNIOBiIHI PO3PaXyHKOBI 3aJIGKHOCTI Ta BHUKOHAHO CIIIBCTaBJIGHHS 3
eKCIePUMEHTAJIbHHMH JJaHUMH, 1110 BUSBHIIO JOCUTh BUCOKY TOYHICTh PO3POOJIEHOr0 PO3paxyHKOBOIO arapary.

KuarouoBi cioBa: apMaTypHuii cTep)XeHb, OCTOHHMH MacuB, HarelbHUH edekT, Koe(ilieHT rmocreli, 3MUHaHHS OETOHY,
TPaHUYHUH CTaH.

Klimov Yu.A., Smorkalov D.V., Kozak A.A.
BEHAVIOR TO SHEAR FORCE OF A REINFORCED BAR IN THE CONCRETE

In the existing design practice, there are quite a lot of cases when it is necessary to take into account the behavior of the
reinforcing bar located in the concrete to the shear force. Such behavior is interpreted as a dowel action in the reinforcement. The
dowel action occurs and requires consideration when calculating the shear force at the intersection of longitudinal reinforcement
with a critical inclined crack, calculations of joints of prefabricated and monolithic structures of columns with beams, joints of
slabs, roadway pavements, structural connections for precast concrete buildings, column anchors and other cases. Numerous
experimental and theoretical studies have been devoted to the study of the dowel action in the reinforcement. However, the
existing methods of calculation, primarily practical, still remain far from perfect. This work presents the results of theoretical
research of the dowel action in longitudinal reinforcement, based on the systematization and analysis of experimental researches
and practical design methods developed on their basis. A reinforcing bar located in the concrete was considered as a beam on an
elastic base, for which the effective bending length, Foundation modulus is determined, then the forces in the bar are determined
and the cases of reaching the ultimate limit state, both in the bar itself and in the surrounding concrete (crushing of concrete
under the bar). At the same time, corresponding design dependencies were obtained and comparison with experimental data was
performed, which revealed a fairly high accuracy of the developed calculation method.

Keywords: reinforcing bar, concrete, dowel action, Winkler spring, concrete crushing, ultimate limit state.
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Pospo6neno pospaxynkosy mooeib apmMamypHozo cmepaicHs, pO3mMauosano2o 6 6emoni, npu Oii nonepeynoi cuil, wo po3enioae
cmepatcers Y 6u2nA0l OAKU, 3aUeMIeHOI0 8 NPYHCHY OCHOBY. TeopemudHuM WAsAXOM 00epPHCAHO POPAXYHKOBI 3NeHC HOCMI OJls
o6uuCnenHs KoepiyieHma nocmeni OCHOBU, O0BXHCUHU 32UHY CIPUNCHSA MA MIYHOCII GEMOHY Ni0 ApMAMyPHUM CIMPUICHEM NPU
PYUHYy6anHi 8 pesyiomami sMuHauHA. Po3pobieno MemoouKy 6usHaveHHs: epaHuiHoi nonepeuHol Cuill 6UX00AUU 3 MONCIUSUX
Gopm pyinysanna. Bukonano sicmaenenns po3paxyHkie 3a pospooieHoio MemoouKorn 3 eKcnepumMeHmatbHUMU OaHUMU.

Inn. 5. Bi6aiorp. 32 Ha3s.
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Klimov Yu.A., Smorkalov D.V., Kozak A.A. Behavior to shear force of a reinforced bar in the concrete // Strength of Materials
and Theory of Structures: Scientific-and-technical collected articles. — K.: KNUBA. 2024. — Issue 113. —P. 320-328.

This paper presents a developed design model of a bar located in concrete under the action of a shear force, considering the bar
in the form of a beam embedded in an elastic foundation by Winkler spring. Calculation dependencies were obtained
theoretically for calculating the Foundation modulus, the bar bending length, and the strength of concrete under the reinforcing
bar during failure due to concrete crushing. A method has been developed for determining the ultimate shear force based on
possible forms of failure. The calculations obtained using the developed method were compared with the experimental data.
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