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Within the framework of the main provisions of the theory of thermoelasticity, a theoretical
modeling of the phenomenon of generation of high-gradient fields of tangential thermal stresses in
a two-layer structure of an asphalt concrete pavement on a rigid cement concrete or metal base
under conditions of a change in the temperature of the system during its seasonal and daily
differences was carried out. As is shown, they are the main reason for the occurrence of plastic
deformations in the edge zones and subsequent delamination of the structure in them. It is
proposed to diminish the concentration and level of generated shear stresses by reducing the
thickness of the asphalt concrete layer in these areas.

Key words: asphalt concrete pavement, rigid base, high-gradient shear stresses, local
delaminations.

1. Introduction. As the experience of operation of roads and bridges in
countries with large temperature fluctuations shows, the most intense
manifestations of the effects of cracking, local destruction and general
degradation of asphalt concrete materials occur in their structures in winter and
summer seasons [1, 5,8, 11]. Under conditions of frequent temperature
changes in heterogeneous asphalt concrete structures with thermomechanical
incompatibility of their components, these defects can contribute to their
accelerated aging. At the same time, with the thermomechanical compatibility
of materials, a more favorable distribution of internal stresses of thermal and
mechanical origin is achieved, which excludes premature degradation of the
strength of the contacting phases and the entire structure as a whole.

Among the most common phenomena in practice, accompanied by
delamination, subsequent cracking and destruction of the asphalt concrete
pavement on a rigid (cement concrete or metal) base of a road or bridge, is the
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effect of concentration of shear thermal stresses between the pavement and the
base in the edge zones of the structure [2, 3]. They are caused by the fact that,
as a rule, the coefficients of linear thermal expansion (CLTE) of coating 1 and

base 2 (Fig. 1) have different values oV and a®), which contributes to the
occurrence of incompatible shrinkages and expansions in them [6,9, 12,
14, 15]. The disadvantage of attempts to strengthen the structure in these
places by increasing the thickness of coating 1 or its modulus of elasticity is
that, as shown by calculations [1-3], this only leads to negative consequences -
a localized increase in shear thermal stresses in the edge zones [1, 15].
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Fig. 1. Cross-sectional diagram of asphalt concrete pavement 1 on rigid base 2 of a road or bridge

It is shown below that a decrease in the concentration of high-gradient
tangential thermal stresses and prevention of the delamination effect can be
achieved by linearly varying thinning of the upper layer in the peripheral areas.

2. Features of thermoelastic deformation of a two-layer plate with
comparable stiffness characteristics of the layers. A clear example of the
occurrence of shear thermal stresses in layered structures with a change in
temperature 7 is a bimetallic strip of unit width and length L, consisting of two
connected metal layers 1 and 2 (Fig. 2) with different values of their

thermomechanical parameters (coefficients of linear thermal expansion o(”

and a® and modulus of elasticity £ O and E® ), used in various electrical
appliances.
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Fig. 2. Crosssectionsof a bimetallic plate in the initial (a) and thermally deformed (b) states

In the initial state at 7 =0 bimetallic plate is not deformed and longitudinal
strains 89) and 8&2) in its layers are equal to zero (Fig.2(a), Fig. 3(a)).
Therefore, the longitudinal forces are also equal to zero

NY =0, N? =0 (1)

as well as tangential forces 7D 2

- Ty between the layers of the plate
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=0, =0 2)
In equalities (1)
NO = 6Op0 | NG — @50 3)

where GS), csf) — longitudinal stresses in layers 1 and 2.
However, if the temperature of the entire system has changedby AT , then
in each of the layers thermal strains of different magnitudes are generated
el = oy AT, ) = 0,AT, (4)

which, due to the difference o and o'? are incompatible and lead to
different thermal elongations of the layers. But since the layers are connected
to each other along the line of contact, in order to combine their deformations
and displacements, elastic tangential forces rgy) ,rg) are generated in them
between the layers (Fig. 3), which lead to the occurrence of additional elastic

strains & ¢
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Fig. 3. Conditionally separated layers of a bimetallic plate in the initial (a)
and thermally deformed (b) states

In this case,

1 1
e () =l (0) +e) (),

e X,

®)
2 2
6 (0) = €2 () + 07 (),
and the longitudinal forces are determined by the equalities
NO () = EDRD (60 () —a VAT |, ©

NP (x)= E®p?® [8&2) (x;)— oc(z)ATJ
in every section x =x; of the system.

Conditionally separate by section x=ux; from the system its right side

x; <x< L (Fig. 4). Since only forces NV (x;) and N )(C2) (x;) act on itand it is
in balance, so

NO(x)+ N (x)=0. 7)
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Therefore, the forces N)(Cl)(xl») and N)(Cz) (x;) are equal in modulus and
differ in signs, i.e.

NO(x)=-NP(x,). )
N g ~1
\ ®
\
\ M-
2 N® A2

Fig. 4. Equilibrium of separated parts of the plate

In this case, one of the layers is compressed (it shortens), the other is stretched
(it lengthens). In order to combine the short part of the system with the long one, it
is necessary to bend them and attach the short part to the long part from its inner
side (Fig. 5). These curvatures are achieved due to variable tangential forces

rij) (x)=- tg) (x) (Fig. 5b) acting on the contact surfaces of the layers.
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Fig. 5. Scheme of the action of internal forces on the separated part of the biplate with
conditionally unseparated (a) and separated (b) layers

From the condition of equilibrium of the separated layers it follows:

L
NP (x) == (x)dr,

Xi

. )
NP (x) =-[ 3 (v)dr.

Taking into account expressions (5)-(8), we obtain the equality
e [89) (x)- oc(l)TJ hD =—g® [8&2) (x)- oc(z)TJ h?, (10)

which relates the total and temperature deformations of layers 1 and 2. Here it
is necessary to take into account that both layers are metallic, therefore, the
values of their elastic moduli can have the same orders, although in this case

the coefficients o) and o should be significantly different.

3. Thermoelasticdeformation ofrigid asphalt concrete pavement. The
mode of thermoelastic deformation of a two-layer structure undergoes
significant changes if the stiffness characteristics of one layer are much higher
than those of the other layer. An example of such a design can be a system of
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asphalt concrete pavement 1 laid on a rigid (cement concrete or metal) base 2
of a road or bridge (Fig. 1). As in this case

EDpE® (11)
and the rigidity of base 2 is much greater than the rigidity of layer 1, it can be
assumed that the force and deformation effect of layer 1 on base 2 is negligible
and when temperature T changes, base 2 is freely deformed along axis x,
without experiencing thermomechanical influence of deformations from layer
1 on it and remaining rectilinear. In this case, the total strains ofbase 2

areequaltoitsthermalstrains 85(2} = aP AT, and total strains SS) of layer 1 and

8&2) of base 2 are the same, i.e.

1 1 1 2 2
sg) = Sg,)r + sg,)el = 8§ ) = Sg%w (12)

To analyze the thermomechanics of this design, single out a two-layer strip
of this structure bythe cross sections z=z;, and z=z;,, and consider its

deformation.
In this case, the longitudinal force in layer 1 is equal to

N)(C])(x) = DO [89) —a(])AT} = gDpM (a(z) - a(]))AT =const, (13)

idest, it does not depend on x and does not change along this axis.

If so, then the integrals on the right-hand sides of equalities (9) do not
depend on the lower limit and remain constant. This can happen,only if on
most part of the segment of the contact interaction of layer 1 and base 2 of
length L—Ax of the roadway (Fig. 6), tangential forces t,, (x) in integrands
are equal to zero and only on small segments of length Ax at the edges of the
system, these forces are concentrated and take on such large values that the

integrals of them are equal to the constant longitudinal force N)(Cl) :

L
[ 1 Ddx = NO = EORO (o — W) AT, (14)
L—Ax

These forces are proportional to the modulus of elasticity EW | coefficient

differences 0¥ —a" and, importantly, the thickness of the coating W e
increase with its increase. Very often they cause delamination of the coating 1
from the base 2 observed in practice at the edges of roads and bridges.

Conversely, a decrease in tangential friction stresses rgy),rg)

friction forces corresponding to them, contributing to the delamination of the
system at the edges of the contact plane of coating 1 and base 2, can be achieved,

and the resulting

in accordance with formula (14), by reducing thickness 1V . However, it is not

necessary to reduce 4 across the entire width 2L of theroadway coverage. It is
enough to do this on small edge sections of the road or bridge with a width of /,
decreasing the thickness according to a linear law (Fig. 7).
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Fig. 6. Diagram of the concentration of tangential forces ri‘y) (x), rii) (x)

at the edges of the road
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Fig. 7. Cross-sectional diagram of an asphalt concrete pavement
with variable thickness A" (x)

In this case, on the inner segment of constant thickness WY size

accordingtoformula (14) force N§1) =gWp® (a(z) —a(l))AT remains
constant, shear stresses rgy) (x), rg) (x) will be equal to zero, and in areas of

variable thickness 4" (x) they will be smoothly distributed due to the change

h(l)(x) , remaining smaller in absolute value in accordance with the form of
the right side in equality (14) (Fig. 8).
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Fig. 8. Scheme of uniform distribution of tangential forces ri‘y) (x), rii) (x)
in sections of length / of contact coating of variable thickness A" (x) on rigid base 2

If length / is chosen such that forces rgy) (x) are less than the ultimate tensile

strength [rf)y) J of the asphalt concrete material under shear, then the delamination

of layer 1 from base 2 will not occur under the given thermal effect.
4. Finite element verification of thermal deformation features of a two-
layer structure. The above results of the analysis of thermoelastic
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deformation of an elastic layer on a rigid basis were obtained by methods of
strength of materials and are of a qualitative nature. To confirm them, it is
advisable to carry out numerical calculations of the test problem based on the
theory of thermoelasticity [7, 10, 13], for example, using the finite element
method [4]. For this purpose, a simplified design scheme of the cross section
of the Southern Bridge across the Dnieper in the city of Kyiv was chosen. On
it, with some regularity, an emergency situation is observed associated with
intense cracking and delamination of the asphalt concrete pavement from the
metal sheet of the bridge structure as a result of seasonal and daily temperature
changes in winter and spring.

For the calculation, a flat cross section of the bridge deck was selected,
consisting of a fine-grained asphalt concrete layer 1 with a thickness

7Y =0.07m, laid on a steel ribbed plate 2 (rigid base) with a thickness
h® =0.014 m . The values of thermomechanical characteristics for asphalt
concrete amounted to £® =5-10°Pa, v(V =0.2, al) = 2.46'10_5K_1; for
steel E? =2.1'10”Pa, v =03, a® =1.3-10° K!. Insofar as E@ is

essentially larger EY and besides, the metal plate is reinforced from below
with ribs, it can be considered that for the top coating it is a rigid base.

With finite element discretization of the area of the cross section of the
structure selected for calculation, it was divided in the plane Oxy into

rectangular finite elements of size 0.001875x0.001444 m?. With this

discretization, the number of all finite elements was 201344, the number of all
nodes was 311787, and the number of all required variables was 726941.

The study of the thermally stressed state of the system was carried out
taking into account the fact that the structure is extended (2L ~15 m ), but has

a relatively small thickness (A= Y + 73 =0.07+0.014 =0.084 m ).
Therefore, it turned out to be appropriate to use additional assumptions and
simplifications. Due to the fact that the structure is freely blown by the wind
and we can assume that the effect of radiative solar heating in winter (and even
at night) can be neglected, we assume that with daily changes in air
temperature, the temperaturesof the upper (asphalt-concrete) and lower (metal)
layers have time to level off and take the same temperature 7 over the entire
thickness of the package.Due to this, in this case, there is no need to solve the
heat conduction problem and one can immediately use the finite element
model ofthermoelasticity equations [1, 4], in which the initial temperature 7

is zero, and its current value T'(¢) is equal to the ambient temperature.
Therefore, the initial and current temperatures of the entire array were taken
equal to 7, =0, AT =-25"C. At the same time, on all horizontal boundary

planes of the structure, the boundary conditions for the equality to zero of the
normal (o, ) and tangents (o, ) stresses, on the extreme vertical planes of
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the layered web, the conditions were used o, =0, Gy = 0, on the plane of

contact of the layers, the conditions of equality of normal and tangential
displacements were accepted. In addition, constraints were imposed on the
system, excluding its free movement, but not preventing its thermal
deformation. Therefore, thermal stresses in the system can only occur due to
the difference in the values of the thermal expansion coefficients of asphalt

concrete (oc(l)) and steel (oc(z) ).

As expected, the calculations showed that the areas of the most
inhomogeneous strain and stress fields occur in the edge zones of the structure.
Noteworthy is the function t,,(x,y) distribution field in section z = const. In

Fig. 9, a fragment of the stress t,,(x,y) field is shown in coloron the left

section of the structure with a length Ax ~0.2 m along the axis Ox. To the

right of the field, there is a color scale of stress values corresponding to each
color shade on the main field.

0™ = +586297 Pa o o= —1017246 Fa

il R
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Fig. 9. Shear stress 7,, field in cross section z = const of the double layer construction

In this figure, the maximum value of the function rgy) (x,y)=1.586 MPa in
asphalt pavement 1 is marked with a light circle, the highest stress
rgci) (x,¥)=1.017 MPa in the steel base is indicated by a dark circle. As can

be seen, these stresses are concentrated at the nodes of the edge zone
Ax<0.03m and then rapidly decrease with distance from it along the

coordinate x. It should be noted that here rgy) # rgé) . This is due to the fact

that when using the finite element method, the stresses are calculated not at the
nodal points, but at the internal points of the elements, i.e. at some distance
from the contact plane, where these stresses coincide in absolute value. Since
this function has large gradients in this zone, even a small distance from the
plane of contact between layers 1 and 2 leads to noticeable changes and

. - 1 2
discrepancies in the values rgcy) and rgry).
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Thus, the conducted finite element analysis confirmed the conclusions
obtained by the methods of strength of materials that in a two-layer structure
consisting of an asphalt concrete pavement layer laid on a rigid foundation of a
road or bridge, the largest tangential thermal stresses occur in a narrow section
of the layer contact plane, within which these stresses have high gradients and
practically tend to zero with distance from this zone. These stresses in this
zone can be the reason for the beginning of delamination of the structure in the
plane of contact between the layers.

Conclusions

1. On the basis of the theory of thermoelasticity, the problem of the
concentration of thermal stresses in a two-layer structure, consisting of the
upper asphalt concrete layer of the road surface, laid on a rigid cement
concrete or metal foundation of a road or bridge, was posed.

2. In order to determine the reasons for the delamination of this structure
observed in practice under thermal influences on it under conditions of seasonal
and daily temperature changes, the dependences of internal normal and
tangential thermal stresses on the thermomechanical characteristics of the system
and its geometric parameters were found using the strength of materials methods.

3. The connection of this problem with the problem of elastic deformation of
a bimetallic plate is considered. It is shown that, in contrast to this case,
thermoelastic deformation of the upper layer on a rigid base is accompanied by a
high-gradient concentration of tangential thermal stresses in the edge zones of
the layer contact plane. These stresses can be the main reason for the beginning
of the delamination of the asphalt concrete layer from the lower base and its
further destruction. Manifestations of the established effect become more
noticeable with an increase in the elastic modulus of the upper layer, its
thickness and the difference in the coefficients of linear thermal expansion. The
finite element testing of the performed calculations confirmed their reliability.
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Taioaiiuyk B.B., nons H.B., lllesuyk JI.B., Binobpuyvka O.1.
TEOPETUYHE MOJEJIOBAHHSI E@EKTY TEPMOCHUJIOBOI'O BIAIIIAPYBAHHSI
AC®AJBTOBETOHHOTI' O MMOKPUTTS BIJ ’)KOPCTKOI OCHOBH JIOPOI'A YA
MOCTY

VY mpakTemi IOpPOXKHBOrO OyHIBHHLTBA JO OAHOrO 3 HAWMOMIMPEHIMMX SBHII, IO
CYNIPOBO[DKYETbCSL  BIAIIAPYBAHHSAM, MOJAIbLIMM TPIIIMHOYTBOPEHHSAM Ta pPyHHYBaHHIM
acasbTOOCTOHHOIO TMOKPUTTS HAa JKOPCTKiM (L[eMEHTOOCTOHHIH YW MeTaleBiii) OCHOBI
ABTOMOOUIBHOI JOPOrH ab0 MOCTY, BiTHOCHTHCS €(EeKT KOHLEHTpALIl 3CyBHHX TEPMOHAINPYKCHb
MDK TOKPUTTSM I OCHOBOIO B KPailOBHX 30HaX KOHCTPYKLii. BOHM BHKIMKArOTBHCS THM, IO, SIK
IpaBmIoO, KOoe(ilieHTH IIHIHHOrO TEeMIIepaTypHOr0 PO3LIMPEHHs (a3 CHCTEMH MAaloTh pi3Hi
3HAYEHHS, L0 CIPHs€ BUHUKHCHHIO B HUX HECYMICHHX yCaJOK Ta po3IUHMpeHb. B ymoBax gactux
3MIH 3HAa4YeHb TEMIEpPAaTYypH B  HEOAHOPIAHMX  ac(ajbTOOCTOHHHX  KOHCTPYKLIAX 3
TEPMOMEXaHIYHOI HECYMICHICTIO iX KOMITOHEHTIB Ii e)eKTH MOXYTh CIPHUSITH 1X IPUCKOPECHOMY
cTapiHHO. Y TOM JK€ Yac MpH TEPMOMEXaHIuHii CyMICHOCTI MarepiayiiB J0CATAEThCS OLIbLI
CHPUATIMBHI PO3MOAIT BHYTPIMIHBOI HANPyrH TEPMIYHOrO i MEXaHIYHOTO IOXOKCHHS, IO
BHKJIIOYAE [EPeIUacHy Aerpafaliilo MillHOCTI KOHTAKTYIOUYHX (a3 i BCbOro KOMIIOHEHTA B LIJIOMY.
Meroaamu OMOpy MaTepialiB i METOAOM CKiHYEHHHX EJIEMEHTIB BCTAHOBJICHO, IO B YMOBax
3MIHHM TEMIIEpaTypH CHCTEMH MpH ii CE30HHHMX Ta J00OBHX Iepernanax HalOIbIIoi KOHIEHTpaLil
HiaI0ThCST JOTHYHI Hanmpyru. BoHu JIOKami3yloThesl B KpaloBii 30HI IUIOMIMHH KOHTAKTY ILIApiB,
3pOCTAIOTH 13 301IBLICHHSIM TOBIMHH Ta MOIYJSL IPYKHOCTI BepXHbOro mapy. L{i HanpyxkeHHs €
OCHOBHOIO MPHUYMHOI BUHHUKHCHHSA IJIACTUYHUX L[e(bopMauii?l Yy LOUX 30Hax Ta IMO4AJbIIOro
po3lapyBaHHsS B HHX KOHCTPYKIi. 3amnporoHOBaHO 3HMKYBAaTH KOHLEHTPALD Ta piBEHb
BHCOKOFpaL{iCHTHl/lX JOTUYHUX HAIPYKCHb, IO I'CHEPYIOTHC, 3a PAXYHOK 3MCHIICHHS TOBIIWH
ac(hanbTOOCTOHHOrO MIApy Ha [HX ALTTHKAX.

KarwuoBi ciaoBa: achaibroOCTOHHE MOKPUTTS, TBEpJa OCHOBA, BHUCOKOTPAIi€EHTHI 3CYBHI
HaIpy>XeHHsl, JIOKAJIbHI BiJlIapyBaHHSI.

Gaidaichuk V.V., Shlyun N.V. ,Shevchuk L.V., Bilobrytska O.1.
THEORETICAL MODELLING OF THE EFFECT OF THERMAL DELAMINATION OF
AN ASPHALT CONCRETE PAVEMENT FROM A RIGID FOUNDATION OF A ROAD
OR BRIDGE

In the practice of road construction, one of the most common phenomena accompanied by
delamination, subsequent cracking and destruction of the asphalt concrete pavement on a rigid
(cement concrete or metal) base of a road or bridge is the effect of concentration of shear thermal
stresses between the pavement and the base in the edge zones of the structure. They are caused by
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the fact that, as a rule, the coefficients of linear thermal expansion of the phases of the system have
different values, which contributes to the occurrence of incompatible shrinkages and expansions in
them. Under conditions of frequent temperature changes in heterogeneous asphalt concrete
structures with thermomechanical incompatibility of their components, these effects can contribute
to their accelerated aging. At the same time, with the thermomechanical compatibility of materials,
a more favorable distribution of internal stresses of thermal and mechanical origin is achieved,
which excludes premature degradation of the strength of the contacting phases and the entire
system as a whole. Using the methods of strengthof materials and the finite element method, it has
been established that under the conditions of a change in the temperature of the system during its
seasonal and daily fluctuations, shear stresses are subjected to the highest concentration. They are
localized in the edge zone of the plane of contact between the layers and increase with an increase
in the thickness and modulus of elasticity of the upper layer. These stresses are the main reason for
the occurrence of plastic deformations in these zones and subsequent delamination of the structure
in them. It is proposed to reduce the concentration and level of generated high-gradient shear
stresses by reducing the thickness of the asphalt concrete layer in these areas.

Keywords: asphalt concrete pavement, rigid base, high-gradient shear stresses, local
delaminations.

Tanoaiiyyk B.B., [Lnions H.B., [llesuyk JI.B., bunobpwiyvka E.H.
TEOPETUYECKOE MOJAEJIUPOBAHUE 3®PEKTA TEPMOCHJIOBOT'O
OTCJIOEHUS AC®AJIBTOBETOHHOI'O IMMOKPHITUS OT )KECTKOM OCHOBBI
JOPOI' LJIM MOCTA

B mpakTHKe DOPOXKHOI'O CTPOUTENLCTBA K OJHOMY M3 Hamboiee 4acTo BCTPEYAOIIUXCS
SIBJICHUH, COIPOBOXKAAIOLIMXCS ~ OTCIOCHHEM, IOCICAYIOUMM  TPEIHHOOOPA3OBaHHEM U
paspyiieHueM — ac(haibTOOCTOHHOrO  TOKPBITHS HA  JKECTKOM  (LlEMEHTOOETOHHOM  WIIH
METAJUIMYECKOH) OCHOBE aBTOMOOMJIBHOM JOPOrM MJIM MOCTA OTHOCUTCA 3(P(EKT KOHLEHTpaLUU
CIABHUTOBBIX TepMOHal’lpﬂ)KeHl/lﬁ MEXKAY INOKPBITUEM H OCHOBOﬁ B KpPAac€BbIX 30HAX KOHCTPYKIIHH.
OHHM BBI3BIBAIOTCS TEM, YTO, KaK MPaBHJIO, KOIX(PQPHULUHUEHTHl JMHEHHOro TEMIIEPaTypHOI0
paciiupenust a3 cHCTeMbl HMEIOT pa3Hble 3HAYCHHS, YTO CIIOCOOCTBYET BOSHUKHOBEHHIO B HUX
HECOBMECTHBIX YCAaJIOK M paclIMpeHHil. B yclIOBUSX 4YacThIX CMEH 3HA4Y€HUIl TeMmIiepaTypsl B
HEOIHOPOAHBIX ac(harbTOOCTOHHBIX KOHCTPYKLHMSX C TEPMOMEXAaHHYECKOH HECOBMECTHMOCTBIO
UX KOMIIOHEHT 3TH 3QPEKThl MOI'YyT CIIOCOOCTBOBATh MX YCKOPEHHOMY CTapeHH:0. B Toxe Bpemst
IPH TEPMOMEXAaHHYECKOH COBMECTHMOCTH MAaTepHAlIOB [OCTHraercs Oojee OJIarompusTHOE
pacnpeacii€Hue BHYTPEHHHUX Hal'lpﬂ)KCHl/lﬁ TEPMUYECKOI0 U MEXAHUYECKOI'0 IMNPOHCXOXKIACHUS,
HCKIIIOYAIOIee HPEKICBPEMEHHYIO —AErpajalidio IMPOYHOCTH KOHTakTUpyromux (a3 u
BCeﬁCHCTeMbI B IICJIOM. Me’TOL[aMl/l CONPOTUBJICHUA MaTCPHUAJIOB U METOAOM KOHEYHBIX 3JICMCHTOB
YCTaHOBJIEHO, YTO B YCJIOBUAX U3MECHCHUA TEMIICPATYPbI CUCTEMBI IIPU €€ CE30HHBIX U CYTOYHBIX
nepenagax, HauOONbIIEH KOHLEHTPALMM IIO/BEPraloTcsl KacaTelbHble HanpskeHus. OHH
JIOKAJIU3YIOTCSI B KPACBOH 30HE IIOCKOCTH KOHTAKTa CJIOCB, BO3PACTAIOT C YBEINYCHUEM TOJIIIHMHbI
M MOAYJS YIPYrOCTH BEPXHEro CJIOs. OTH HANpsDKEHHs SBJISIOTCS OCHOBHOW IPHUYUHOM
BO3HHKHOBEHUS [UIACTHYECKUX AedopManuii B 3THX 30HAX M MOCIEYIOLIEro PacCIOCHHs B HHUX
KOHCTPYKUMHU.  IIpeyio)KeHO  CHMXKAThb  KOHLEHTPALMIO M YPOBEHb  I'€HEPUPYEMBIX
BBICOKOI'PaAUCHTHBIX KacaTelIbHbIX Hal'lpﬂ)KCHl/lﬁ 3a CUeT YMCHBIICHUSA TOJIIIHUH
ac(hanbTOOCTOHHOTO CIIOSI Ha 3THX YYacTKaX.

KiroueBble cioBa: achaibToOETOHHOE MOKPHITHE, TBEPAAs OCHOBA, BBICOKOIPAIHMCHTHBIC
CABUTOBBIC HAIIPSOKEHUS, JIOKAJIBHBIC OTCJIOCHUSA.
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Taioatiuyx B.B., lmons H.B., lllesuyx JI.B., Biroopuyvka O.1. TeopeTHYHe MO/eIIOBAHHS
edexTy TepmMocWIOBOro BinmapyBaHHsi achajabTO0eTOHHOT0 TOKPHTTS BiJ IKOPCTKOL
OCHOBH Joporu 4u Mocty // Omip MarepiaiiB i Teopist cnopy: Hayk.-tex. 30ipH. — K.: KHYBA,
2022. — Bun. 109. — C. 38-49.

Y cmammi  nagedeno pesyrbmamu  meopemuuHO20 MOOEMOBAHHS  ABUWA  2eHEPYBAHHS
BUCOKOSPAJICHMHUX — NOMIE  OOMUYHUX — MepMOHanpye —y  080Wapoeiti  KOHCMpPYKYil
acharbmobemonHo20 NOKPUMMSL HA JHCOPCMKIU YeMeHmoOemontiti abo Memanesiii OCHO8l 6
YMO8aX 3MiHU meMnepamypu cucmemu npu ii ce30HHUX ma 00008UX nepenaoax.

In. 9. Bi6niorp. 15 Hass.
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Gaidaichuk V.V., Shlyun N.V., Shevchuk L.V., Bilobrytska O.I. Theoretical modelling of the
effect of thermal delamination of an asphalt concrete pavement from a rigid foundation of a
road or bridge // Strength of Materials and Theory of Structures: Scientific-&-Technical collected
articles — Kyiv: KNUBA, 2022. — Issue 109. — P. 38-49.

The article presents the results of theoretical modeling of the phenomenon of generation of high-
gradient fields of tangential thermal stresses in a two-layer structure of an asphalt concrete
pavementon a rigid cement concrete or metalbase in conditions of changing system temperature
during its seasonal and daily differences.

Fig. 9. Ref. 15.
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Tavioatiyyx  B.B., Ilwonws H.B., Ileeuyx JLB., burobpuiyvka E.J. Teopernyeckoe
MojeaupoBanue 3(dexTa TepMOCHIOBOro 0TCJ0eHHs Ac()aTbTOOETOHHOrO TOKPBHITHS OT
JKeCTKOH OCHOBBI JOpPOrH WM Mocta // COnpoTHBICHHE MATEPHAIOB U TEOPHS COOPYIKEHHUI:
Hay4d.-TeX. cOopH. — K.: KHYCA, 2022. — Bein. 109. — C. 19-30.

B cmamve npusedenvl pe3ynbmamosl meopemuyecko20 MoOeIupo8anue AeneHus 2eHepuposanus
6bICOKOZDAOUECHMHBIX NONel KACAMENbHbIX MEPMOHANPSANCEHU 6 OBYXCIOUHOU KOHCMPYKYUU
acpanbmobemonnozo NOKPLINMUsL HA JCECMKOU YEMEHMOOEeMOHHOU Ul MEMALIUYECKOl OCHOBE 6
VCOBUAX USMEHEHUsS. MEMNEPANmMypbl CUCIEMbL NPU ee CE30HHbIX U CYIMOYHBIX NEPEnaax.

WUn. 9. bubauorp. 15 Hass.
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