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Abstract. Establishing the influence of changes in the temporary properties of rubber on the stress
state of the rubber traction body with a damaged cable. The method of research consists in the analytical
solution of the model of the humorous traction body taking into account the rupture of the cable
continuity and the change in the properties of the rubber. The dependences of the change of the stress
state of the traction body of the humotross with the broken structure due to the rheology of the rubber
shell are established. An algorithm for determining the stress state of a rubber traction body in case of its
failure is formulated. It is shown that the loads on the ropes caused by the rupture of one of them lead to a
local redistribution of forces almost only between two cables - damaged and adjacent; when damaged,
non-extreme cable forces change in almost only three cables - damaged and two related. There are no
extreme values of the internal load forces of the cables, which depend on the change of the shear
modulus of the rubber material over time.

Construction of a method for determining the influence of impulses of individual cables of a cable
rubber rope on its stress state.

Development and solution of the model of stress-strain state of the cable rubber rope with breaks in
the continuity of the cables.

Methods of determining the stress state of a cable rope with a damaged cable.

The mechanism and nature of the influence of the impulses of the continuity of the cable of the cable
rubber rope on its stress-strain state.

The developed method allows to take into account the influence of cable bursts on the stress state of
the humorous cable rope of arbitrary design. Its application will allow to reasonably determine the
minimum reserves of strength under the condition of safe use of the rubber rope, including in case of
rupture of individual cables.

The mechanism of influence of change of properties of rubber on pressure is established by a
condition of a traction body taking into account a rupture of continuity of a cable and change of
properties of rubber. Taking into account the dependence of the stress-strain state of the rope with local
violations of the cable base on changes in mechanical properties of rubber provides the ability to predict
the stress state of the rope to improve safety and reliability of rubber traction with a long service life.

Key words: rubber, cable rupture, stress state, cable rope.

1. Introduction
One of the directions of construction development is to reduce the cost of
construction and timing of construction, such as cable-stayed bridges. Less
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noticeable technical solutions such as reinforced concrete structures are being
introduced. They, with a large size in the plan, have a small mass [1]. In such
constructions reinforced concrete slabs are connected by cables. One of the
problems of implementation of such structures is to ensure their reliability
throughout the life of the structure.

Cable rubber rope consists of parallel cables located in parallel layers and
connected into a single product by an elastic shell. It protects the rope ropes
from the aggressive effects of the environment. Cables, as elements of the
system with parallel connection of elements and incomplete redundancy,
significantly increase the reliability of the system - cable rope.

A factor affecting the reliability of the rope is the rupture of the integrity of
one of the ropes. Reduction of rope reliability in case of cable rupture should
be taken into account in the rope design process provided that the specified
level of incomplete redundancy is ensured. The rupture of the cable locally
changes the stress-strain state (VAT) of the rope. Locally, the internal load
forces of the cables increase. The method of determining the stress state of the
rope with a comprehensive account of its mechanical characteristics, design,
rupture of an arbitrary cable is absent. The development of a method for
determining the stress-strain state of a cable rope will allow to solve the
current scientific and technical problem of improving the safety of operation of
capital facilities in which cables are used.

The rubber cable rope is composite in its construction. The influence of
ruptures of reinforcement elements of composite flat rubber ropes (tapes) is
considered in a number of works [2-7]. Issues of restoring the traction capacity
of humorous traction bodies with damaged ones are considered in [8, 9]. The
ends of the conveyor belts are connected. In [10] the stress state of the joints
was investigated.

The rope, according to the operating conditions, consists of an arbitrary pair
of ropes. Cables, in order to minimize the weight of the rope, are laid
regularly, with a technically determined step. The distribution of loads
between the cables depends on the design of the rope and the properties of the
elastic shell, the nature of the load.

2. Calculation of effective perforated welded beams

Based on the peculiarities of the design of the cable rope, the conditions of
its operation, we take a number of simplifications. The cable rope is loaded
only by tensile forces. We will consider only such forces. The tensile stiffness
of the ropes exceeds the stiffness of the elastic shell located between the ropes.
Assume that the elastic shell between the cables transmits only the shear stress.
Rope ropes are loaded with forces within their linear deformation. We will
solve the problem of force distribution between the cables as a linear one.

The number of layers of cables in the rope is denoted by N. The number of
cables in layers M. We determine the location of cables by their numbers j
(1</<N) and i (1<i<M). Take the rope to the x-axis parallel to it.

We formulate the equilibrium condition of a rope of short length dx cut
from a rope
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dPi,j+(Tl,i,j71 Tyt —Tz,i.j)bdx =0, (1)

where 7 — the average values of the shear stress in the material of the elastic
shell located between the cables; b — step of arrangement of layers of cables
and cables in layers

Gk,

Tiij =ﬁ(ui,j —“i,j—l)a (2)
k

D2,j = _S_Z (“i,j - ”i—l,j) > A3)

where G — the shear modulus of the elastic sheath material of the cable rope; kg —
coefficient taking into account the influence of the shape of the elastic shell
located between the cables on its stiffness shear; d is the diameter of the rope

ropes.
Substitute (2), (3) into (1). We will receive
db; Gk
dlxj +—<b (ui,jfl —du; ;g g Ut ui+l,j) =0. “)
Hooke's law for longitudinal deformation of a cable
du; ;
R =EF—:L, ()

where E is the modulus of elasticity and the cross-sectional area of the cable.
Consider (5). We write (4) in the following form

dzui,j N Gbkg
dx*  EF(b-d)

A system of homogeneous equations is compiled for an arbitrary cable. The
equilibrium condition of the extreme cables is excellent

2
dm; ,  Gbhg

(“i,j—l —Au; g U +ui+1,j) =0. (6)

dx>  EF(b-d) (01 =300 10,51 +1035) =0, (7
dz[z:zl’f + EFC';(bbk_Gd) (“M,j—l =3upy iy gt uM—l,j) -0, )
d;:;,l - ;?(I;kad) (=Bt + 5+t gy +ty4y,) =0, ©)
dj;iN ! Eg(l;)k—c d) (31 =3ty + 41+t ) =0, (10)

Expressions (6) - (10) are N - M of homogeneous systems of equations. We
will look for their solution with respect to displacements in the form of
products of functions depending on the location of the cables in the rope
crossing and the functions of the x coordinate

W = eBx-H/—_]}J.i-H/—_]Xj. (1 1)

1]
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The values of the characteristic indicators with an imaginary factor are
taken from the condition of satisfying the systems of homogeneous equations
(7) - (10)

M =500 T =2 (12)

Substitute the values of the accepted components of the characteristic
indicators in (6). Let's define other characteristic indicators

Bonn =+\/ th))V (2=cos(n,,)—cos(x,)),

Bmm=i\/ th (1-cos(n,,)),

Bnn—i\/ hGEb (1-cos(y,)), 1<m<M, 1<n<N. (13)

Wanted movement of cables

M1 N-1 8 - . .
w; ;= z z (Am,ne mn +Bm,ne m.n )Bm,n COS(Hm (z—O,S))COS(Xn (]—0,5))+

m—1 n=1

M-
+y (Ammeﬁmmx +Bmm,ke‘l3mmx)[3mm cos(p,, (i-0,5))+
m—1

N-I P
£y (Anneﬁ"ﬂx + B”n,ke_B”ﬂx)Bn,, cos(x, (/—0,5)) +E_;C7+ 5, (14)
n=l
where o are unknown constants.

We use Hooke's law (5). We obtain the expression for determining the
internal load forces of the rope ropes

M-IN-1 B
Pij =EF[ > (Am,neB’”’”x —B,, e B’”’”X)Bm,n cos(p,, (i—0,5))cos(x,, (j—0,5))+

m—1 n=l1

M-l
+y (AmmeBm'"x —Bmm,ke_Bmmx)Bmm cos(u,, (i—0,5))+

m—1

N-
+> (AnneB"”x —Bnne_B””x)Bnn cos (x ( j—0,5))J+P. (15)
n=1

The formulated regularities of distribution of displacements and internal
forces of loading of ropes of a rope (14), (15), at known values of unknown
constants, sizes allow to define the VAT of a cable-stayed rubber rope. The
values of unknown constants should be determined from the condition and
load of the rope.

Consider the problem of determining the VAT of a rope with a damaged
cable. Let the length of the rope L. The rope ends are attached to the structure.
The beginning of the coordinate axis is compatible with one end of the rope. In
the section x = 1 the /, J-th cable is damaged. In cross section, it violates the
design of the rope, in our case, the condition of the continuity of its cables.
Solutions (14) and (15) are constructed for a rope without cable breaks so they
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are not acceptable for such a case. In order to solve this problem, we will
conditionally cut the rope into two parts with a cross section of the cable break.
In each part the cables are solid. Solutions (14) and (15) are acceptable for
them. We will give numbers one and two to the parts. We will write down
numbers in indexes of the sizes concerning them. In sections (x=0) and (x=L)
the rope is rigidly attached to the structure. In accordance

Al,m,n =_Bl,m,n’ Aml,m =_Bm1,m’ Anl,n = _Bnl,n 9

2B, L —2Bm,, L —2n, L
A yn="Byppe """, Amy,, =—Bm, e By, , Any , =—Bn, e """ (16)

The internal forces of loading the cables and their movement will take the
following forms

M-I N
Pij [z 2 Binn (eﬁm " 43mnr)Bmﬂ 05(1,(1=0.5)) c0s(x, (/=0.5))+

m-1 n=1

M-1
42 B[+ B s (1, (1—0,5))+

m-1

N-1
+ By gk (eB""x + e_B""x)Bnn cos(x, (j -0, 5))} +P, (17)
n=1

M=IN-1

w; ;= Z_‘{ Z_%Blmn(eﬁ”’”x e P )OOS(Mm( —0,5))cos(x,, (—0,5))+
+MZ:‘; By (eﬁm'"x —e_ﬁm"’x)oos(um (i-0,5)+

N-l
+> Bny 1 (eB”"x —e_B”"x)cos (x,, (j-0, 5))+ﬁx+81, (18)

n=l

e B nx an X 2
P j=—EF| 2. ZBZ,m,n(e | Bm,,cos(;,tm(l 0,5))cos(x, (j—0,5))+
m-1 n=l
M- 6 2
+ z Bmy i (efﬁmmx 4Pl )Bm cos(p,, (i—0,5))+
m-1
& —Bn,x Bn X— 2L
+Z Bn, , « (e o )Bn cos(xn(] 0, 5)) (19)
n=1
M-1N-1 B, Y . .
;=2 2. Brmn (6’ P _ Pmal ))cos(Mm(l—O,S))cos(xn (j-0,5))+
m—1 n=1
M —Bm,,x __Pmy,(x-2L) .
+ Z Bmy i (6’ nt—er )cos(um(l—O,S))+
m—-1

N-I
3 By (e =M Neos (1, (/- 0.5) +Lox 5y, (20)
n=l w EF
Consider the compatibility of deformation of parts in the cross section x = 1.
We introduce the condition of equality of forces of loading of cables
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Diij = P2 j- (21)
From condition (21) we find the ratio of unknown constants

— l [-2L
Bl _ 32 e Bm,n,k + eBm,n,k( )
,m,n,k ,m,n,k e_B"’ il Boonil P

e_Bmm,kl +eBmm,k(1_2L)

e_Bmm,kl + eBmm,kl

Bmy ,, o = Bmy i (22)

Displacement taking into account the relations (22)

M—-1N-1 Bl | Bual-2L) _ .
Uyj= Z B i € —B + B ( Pne —e B"”"")cos(um (1—0,5))><
m-1 n=1 m.n mal

Bm (I-2L) -
XCOS(X” j-0 5)) z Bm2m —Bm l Prml (eBm m— BmmX)X

-l Bl PBn,(1-2L)
P e " te " Bn,x _ —Pn,x
X COS (;,Lm (i-0, 5)) + 2:1 Bn, , B, ] (e e ) X

xcos (1, (j—0,5)) + ;{m], (23)
K M-1N-1
Uy, ) = > Cp cos(ockt){ > > By (eB"”””‘x - e_B’"’””‘x)cos (;,Lm (i —0,5)) X
k=0

m—1 n=

<cos(i, (1-0.9)+

m—

N-
+ By, (eB""”‘x —e_B"””‘x)cos (% (j—O,S))} +P;—I;:pl+82. (24)
As a result of the rupture of the cable, a gap of unknown size is formed
between its ends. We formulate the condition of the difference in the
movements of the cables in the cross section x = 1, taking into account the
formation of a gap between the ends of the damaged cable

K Li=IAnj=J

U, i —uy,;  =U C; cos(ot .

Li,j 2,i,j 0];) k ( k ){0’ itIvj#J

The difference of displacements in expression (25) is decomposed into a

Fourier series. Determine the values of constants with an unknown gap
between the ends of the damaged cable

4é"" cos (w,, (1-0,5))cos (x, (/ —0,5))
MN[_M L i) _ 1}

Bm, i (eﬁm"”kx g P ) cos(,, (i—0,5))+

n=1

(25)

BZ,m,n = UO (26)

th(By,.nl)
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2cos(u,, (1-0,5))

Bmz’ = UO s (27)
" MN _M 4 2Prmm(-L) _q
th(Bm,,l)
Buy =0, 2cos(p,, (1-0,5)) 28)
P B T B N v W
th(Bn,l)
U
8y =8 ——2. 29
270 (29)

The first parts of the rope, under the accepted conditions, are fixed. Therefore
5, =0. The ends of the damaged cable in the cross section x = I are not loaded.

From this condition, taking into account the unknown constants found and their
ratio, the magnitude of the gap in the cross section of the cable rupture

M1N=1cos (,, (1 =0,5))cos” (4, (S =0,5)) B,
Uy(t)=PM N/ 2EF|2) >, B P 03D Bl Pl
m_] n:l e m,n —e m,n e m,n —e m,n

+
e_Bm,nl +eBm,n(1_2L) eBm,nl +e_Bm,nl

M-l cos? (1, (1 —0,5))Bm,,

+2
| 2 _
= Bl _ By (120) Bm,d _ Pm,l

e—Bmml +eBmm(l—2L) eBmml +e—[3mml
N-l cos? J=0,5)Bn
+ z —Bn, ! Bn()((lrigL) [321)1[3 - —Bn,,,l (30)
n:] e nt __ e n e nt _ e nm

e_Bnnl + eBnn (I_ZL) eBnnl + e_Bnnl

The found values allow to determine the VAT of the cable edge with
damage to any cable. The sequence of their application is the desired algorithm
for calculating the VAT of a rope with a damaged cable.

Consider a cable rope based on cables with a diameter of 8.25 mm. Rope
length Sm. The step of laying cables b = 1,2d. The ropes are arranged in four
rows of five ropes. The shear modulus of the elastic shell material G = SMPa.
The modulus of elasticity of cables is 105 MPa. The coefficient of shape of the
elastic shell material kG = 1. The corner cable in section x = 1m is damaged. The
average load on the rope rope is SkPA. Here are the results of the calculation.

3. Calculation of effective welded crane girders considering fatigue

strength

According to the figure, the difference in displacements of the ends of the
cables (the gap between the ends of the cable) in the cross section of the gap
reaches 2 mm. The movement of the end of the cable of the second part exceeds
the corresponding figure for the first, which is due to the greater distance of the
cross section of the rupture from the point of attachment of the second part of the
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rope. The main factor influencing the impulse on the reliability of the rope is the
deviation of the load of individual cables from the average (Fig. 2).

Fig. 1. Movement of cables with numbers 7, in Fig. 2. Distributions of internal forces
layers j in section x =1 between cables with numbers i, in layers j in
(1 - first part, 2- second part) section x =1

According to the obtained distribution of internal forces, the rupture of the
cable leads to an increase in the internal tensile forces of only the cables
adjacent to the damaged one. Their value, as a result of the surge, increased by
29%, which should be taken into account when determining the level of
reservation of cables as part of the system - cable rope. In general, the nature
of the stress-strained cable distorted by the gust is local. It is localized in
length and width and thickness. The interaction of cables occurs due to
tangential stresses arising in the elastic shell in the case of mutual
displacement of adjacent cables.

Conclusions

The study conducted and found: The change in the shape of the cross
section of the ropes of the rubber rope is caused by the rupture of the cable.

The obtained analytical expressions allow to determine the internal load
forces of the rope ropes, the maximum values of the stress concentration
coefficients in the rope ropes, which is under the influence of external factors.

The model and algorithm of calculation of a condition of a cable rope taking
into account a design of a rope and mechanical properties of its components
with impulse of an arbitrary cable are created.

It is established that the rupture of the cable leads to an increase in the loads
of adjacent cables. The developed algorithm allows to determine the VAT
indicators of a rope with a damaged cable.

Analytical regularities are constructed on the basis of classical methods of
linear theory of calculation of stress-strain state of composite materials.

Based on the study, the dependences obtained to determine the stress-strain
state of the rope in the conditions of operation of the cable rubber rope are
obtained.
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Thus, the results can be considered reliable, they are obtained by analytical

solution of the rope model, built on the basis of linear theory of elasticity,
mechanics of composite materials using generally accepted assumptions.
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benvmac 1.B., Tanyypa I' 1., binoycO.L., [lléauxa A.B., I'ynano FO.IO.
JOCJIUKEHHS CTATUYHOI'O KAHATA 3 OBPUBOM TPOCA

BCTaHOBJ’leHHﬂ BILIMBY 3MiHl/l THMYaCOBHX BJ'laCTPlBOCTeﬁ rymm Ha Harlpyncem/lﬁ CTaH
I'yMOTSFOBOIO OpraHa 3 IOMIKOPKEHUM TpocoM. CHoci® NOCHIDKEHHS MOJSrae B aHATITUIHOMY
PO3B’sI3aHHI MOJENI I'yMOPUCTHYHOIO TATOBOIO OPraHy 3 ypaxyBaHHSM PO3PHBY CYLLIBHOCTI Tpoca
Ta 3MiHHM BJIACTUBOCTEH T'yMH. BCTaHOBJICHO 3aJI&KHOCTI 3MiHHM HAIPY>KEHOTrO CTaHy TAOBOrO Tija
ryMOTpOCa 3 MOPYIICHOI CTPYKTYPOIO 33 PaXyHOK peosiorii rymoBoi o6ononku. Cdopmyas0BaHO
AITOPUTM BHU3HAYCHHS HAMpPYXKEHOrO CTaHy T'yMOBOrO TAOBOIO Tia y pasi HOro MHOJOMKH.
HOKa3aHO, 10 HaBaHTAa)XCHHA Ha KaHaTH, Bl/lKJ'Il/lKaHi PO3pUBOM OOHOIO 3 HHUX, NPU3BOIAATH 10
JIOKAJIBHOT'O MIEPEPO3IIO/ILTY 3yCHIIb MAKE JIMIIE MiXK [BOMA KaOeJIsIMH - TIOLIKODKESHUM 1 CYCiTHIM;
IPH IOLIKO/KCHHI HEeKCTPEeMalbHI TPOCOBI CHJIM 3MIHIOIOTBCS Maike JIMIIE y TPhOX TPOCIB -
HOLIKO/KEHHX 1 IBOX IOB'I3aHUX 3 HUM. IIpH LbOMY BiICYTHI eKcTpeMabHi 3HAYCHHS BHYTPIIIHIX
3yCHIJIb HABAHTAXKEHHSI KaOEJiB, 110 3aJIeKaTh Bi/l 3MIHU MOJLYJIsl 3CyBY 'yMOBOI'O Matepiaiy 3 4aCoM.

IToGynoBa MeToqy BH3HAYCHHS BIUIMBY MOPHBIB OKPEMHX TPOCIB BAHTOBOI'O T'yMOTPOCOBOIO
KaHaTy Ha HOro Halpy>KeHUH CTaH.

Po3pobka Ta po3B’si3aHHs MOJIEN HAIPYXEHO-1e(OPMOBAHOrO CTaHY BAHTOBOI'O T'YMOTPOCOBOI'O
KaHATy 3 PO3PUBAMHU HEIIEPEPBHOCTI TPOCIB.

CriocoOu BH3HAYEHHsI HAMPY)KEHOrO CTaHy BAHTOBOIO T'yMOTPOCOBOIO KAHATY 3 YIIKOKCHUM
TPOCOM.

MexaHi3M Ta XapakTep BIUIMBY ITOPHBIB CYLIIBHOCTI TPOCAa BAHTOBOrOI'yMOTPOCOBOI'O KaHATY Ha
iforo HanpyxeHo-1eOpMOBaHHI CTaH.

Po3pobiieHnii METOA 103BOJSIE BPaxOBYBATH BIUIMB IMOPHBIB TPOCIB HAa HANPYXKEHUH CTaH
I'yMOTPOCOBOrOBAHTOBOTO ~KaHATy [OBUIBHOI ~KOHCTPYKLL. Horo 3aCTOCYBaHHs  JI03BOJIUTh
OOIpyHTOBaHO BH3HAYaTH MiHIMANBHI 3amacH MILHOCTI 32 YMOBH OE€3MEYHOTO BHKOPHCTaHHS
I'yMOTPOCOBOr'0 KaHaTy BKJIIOYHO 1y pa3i pO3pHBY OKPEMHX TPOCIB.

MeXaHi3M BILNIMBY 3MiHl/l BﬂaCTl/lBOCTeﬁ I'YMHU Ha TUCK BCTaHOBJIFOETHCS CTaH TATOBOI'O OpraHy 3
ypaxyBaHHSIM PO3PHUBY CYLIJIBHOCTI Tpoca Ta 3MIHM BJIACTHBOCTEH FyMH. YpaxXyBaHHs 3aJIC)KHOCTI
HaMpy»XeHO-1e(pOPMOBAHOr0 CTaHy KaHATa 3 JIOKAIBbHHMHU MOPYIIEHHSIMH TPOCOBOI OCHOBH BiJl 3MiHH
MEXaHIYHMX BJIACTUBOCTEH T'yMH 3a0e3ledye MOXKIJIMBICTb MPOTHO3YBAaHHS HAIPY)KEHOrO CTaHy
KaHaTa JUIsl MiJBUIICHHS O€3MeKH Ta HAAIHOCTI BUKOPHCTAHHS T'YMOBOI TSTH Ky30Ba, IO MaOTh
3HAYHMIT TEPMIH CITYKOH.

Kurouosi cioBa: ryma, po3puB Tpoca, Halpy>KEHHUi CTaH, BAHTOBHI KaHaT.
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KaHaTa 3 o0puBoM Tpoca // OmipmaTepiaiis i Teopiscnopyd: Hayk.-Tex. 30ipH. — K.: KHVBA,
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Posensidacmbes 00un 3 aneopummie OYiHKU I GUSHAYEHHS Memoody NOPUGiE OKpeMux mpocie
6aHMO6020 KAHAMY.

Taba. 0. L. 2. Bi6miorp. 13Ha3B.

UDC 622.673

Belmas 1.V., Tantsura A.l., Bilous O.l., Shvachka A.V., Gupalo U.Yu. Investigation of a static
rope with a cable break // Strength of Materials and Theory of Structures: Scientific-and-
technical collected articles. — K.: KNUBA, 2022. — Issue 108. — P. 349-359.

One of the algorithms for estimating and determining the method of gusts of individual cables of a
cable-stayed rope is considered.

Tabl. 0. Fig. 2. Ref. 13.
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