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MODELING OF CONTACT STRESSES IN VIBRATION PLATES AN D HOT
ASPHALT MIX FOR ROAD SURFACING REPAIRS

Statement of the problem.The quality of works on repair of road surfacirgfsa flexible type
depends on the properties of the used materiaparaimeters of the machines for sealing. Opera-
tional requirements are achieved by a combinatiostresses in the zone of contact of a working
body of the machine and strength characteristitheMmaterial. Justification of effective choice of
parameters of the slab with consideration of thengith characteristics of the material is impossi-
ble without the analytical dependence of influenteonstructive and force parameters of vibrat-
ing slabs on the magnitude of stresses.

Results Obtained the analytical dependence of the infleesf constructive and force parameters
of vibrating slabs on the magnitude of stressethénzone of contact of the slab with a working
body.

Conclusions.The obtained dependence of the influence of coctbiiiand force parameters of
vibrating slabs on the amount of contact stresbeasone to scientifically substantiate the choice
of the parameters of vibrating slab with accounthef strength characteristics of sealing materials

and provide a higher quality of road surfacing repa

Keywords: vibrating plate; contact stresses; balance equati@u surfacing repairs.

Introduction. Higher traffic intensity accompanied by a highead carrying capacity of ve-

hicles results in larger loads on road surfacings a@fects changes in transport and operating
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characteristics and an increasingly deterioratiogddion of highways. The cause of worse
transport and operating characteristics of highways be many other things that depend on

the quality of a material being applied and comreiitrto road surfacing requirements.

There can be plastic deformations and failures saglpotholes, subsidence, cracks and
wavy bumps. This results in lower speeds, higheradyic transmission loads and compro-
mises traffic safety. The analysis of road surfgaondition showed that there is a need for
routine maintenance works of 2—3 % of the totalaaof a highway after a short period of
time [1]. Road potholes compromise traffic safdtg tmost. A material used to address
these defects should be identical and in accordamtiee requirements for density, strength,
water-tightness, evenness and roughness of ther pajb of surfacing. Therefore potholes
are repaired if the surface in small parts of dasuig fails to comply with the above re-
guirements. There are guidelines set out for the ef potholes and periods for addressing

these defects on road surfacing [2].

The technologies used for maintaining and repairagl surfacings vary. A choice of a certain
technology is determined by construction parameiéthe roads, surfacing material, weather

conditions, amount of works to be carried out, sypedefects and tools available [3].

Hot asphalt mixes are most common in pothole repafimon-rigid surfaces. The quality of
works depends on weather conditions, properties wfaterial and commitment to tempera-

ture modes as well as a well-informed choice ofpgi@ameters of compaction machines.

The analysis of the use of vibration plates for pagtion of asphalt concrete mixes in pothole
repairs of road surfaces suggests that they argeohwith no regard to the effect of construc-
tion and strength parameters of the plate on itepaztion capacity which is dependent on

contact stresses between the plate and material.

Compaction machines are known to run smoothly wtmmtact stresses over the operating
body of the machine agree with the strength pararsetf a compaction material. The effect
of the parameters of vibration plates on compadgoinvestigated by V.N. Vladimorov and
N.Ya. Kharkhut [4].

The obtained dependencies for calculating contiiesses were based on the experimental

material during the compaction of subbases andavate calculation of compression stresses
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only. They do not help identify shear stressestakd no regard of how construction parame-
ters of vibration plates and rigidity of the loweaise layer. No connection was revealed be-

tween geometric parameters of plates and contassss.

The fact that there are no analytical dependertoiealculate contact stresses under the vibra-
tion plate is not helpful in the right choice okthparameters considering construction and

strength characteristics of a material being conguhc

1. Statement of the problemIn order to establish the dependence of the effecbnstruc-
tion and strength parameters of vibration platesamtact stresses, the interaction of the vi-

bration plate and material being compacted was freati@-ig. 1).

Hz

Fig. 1. Schematic of the interaction of the vibration elat

and the material being compacted

The calculation scheme uses the following designatiQ is the mass of a vibration pla;

is the width of the bottom of the vibration plafeis pushing effortp is a contact angle be-
tween the plate bottom and the materg@ahre normal stresses;are shear stresseg;is the
angle of this point at the contact area of theerpX andY are coordinate axi§ is constrain-

ing force; w is the oscillation frequency;is the time;a, B, v, v are angles describing the
geometric parameters of the vibration platas the variable of the angle describing stresses

at the plate-material interaction arég;is the thickness of the material being compacteat pr
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to compactionH. is the thickness of the material following the gaction;h is the distance
from the bottom of the plate to the applicationtloé pushing forcel; andl, is the distance

from the center of gravity of the vibration plateat curve in the bottom of the plate.

The following assumptions were made in the modedifthe interaction of the vibration plate

and the material being compacted:

- the center of gravity of the vibration plate and foint of the application of the
constraining force of the vibroexciter are at thme point;

- contact stresses over the plate are towards tiné @fdine application of the exterior
forces;

- contact stresses over the plate are even whictvalibe calculation of stresses to

be identical to those in flat tasks.

Generally, the stress condition of the materiatiplarin the plate-material area is given by
0=0,+T,, MPa,
whereoy, 1y are normal and shear stresses under the effdut ekterior forces along andy.

2. Designing an analytical model based on balancgueations. Based on a balance equation
for the stress state of a particle in the plateemi@tarea considering the initial and boundary
conditions, the way the plate and material interagiven by a system of equatioh®t us

accept that there is a dependence between normhahagential stresses
T=po+C, MPa,

wherepu is the interior friction coefficientC is the adhesion coefficient. Depending on the
location of the gravitational centre in relationth@ bottom of the plate and its symmetry axis

the numerical value of the anglgsndy is determined from the expressions
B=arctg (%) y= arctg(wj ,

wherek is the coefficient that depends on the locatiomftbe gravitational centre of the vi-
bration plate the numerical value of which rangesnf 0 to 1] is the total length of the bot-

tom of the vibration plate. Let us accept thatl, =r.
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Based on the condition of the stressed state legléme interface of the plate and the material can

be given by the following system of equations cdesng the initial and boundary conditions:
a a B
IX =0; [oBrisin@-a)e+ [TBrising-o o+ [oB|Csing-p Hp+
0 0 a
y U U
+_[csBI2 [Sin(y—@)do+ _[oBr [sin@— Y o+ IcBrEbos@—w Y-
B y y

B y
—JrBIldm—jrBlzdwz Pleos(w) - T;
a B

a a g
2Y =0; joBrE:os(p—a Yo+ J.T Brisin@—a Jp+ Io B) Ocosf— dp+
0 0 a
Y U U
+J'oBI2 [Cosfy— )Xo+ J'oBr Ccos — @ Yo+ J.TBYDSirlLI - do=
B y y
=Q- PGin(w).
The initial conditions look like
o,=1,=0if ¢g=0o0rg=3.
The boundary conditions are

Ty 0y =Ty3=Oy5 Ty, 10, =0 5if ¢=0;

do ) _ . .
Ydt=0, T, =Ty if @=a +B;

Ty t0,, =Ty tO0,6~Tyeg Ovs=TytO if @=a+B+y.
The following function is an approximation functiohthe stress function
o(9) =3 +ae+ay’ + ay’, MPa.
Considering the initial conditions, we have theftioent ag: ag= 0.

Let us transform the system of equations. In otdedlo so, let us insert the approximation
function under the integrals and divide the progexs of the exterior forces into the contact

surface of the plate and introduce the designafimnthe numerical values of the integrals:
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1) e0[0;a]:

K, = TmBin(cp—a)d(pz sim —a,

U, :j(pﬁtoscp—a Xo=1- cofa) ,

M, :]x.(p2 Bin(@-o)de=-0%+ 2(1— C05(0()) ,

\/1:J'(p2 [cos@p—a o= Ja - sia)) ,
N, :j.(p3 Bin@@-a)de= 6(a - sinft )-a®,
V\/lzjcpSE:os@p—a Jo= 3x°+ € cofa)- )L ;

2) ¢O[o;B]:

K, =fcpE$in(cp-B)dcp=or cofa -B)-B+ sing-a ),
M2=Tcp213in(cp—ﬁ)dcp= 2-p?+(a’- 2 cofa-B)+ & siiB-a)
N2=jj(p3Bin((p—[3)d(p=q3—[33+(0(3—€o() cogo-B)+( @*- § siB-a) |,
u2=fcp@os¢p—[3)1cp= 1- coga —B)+a si-a ),
V2=j(p2 [Gosp—PB Xp= B+(a? - 3 sifB-a)-2acogp-a)

B

szj(ﬁm:os@p—ﬁ)dcpz $°- 6+(a°- &) sifp-a)+( 6 6°) cdg-a) ;

a
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3) eO[BY]:

K, =IcpE'kin(cp—v)dcp:BCOS(v—B)—v+ sing—B ),
Mgzicmin(cp—v)dcp:2—v2+(32—2) cogy-B)+ B siy-p) ,
N3:j;(p3[3in((p—y)dcp: ey-y° +(B*- @) cogy—B)+( B>~ & sifv-B) .
Uszlmﬁtos@—v)dcp: 1- cogB-y)+B sin(-B ),

A :qu [Gosfp-y )Mo= Z+(B*- 2 sify-B)-2Bcogy-p) .

vv3=f<p3moscp—v)dcp: 3°- 6+(p°~ @) sify-B)+( 6 @) cdy-B)
B

4) 0[a;B]:
U]
K, = [@Bin@e-w)do=ycofy-y)-w+ sing-y ),

g
M, = [ Bin(e-w)de=2-y’+(y*~ 2 cow-y)+ ¢ sifw-y) ,

U1}
N, = [ @ Bin(e-w)de= 6y -y’ +(y* - @) cogw-y)+( 9°~ & sitw-y) .
U}
U, = [oltosp-y o= 1~ cogy-y)+y sinf-y ),
B
Y
V, = [ @ [Gos@p-w o= 2u+(y* - 2 sifw-vy)- 2 cop-y)

W, = [ ¢ sy Xip= 3p° - 6 (v~ 8) sifw-y)+( & ) cdw-y) :
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5)
B
Ks = [edo=(B*~a?)/2;
B
KG:j(pzd(p:(Be‘—aS)/?»;

B
K, :J'(p3dcp:([34—0(4)/4;

U5=}¢dcp=(v2-62)/2,
B

U6=f<pzd<p=(v3—8‘°’)/3,
B

U, = [¢do=(v'~B")/4
B

Considering the accepted designations for the nigalaralues of the integrals and following

their grouping in the coefficients, a, and a, the system of equations is as follows

SX=0; a| K+ K+ K+ K+ K+ Ug+p(U+U ) |+
+8,| M+ M, + M+ M, + K +U —p(V+V) |+
+a,[ N+ N+ Ny+ N+ K+ U +p (W W)= R
a[ U+ U, + U+ U+ K= K |+
+a2[\/1+V2+V3+ V,+p( M- |\/|4):|+

+ag [W+W+ W+ W+p( N- N)|= R

2Y

I
e

where F =P[gos¢ot =T /(Bl) ;R= Q- Fsinft)( B) ; I=]+1,.
We will designate

L1: K1+K2+K3+K4+K5+U5+U(U 1+U A);
L4 :U1+U2+U3+U4+U(K1_K4);
L, =M, +M,+M,+M +K+U —u(V,+V);
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Ls :V1+V2+V3+V4+p.( Ml_ M4);
L3: N1+N2+ N3+ N4+ K3+ U7+U(VV1+ V\Q;
Ly =W+ W, + W+ Wep( N- N).

Considering the accepted designations and initiatltions, finding the stress functieio),
I. e. finding the coefficients;, a, andag can be reduced to solving the linear algebraitesys

of three equations:

L:lal + LZaZ + L3a3: F’
L4a1 + L5a2 + L6a3: R

da, +d’a, +8°a,=0.

The above system is solved using Kramer’'s methegdan calculating the determinants of
the matrixA, Aay, Aay, Aag:

A=3(L,Ls—LLy)-8 (LLe—LL )+ (LLLL);
Na, = 8(FLs - L,R)+&°( LR~ FL,);
Aa, = -8 (FLs - L,R) +&°( FL,- LR);
Na, =3(L,R- FLg) -8 ( LR~ FL,).

The numerical solution4, Aa;, Aay, Aag can be given in the following way:

A=B(LLs—LLy) =B (LLe—LL)+B(LLLL);
AaZ:B(FLe—LgR)w (LR~ FL);
Na, = ~B*(FL, ~ L,R)+B°( FLs— LR);
Ba, =B(L,R- FL;) =B (LR~ FL,).

Therefore, the values of the coefficients of thpragimation function are

al—Aa/ B*(FLs - L,R) +B°(FLs- LR)
B(L,Ls - |_|_) BP(LLe—LL )+B°(LL L;_)

A B(FLs - L,R)+B°( L,R- FL,)
%= a% Lo) B2 (LLe—LL )+B(LL L;_)
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aS—Aa% B(L,R- FL;)-B?(LR- FL,) |
B(L,L —LL) B*(LLe-LL)+B°(LLeL L)

Generally, the stressed state of the particle of the material at the intertheeplate and ma-

terial is given by

-8 (FL, - L,R) +&°( FL - LZR)HPZB( Fl- LR+ (LR FL)
A A
@ 5(L,R~ FLs)—A52( LR- FL4).

o=0

The above dependence suggests that the stressedfdiae particle of the material under the
bottom of the vibration plate depends on the eftédhe force factor® andF and the loca-

tion of the particle described by geometric angles.

Let us transform the obtained expression considdhe effect of the force factoRandF.
Finally, the dependence for the calculation of coespive and shear force under the vibration
plate is

_OR(L-LE) FR(LP- L) FOR(L-Lp)

OX

A A A
_GFF(LB-L) GOF(L-Lp)  GOF(LE-L)
Y A A A

The analysis of the equations shows thap ab ande =6 the components of the total stress
are zero. The obtained dependencies are in agreemignthe particular interfaces of the

plate and the material being reinforced.

Therefore, the obtained dependencies allow oneléatify the stresses (compressive and
shear ones) in any point of the interface of theephnd the material depending on technical

characteristics of the vibration plate.
Conclusions

1. The dependence was identified for the first timé¢hef effect of construction and force
parameters of vibration plates on the distributod values of stresses in the interface
of the plate and the material being reinforced.
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2. The obtained dependence allows a scientific subatemm of the parameters of vibra-
tion plates considering their construction paramsed®d strength characteristics of the
material being reinforced.

3. The use of vibration plates employing the hot métpmvides for a better quality of

road repair works.
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