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THE PROBLEM OF CRACK OPENING WIDTH AND STIFFNESS
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Abstract. The article defines the main results for the development of reinforced concrete mechanics. In the
isotropic medium between the cracks is used "first object - flows-blocks", "second object - main cracks" and the
effect of reinforced concrete, the physical essence of which is the non-uniformity of concrete and continuous
reinforcement. Reactions arise in the concrete for deformation of the reinforcement from the bonding of the
compressed concrete in the tensile region. The average resistance of the tensile concrete and the "average total
force of the working reinforcement," the third object, are transmitted through the effect of reinforced concrete
and the "dowel" effect. The crack opening widths are the relative mutual displacements of reinforcement and
concrete, determined from the boundary conditions and the Thomas-Author hypothesis. A new classification of
cracks has been developed: regular cracks (anisotropic medium of reinforced concrete) and main cracks based on
the effect of reinforced concrete (origins - concentrations) and maximum opening in the closed equations of
mechanics of reinforced concrete from the Lagrange function. The author has proposed hypotheses, theorems of
linear and angular deformations, functionals for deplanation of cross section of reinforced concrete element from
elastic-plastic stage, jumps - cracks and stiffness matrix in a single compound strip which allow to reduce the
order of differential equations. The resistance design model method for reinforced concrete mechanics is used
for the rod, wall, and slab of the "envelope" of cracks. Hybrid from Lira (finite element method of reinforced
concrete from anisotropy) developed in the form of two finite element effect of reinforced concrete of "flat and
spatial cantilever" for external and internal displacements. The general principle from Loleith to the "opening -
closing" of cracks, the stiffness of the mechanics of reinforced concrete is obtained in the form of the method of
the computational model of resistance.

Keywords: reinforced concrete effect, crack classification, source-concentrations, single stripes,
resistance models, crack opening-closing

IHHPOBJIEMA HIMPUHBI PACKPBITHUSA TPEIIIUH U
KECTKOCTH ’KEJIE3OBETOHHBIX KOUHCTPYKI_[I/Iﬁ,
3JAHUU U COOPY XEHUU

Ba.U. Koauynos
Hay4Ho-uccrenoBaresibCkii MHCTHTYT cTpouTenbHoil pusukn PAACH, r. Mocksa, POCCHU S
IOro-3anannelii rocyaapcTBeHHbINH yHUBepeuTeT, . Kypck, POCCUA

AnHoTanmusi. B crathe ompeleiieHbl OCHOBHBIC PE3YJIbTAaThl JUIS PA3BUTHS MEXaHHKH Jkeie300eToHa. B
U30TPOITHOW CpENie MEXIY TPEHIMHAME HCIIOJNB3YETCSI «IIEPBBI 00BEKT — MOTOKU-OJIOKI», «BTOPOH OOBEKT -
MarucTpaibHbIC TpemMHBY © 3hdekr xkeme3o0eToHa, (GU3NYECKAs CYTh KOTOPOTO 3aKIOYaeTCs B
HECIUTIONIHOCTH OETOHA U CIUIONIHON apMmarype. B GeToHe BO3HUKAIOT peakiuu Ui AeopMaIiid apMaTypbl OT
CIICTIICHHS C)KAaTOro OeTOHa B pacTsaHyTor obmactu. CpeaHee CONMPOTHBICHHS PACTIHYTOro OSTOHA U «CpEIHE
CyMMapHOe ycuine pabodeil apMaTypbl», - TPETHH OOBEKT, - mepefarTcs uepe3 dPdekT xene300eToHa U
«HarenbHbI» 3PQeKT (rIaBHbll BEKTOp B Tpelune). [Ipu 3TOM MmupruHa pacKpPBITHS TPEUIMH - OTHOCHTEIIbHbIE
B3aWMHBIC CMEILCHUSI apMaTypbl M OETOHA, ONpe/essieMble W3 TPAaHUYHBIX YCIOBHHM M rumore3sl Tomaca —
aBTopa. Paspaborana HoOBas KiaacCU(UKAIMS TPCIIUH: PETryJISAPHBIC TPCUIMHBI (aHU30TPOIMHAS Cpeja
JKesle300eTOHA) ¥ MarucTpaibHbIC TPEIIUHBI HAa OCHOBE 3(dekra xene300eToHa (MCTOKHM - KOHICHTPALUU) H
MaKCHMAJIbHOM pPACKPBITUSI B 3aMKHYTBHIX YPaBHEHHSX MEXaHUKH jkeliezo0eroHa u3 ¢yHkuuu Jlarpamka.
ABTOPOM TIPEJIOKEHBI THUIOTE3bI, TCOPEMBI JIMHCHHBIX W YIJIOBBIX jaedopMaliuif, (YHKIHOHAIBI IS
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JIeTIaHalu| TIOTIEPEYHOr0 CEYEHMs KEJIe300€TOHHOTO 3JIEMEHTa M3 YHPYTOIUIACTUYECKOM CTaaNH, CKAYKH -
TPEIIMHBI W MaTphla MXECTKOCTH B EIUHUYHOW COCTABHOM ITOJIOCKE, MO3BOJISIONINE COKPATHTH IOPSIOK
muddepeHIManbHBIX YpaBHEHU. MeTOx pacyeTHONH MOJENN CONPOTHBIICHHS JUIS MEXAaHUKH JKene300eToHa

HCTIOJB3YETCA IJIA CTEPKHA, CTEHBI, IUIUTBI U3

«KOHBEPTa»

3 crupaneoOpasHoi, HKCOOOpa3sHOH U

rapMorIkoodpa3Hoi TpeuuHbl. ['uopun u3 JIupa (METo KOHEUYHBIX HIIEMEHTOB JKeJIe300eTOHa U3 aHU30TPOIINH )
pa3paboran B Qopme sddexTa xKemez00eToHA €3 BYX KOHEYHBIX OJIIEMEHTOB B BHAE «IUIOCKas M
MPOCTPAHCTBEHHAS! KOHCOJIb» JUIsl BHEIIHMX W BHYTpPEeHHHX nepemerieHuid. OOmmii npunuun ot Jlonelta 1o
«PaCKpBITHS — 3aKPBITUS» TPEILUH, KECTKOCTH MEXaHHKH JKeJIe300eTOHa ITOJIy4eH B BHJE METOAA PacuyeTHOM

MOJICJIU COIPOTUBJICHUA.

KaioueBsie cioBa: o et xene3o0eToHa, Kiaccu(puKanus TPEeLH, NCTOKA-KOHIIGHTPALUH,
eIMHUYHBIC TIOJIOCKH, MOJICTIH COMMPOTUBIICHUSI, PACKPBITHE-3aKPhITHE

The mechanics of reinforced concrete is the
basis for the safety of the system of buildings
and structures under new challenges of man-
made natural and terrorist nature. The solutions
to these problems are obtained at a new
scientific level due to modern technologies of
experimental research of structures and
convergence of physical phenomena in
reinforced concrete on the basis of fracture
mechanics.

THE MAIN RESULTS FOR THE
ACADEMY'S BUILDING SCIENCES ARE
FORM:

1. Development of the mechanics of reinforced
concrete, - result I.

1) Let's look at the main premises

e The reinforced concrete environment includes
force flows from concrete blocks for isotropic
environment between cracks "first object - flows
(blocks)" in the local region near the fracture bank
in fracture mechanics of reinforced concrete.

e The second object is the main cracks from the
fracture mechanics of reinforced concrete and
the effect of discontinuity of concrete developed
by the author. Its essence is the discontinuity of
concrete and solid reinforcement, where there
are shear reactions AT (deformations between
reinforcement and concrete), taking into account
the compression force for tensile concrete oy .,

the relative deformations of reinforcement
&g = &g, j — &, and other parameters to solve the

problem of resistance near the reinforcement

zone of a reinforced concrete element.
Experimental strain diagrams were obtained in
experiments of J.M. Nemirovsky, B.Sh.
Shamuradov, works of the author [1-4] and
others.

e In a reinforced concrete structure, the
resistance of the tensile concrete is obtained for
a transversal-isotropic material. The force for
the tensile concrete in the working
reinforcement can be transferred through the

general parameter g (or Y ) by Prof. V.L
Murashev [5]. For the average longitudinal
force N Nym=¢65¥s Eg-4) and

sm (

transverse force Qs ,, (O =5s~1//Q’s~ES-AS)

we can talk about the connection of a

special third object - the "total average
force N, sum of the working reinforcement"

using the

2 2
(Ns,m,sum =4 Ns,m +Qs,m )

reinforced concrete effect and the dowel forses
(Fig. 1). The author has developed a second
level building mechanics model for a rebar,
crack opening, bank shear and buckling.

e The following results were obtained on the
basis of fracture mechanics. The author
developed a special dual-console element
(DCE) and discovered the effect of its physical
essence, which consists in the reaction between
the discontinuity of concrete and the continuity
of the working reinforcement (Fig. 1).

e Using the pliability of structural mechanics, a
canonical system of equations is derived from
classical methods (method of forces, method of
displacements, mixed method, finite element
method) (Fig. 1):
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. oW —oV Here oV is the decrease of the body's potential
Ceu = 5520 (Tj - energy when the crack advances by a small
OAT oP increment Jda; oW is the additional work
C;-AT -CyPb- L _ performed on the body when the crack advances
Ohere Ohere by a small increment da.
oP 2 oM con .
CurP P hcrc COM con " 5 hcrc ;0 (D

X011+ X 2012+ X303+ A1, — (A3 +A5) +Ap + Dy - (97 + AP) = 0;

X102+ X025+ X3023 +A5,—(Ag +A0) + Ay + (heye — 1) - (¢ + Ad) = 0;
(2)
X 1031+ X303, + X3033 +A3,+(d —AP) + (4 + AP) =0;

X4544 :]'(_AFI)_]'A2 +(xcrc _hb,l)'A¢-

a) d)
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Figure 1. Effect of reinforced concrete: the shape of the crack from triangle to ellipsoid (a), the

response from the continuous concrete and continuous reinforcement (b); the mechanical model
(c); the relative deformations of the reinforcement and the stretched concrete (d)

=

Prof. V.I. Murashev has developed formulas for discontinuity in concrete (Fig. 1 and Fig. 2a).
transverse cracks and stiffness, distance The crack opening width is determined using
between cracks /..., resistance coefficient of the Thomas-author hypothesis, and the relative

mutual displacements of the reinforcement and

tensile concrete y and crack opening width .
concrete are determined from the dependence:

a.... This was later developed to the effect of
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3)

£ (X) = £,(x) — £, ().

&¢(x) - relative deformations of reinforcement;

&ps(x)- relative deformations of concrete in

section X.
The definition problem is reduced to finding the
relative  deformations of concrete from

dependence (3) and the equilibrium of the
reinforcing bar.

de g (x)

+Bey(x)=0. (4)

The solution of the homogeneous first-order
differential equation has the form:

Vladimir I. Kolchunov

The integration constant C is found from the
boundary condition, according to which at

x=0, & c(X)==0p; o/ (VpEp):
J )

The distance between cracks is determined from
the ratio:

_ By, 1
B B(I-K)

Opt,c

vpEp

2(In B, — Bix)

leye = T (7

The coefficient that takes into account the
uneven distribution of the relative strains of the
tensile reinforcement between the cracks:

gg(x)=Cre P (5)
2-K-B _B- _
'//S:—3-[]—e BA0-5lere t*)}+ (85+ AT —K-B3]‘(0,5lcrc—t*)+
&g 'lcrc B &g 'lcrc ESAS
. 2-6g-E¢-A¢+AT
90K (51, ) 2 Es A AL ®)
‘C"S'lcrc'B't”< ‘9S'lcrc'ES'AS
and the crack opening width has the form:
Qpre __2AT 2 MJFBCZ ; (]_eln34 )_Zﬁlnlﬁ _
G B\ 4,E, B
__ AT 2Bay 2By [y, Baz dAwben | )
G B qst + Ba,lAswEsw
. o,
Here in equations (7)-(9): B :i; B,i= AT Obte PR I 1+ Ay =
A Eg, K Egwdgy  VpEp K Wpy (%) Ap; (X)Ep - vp (x)
nlhy+x-(y—1 o o
Ces Hy (0 (7 )) : 2—Q§B3:5s+ AT bt’S—BZ;B4:1+ bi,c
032h0(}/—§)(}/+003§) tB ESAS VbEb (K—])Bj’*VbEb
£
+ bt,u '
B; . (K-1)

The new level of fracturing corresponds to the Love i S Lope i (10)

fulfillment of the following inequality:
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Cracking continues up to the moment of maximum amplitude of 0.5A;, from the

fracture. There are several levels of cracking:

leye > lope,1 —O cracks;

> 1., »—first level;

lcrc,] > lcrc =tere,2
lere,2 2 lepe 2 lope 3 —second level; ¢ .(11)
Icrc > 61+

e The dowel effect of the author of the second
level model [9,10] is developed for a beam with
two pinched ends at turns of the pinched ends as
well as crack opening A shifting of the

crack-track banks A_,.

The longitudinal axis of the reinforcing bar has
a sinusoidal shape when displaced with a

cre,s

and concrete buckling.

-center
U}Z: 57

longitudinal force N (x) and eccentricities in

the vertical and horizontal directions (Fig. 2).
The unknowns X,, X3, X3, X,, X5 are

found from the calculation of statically
indeterminate systems by the method of forces
from coupled systems of equations (systems
(12) and (13)):

X017+ X3:01:+A7 p=0
1911 3013 LP } (12)

X153] +X3§33 +A3’p =0

X310430 + X404 +0y p=0 13)
X3,053 +X5055 +A5 p=0

E ( 0F Nw/N)

1 2 3 4 5 6 7 8 9

a)

Rl B
™
o/
X4 g §
’ N
X" X'%,lef
AT 2
Xs
b)

Figure 2 - The nature of the coefficient change under various influences (a), the calculation
scheme of the dowel effect (b)

After solving the coupled system, the values are
obtained:

X =x; ERL g osn -
G(D) 1y, ’
A
—(0.25-d~P]J+0.16~73-(NS’I+NS,2)

(14)
(15)

A @
—0.44-d—§-E(/1)12 +0.59-d—§.E(,1)12);

X5 =X3'77'NS,]'6—0.]7‘(11'E)]’1.
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Here X3, are the torsional forces F;; in Fig. 1
and Fig. 2 b, ¢).

The main vector u of forces in the reinforcement
is characterized by two values uy;, Ug;and is
related to the normal stresses o,; of the
reinforcement in the cracks and the tangential
stresses 7 ;. (Fig. 3).

The relationships between v;
the experiments are of the form:

and angle 3 from
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Vgi = kup * Roup = ksup (OG5 + N -1g f+ F); (16)

Here are the rod yield functions for the distance
l... (using the area and perimeter of the rod) at

some small segment and v,;, ¢ s

Ui g
coefficient for the generalized reaction Ry,

The components of the main vector along some
orthogonal directions are related to each other:

0.5-a

cre = Ugy *COSQL+U

. sina (i#x,z); (17)

gx
0.5 ae —ug, -sina

= ; (18
& cosa (18)

Ugi =Ug, +€OS B —Ugy -sin ;5 (19)

u
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Ugj =Ug, -COS f; —ulgy -sin f; (20)

Then (Fig. 3) we get:

cos B=0,544 i\/(O,SAﬁ)Z ~Bg: (21)

2 2
Z'Ugi'ugz B
B 2

Here A,B = 2 it
(12" #1057

After that we get the dependence

Ugi =Ugy - COS ff; +1U gy, -SIN f3;. (22)

Figure 3. Connected displacements of reinforcing bars u

crack with crack bank opening a,.,. and shear A

and Ug; (for crumpled concrete) in the

gi
cre» taking into account the main vector u and the

angle B of forces in the reinforcement crossing the crack

2) The classification of trunk cracks has the
form (Fig. 4):

e regular cracks Prof. N.I. Karpenko [19]
(anisotropic medium of reinforced concrete and
finite element method, no effect of reinforced
concrete, no width of "opening - closing");

e main cracks of the author (Fig. 4) based on
the effect of disruption of the continuity of
reinforced concrete.

Basic cracks (geometric force and inter-medium
concentrations for the augmented and internal
displacements A;, Ay, @7, @3, Ap,,..
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Ca Cz
q,
P 2
19, B
Fy I 5
q, 1, F
= b
RSl i
A R T
6 Cj cre,i,x ck
a)
2 M, R4N

crack banks
strain gauges

a
MI /{\7 7)\\ M b — T
// 2 0] \ 1 - armature; Air 1 - armature;
2 - needle; 2 - banks of
3 - rubber cracks;
tube; 3 - sensor with
4 - tape with glue "Cyacrine".
Sensors.
c) d) e) 1g

Figure 4. Classification of trunk cracks. a - calculation model of resistance 4 for a wall with trunk
oblique cracks; b - baseline crack origins - concentrations: geometric, force concentrations for
external and internal displacements A;, Ay, @1, @2, A@.,.); ¢ - computational model of
resistance 4a - slab with trunk cracks; d - shape of cross-section for types of cracks and technology
of experiments for punches in the reinforcement (e), gauges with glue "Zyakrin" for the banks of

cracks (f, g)

The general model is proposed for the analysis
of systems partitioning into physical and
computational models of resistance of
reinforced concrete (RRC) in cracks rod for
RRC 1 - 3, flat cracks RRC4, 4 * and spatial
RRCS, 5 * for system "opening-closing" width.

Here types I-III of area cracks M >Mcrc, Mt <
Mt,crc and Q > Qcrc; M < Mcre, Mt > Mt,crc or

Volume 19, Issue 1, 2023

Mt < Mtere, Q > Qcrc; type IV - crack
development from fracture mechanics; type V -
cracks from compressed concrete €3 (top) and €1
(wall); type VI - cracks from anchoring

The Lagrange function is constructed for the
maximum crack opening width in the closed
equations of reinforced concrete mechanics
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(Fig. 4)  F; = f(qgsXB.0g. X, C0\05 [0 >
C2,11,12,ﬂ3,l4,25,ﬁ6,l7)Z

14_&]%_'_&2%4_ M%ZO’

axI 8x1 8x1 8x1
.......................................................... (23)
o + 00, + A 00, + 4, n =0

ox,, ox,, ox,, ox,,

3) The author proposed new hypotheses and
theorems:

- The first one is about the distribution of
relative linear deformations &, , and &, ¢ using

a special geometric volumetric figure for the
deplanation of the cross-section of a reinforced
concree element from elastic-plastic stages I-11I
and in jumps - cracks [14-18];

The second hypothesis on the distribution of
relative angular deformations of concrete and

reinforcement (g, p and Ygum,.s) USIng a

special geometric volume figure for the
deplanation of the cross-section of a reinforced
concrete element from elastic-plastic stages I-
III, in jumps - cracks and theorems 1-3 [14-18];
4) Analytical functionals first - fourth are
developed when solving the system of proposed
complex functions from the grids method
families in the compressed and stretched zones
with the help of small squares. Linear and
angular deformations are determined at all
stages I-III for a complex-stressed reinforced
concrete element and in the jumps-cracks. The
first functional f5«(y,z) is a function of two

functions along the y-axis and z-axis; the second
functional fesx(x,z,y) is a function of three
functions along the x-axis, z-axis, and y-axis.
The bending and torsional moments are
determined using the third uncertain function
Jeintvol(*,¥,2)  (a  special function of
subtraction from the triangle in the calculated
cross sections of the element when it is
approximated by rectangles), and the torsional

76
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moments are determined using the fourth
uncertain function f5 i (z,y).

5) Stiffness due to intersecting cracks for a unit
strip uses the hypothesis, which allowed for
reinforced concrete to reduce the differential
equations of composite structures by an order of
magnitude A.R. Rzhanitsyn [11, 18]. The
stiffness matrix is constructed for rectangular
cross-sections using small squares for physical
characteristics: static equations (equilibria),
geometric  equations  (deformations), and
physical equations (Fig. 5).

T
— AT = AT = = Ay T, = A
é:m,]
T‘
—2—A21T]—A22T2—...—A2nTn=A20; (24)
m,2
T,
—Apili = AT == Ay, T, = Ay
é:m,n
. No.s No.2 ) f(xcrc) . (25)
(Ep,14p,Detv Ep 24y ety 1y
A= é: =
I I £ )
g +—C2 1 (26)

+
(Ep,14p, Dety (Ep24p 2)eky  Mx1,

Here Ti, T2, T - shear forces accumulated along

the length of the rod to the section;
Sml> ém2> Smn - modulus in a single
shear band of the joint; A - displacements along
a given direction; - difference of average

relative linear and angular deformations in the
joint point; &g, 7, - equivalent stiffness;

S Gere)

compressed zone, averaged between cracks;
I/r, =y - curvature of reinforced concrete

function of height of concrete

composite rod.
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II. RESISTANCE CALCULATION MODEL
METHOD FOR STRUCTURAL
MECHANICS, - RESULT II.

Calculated models of resistance (Fig. 5) fully
meet the modern trend of deformation models of
the theory of reinforced concrete, denoted today
by the conceptual hierarchy (section - element -
system) for the following levels: rod, flat and
volumetric.

The analysis of the first model is performed.
This is the rod with main normal cracks for the
analytical fracture mechanics functional. The
analysis of the second model for trunk oblique

N
. CMRS "
=y CMR4 T
CMR5*% CMRAR
CMR2 CMRI

CMR3

S

a)
nyn_ A " 11 "_ Ax 1 "n_ A\'
pA, p-B,
N 7 aan
u R0 ™~ v RB=QM
LT \ /
AL N s
v | PR N
AN 8
S 3
P A1 p. BI
¢)

cracks is also performed using closed equations,
which are included in the Lagrange function to
determine the dangerous crack.

The third model of resistance has diagonal and
other cracks for pliable units, as opposed to
rigid units from structural mechanics (Fig. 5).
Model 4 is a wall with trunk oblique cracks as
well as diagonal (seismic) cracks, and 4a is a
slab with trunk cracks (Fig. 4c and Fig. 5).
Model 5 wuses volumetric spatial blocks in
torsion with bending. 5a are volumetric spatial
blocks under the action of torsion with bending
and shear force.

L
™ 2

|0 !
.

i

b)

3o
D= ): Z SD « Static equations (equilibrium)

" collapse (expand)

o e

» Geometric equations {deformations)
» Physical equations

d)

Figure 5. Calculation models of resistance (CMR) of buildings and structures (a) and stiffness for
intersecting cracks of reinforced concrete for a single strip of composite rods (b, c), stiffness
matrix scheme (d)
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In the spatial design model of resistance in
bending with torsion, two-console elements in
models A and B [6], as well as a universal dual
console element in reinforced concrete [8, 15]
are used.

Applying the method of initial parameters [7 9]
for a compressed-curved axis in the form of a
spline is a general solution of the differential
equation for displacements, - external (a,,. and

0(Ase)s @ ©;) and internal (jump-crack: A,
AZ ) ?r» ?2, chi"c ) The

mechanics classification for active or passive
parameters is used for equal [7]

construction

dy_

0. (27)
ax?

The general solution of equation (27) is
expressed as a linear combination of the four
functions:

y(x)=C;-K;(Bx)+Cy-KH(Bx)+

+C3-K3(Bx)+Cy - Ky(fx), (28)

B ="

K5 (x) :é(shx+sinx), K;(x) :é(chx—cosx),

where K;(x)= é(chx+cos X),

Ky(x)= é(sh x-sinx) or we can use the Krylov-

Vlasov functions: @;(x)=chx-cosx; @, (x)=

= shx - sinx; @;(x)=shx-cosx; @,(x)=chx -sinx.

The method of initial parameters for
displacements allows us to obtain expressions
for deformations and rotation angles under the

action of bending moment and shear force on
the deformable base:

) 2( 5. i-
i-1 L {%i(i—j)){j}é} (29)

=

Vladimir I. Kolchunov

z(z>=z,-+(%(z—b,->j (31)

Ri = kiyia' (32)
Here Ri, ki and yi are the force, stiffness and
displacement, respectively, in the i-th bond of
the base.

The bending moment is described by the
following relationship:

i-1 (LY id ’
Mi:M]+Q]LT+(;j 2 =)y ik =qMp;, (33)
j=I

where M is the moment in the console at i = 1;
M, - the moment in the i-th cross-section from

a given unit vector of external forces.

We obtain a system of n equations (2< k < n +
1) in the form of the method of initial
parameters:

Dy [y1, 01 M1, Q1 My 1, vin 41(q4)] = 0.

Here qi(qa) is the modulus of the force
(deformation) impact vector,

Experimental studies are important (about a
hundred experiments of the author) for full-
scale structures, buildings and constructions.
New technologies are used: glue "Cyacrine"
(Cyanocrylate), sensors to measure 80% of the
destructive load, punches for the inside of the

working  reinforcement, installation  for
displacements.
III. HYBRID calculations in the software

package by means two elements in the form of
"flat and spatial console", - RESULT III for
internal and external displacements S;,A;,

A2>A3’5Acrc:(p]a¢2a(/)crc :

IV. GENERAL PRINCIPLE - from the works of
A.F. Loleit to the "opening - closing" of cracks
in the working reinforcement and stiffness of
reinforced concrete structures, buildings and
structures taking into account the development
of mechanics of reinforced concrete, - RESULT
IV. There is also an economical expenditure of
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material (steel) in beams (£=0.3-0.4; p=1%-
2%); in slabs (£=0.10-0.15; p=0.3%-0.6%) and
in columns (£§=0.4; p= up to 3.0%)). The
calculation must take into account that if a,, >

ag , then:

- 1) increase the cross-section of the elements
and the shape of the cross-section;

- 2) increase the class of concrete to B100;

- 3) introduce reinforcement of compressed
concrete;

- 4) use a diagram of materials (steel);

- 5) consider the criteria of fragmentation of the
compressed concrete (ultimate deformations
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from fracture mechanics, and cracks from the
anchoring (/,/1,, =m,,3) for tensile working

the development of cracks

reinforcement.

6) consider the main (basic and adjacent) cracks
for levels, stiffness and "opening-closing" of the
crack using design models of resistance of
reinforced concrete (rod 1-3, flat-tensioned 4
and 4*, spatial 5 and 5*.
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Figure 6. Diagrams of M-y (a) and ql-fs dependences (b): I, 11, 11 - M-y dependences for clean
zone, transverse bending zone in the absence of inclined cracks and transverse bending zone in the
presence of inclined cracks, respectively, 1, 2, 3, 4, 5, 6 - ql-fs dependences at s = 3 and
dependences I in section 2; at s = 2 and dependence I in section 2; at s = 3 and dependence Il in
section 2; at s = 2 and dependence Il in section 2; at s = 3 and dependence Il in section 2; at's = 2
and dependence Il in section 2, respectively

CONCLUSION

1. The development of the mechanics of
reinforced  concrete  and  the  basic
prerequisites, - result I:

e The environment of reinforced concrete
includes the force flows of solid deformable
body mechanics of concrete blocks for isotropic
medium between cracks, - " first object - flows
(blocks). "Second object, - trunk cracks" using
the functional, two-concrete element and the

Volume 19, Issue 1, 2023

effect of reinforced concrete. The physical
essence is the discontinuity of concrete and
solid reinforcement, where there are reactions
between the reinforcement and concrete in the
form of relative deformations of the

reinforcement &g = &g ; —¢&,, adhesion AT,

the stress oy, . of compressed concrete, the

pliability of structural mechanics and other
parameters. The resistance of the tensile
concrete in the transversal-isotropic medium is
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transferred to the working reinforcement
through the general parameter (y or v g, by

Prof. V.I. Murashev. The average longitudinal
force N, and transverse force O ,, are related

using a special third object, the "total average
force of the working reinforcement". Models of
the second level of structural mechanics have
been developed for a rebar with two pinched
ends at cantilever rotations as well as crack
opening d. s, shear of crack banks A,.. The

longitudinal axis of the rebar is sinusoidal when
moved with a maximum amplitude of 0.5a,.
and 0.5A ... The unknown X,, X3, X3,, Xy,
X 5 the
calculation of statically indeterminate systems
by the method of forces from coupled systems
of equations. The main vector of reinforcement
displacement in the crack is characterized by
two values ugi, vgi in orthogonal directions and

the angle B . Distances between cracks /..,

cre:

quantities are determined from

resistance parameter of tensile concrete y; and

crack opening width «a use the effect of

cre
discontinuity of concrete from Thomas-author
hypothesis, ~where the relative mutual
displacements of reinforcement and concrete are
found from the equilibrium of the cut
reinforcement bar and the homogeneous
differential equation with boundary conditions.
The perimeter, diameter and area of the
reinforcement, B;, I/ K, AT, Obt.c modulus

of elasticity and shear of concrete,
reinforcement ~ factor,  boundary  linear
deformations of concrete, several levels, etc. are
used for this purpose.

e (lassification of main cracks has the form:

- regular cracks of Prof. N.I. Karpenko
(anisotropic medium of reinforced concrete,
without the effect of reinforced concrete and the
width of "opening - closing");

- the author's main cracks on the basis of the
effect of reinforced concrete discontinuity;

- base cracks for geometric (undercutting), force
and inter-medium concentration, as well as
external and internal displacements.

Vladimir I. Kolchunov

Consider the first - third types of cracks for the
bending moment, torsional moment and shear
force area. The fourth type is obtained in the
development of cracks from the fracture
mechanics condition d{p, / dh.,. =0, the fifth

type - cracks from compressed concrete, the

sixth type - cracks from anchoring (
Zx /lan =Mgyz3 )-
The calculated models of resistance of

reinforced concrete for their analysis of rod,
plane and spatial cracks have been developed.
The Lagrange function

F; :f(qsw:xB’Usax’O-c’Gs,[:O-c,]’
Cy, 41,22, 43, A4, 25,25, 27) is used for the

maximum crack opening width in the closed
equations of reinforced concrete mechanics.

The author proposed new hypotheses and
theorems:

The first of these is about the distribution of
linear deformations and for the deplanation of
the cross-section of a reinforced concrete
element.

The second hypothesis about the distribution of
total relative deformations of concrete and
reinforcement shear (yg,,,, and g, ) for

the deplanation of the cross-section of a
reinforced concrete element.

e Analytical functionals are developed when
solving the system of the proposed complex
functions from the families of the mesh method
in the compressed and stretched zones using
small squares. The first functional f5x(y,z) is a

function of two functions along the y-axis and
z-axis. The second functional fisx(x,z,y) 1is a
function of three functions on the x-axis, z-axis,
and y-axis. The bending and torsional moments
are determined using the third undefined
functional . in¢yor(x,,2z) as well as the

fourth undefined functional f5 s [ (z,y).

e Stiffness hypothesis allowed for reinforced
concrete by an order of magnitude reduced
differential equations of composite structures by
A.R. Rrzhanitsyn. The stiffness matrix of
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rectangular cross-sections uses static equations
(equilibria), geometric equations (deformations)
and physical equations.

2. The method of computational model of
resistance for structural mechanics, - result I11:
e Analysis of the first model (rod with main
normal cracks) and the second model (main
inclined cracks between the links of
reinforcement and concrete blocks) was
performed. The third model of resistance has
diagonal and other cracks for pliable units as
opposed to rigid wunits from structural
mechanics. The fourth model is a wall with
mainline oblique cracks, and model 4a is a slab
with mainline "envelope" cracks. Model 5 (5a
under the action of torsion with bending and
transverse force) uses volumetric spatial blocks.
e The general solution of the Krylov-Vlasov
function equation is a system of a linear
combination of four functions, for the general
solution of a differential equation.

e The basic solutions in the boundary
parameters for compressed-bent and stretched-
bent prismatic rods (frames with rigid units) are
defined by means of active and passive
parameters.

e Applying the initial parameter method for a
compressed-curved axis is a general solution of

the differential equation for external (a o,

®i) and internal (A]: AZ: Prs P2, A(”crc)

cre

displacements.

e The method of initial parameters for
displacements allows us to obtain, in the i-th
cross section, the deformations and angles of
rotation under the action of bending moment
and transverse force on the deformable base
from a given unit module of the force vector gl
(deformation qd) impact of external forces in
the form of an equation

Dy [v1> 15 M1, Opy My 1 vi> 41(92)] = 0.

e Experimental research for structures,
buildings and constructions is important. New
technologies are wused: glue "Cyacrine"

Volume 19, Issue 1, 2023

(cyanocrylate), sensors, punches for the inside
of the working armature, installation for
determining displacements.

3. Hybrid calculations in the software package
and by means of the finite element method, -
result III for internal and external
displacements S;,A;, Ay, A3,0A 0, @102, Ppye

4. The general principle from A.F. Loleit's
works to "opening - closing" of cracks in

working reinforcement and = stiffness of
reinforced concrete structures taking into
account development of mechanics of

reinforced concrete (MRMS method), - result
IV. The economical consumption of material
(steel) in beams (£=0,3-0,4; p=1%-2%), in slabs
(&=0,10-0,15; p=0,3%-0,6%), in columns
(&=0,4; p=up to 3,0%) is obtained. If a,, >ap,
then increase the cross-section of elements
bxhy and the form of cross-section; increase

the class of concrete from B to B100; introduce

reinforcement of compressed concrete A .
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