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The method of sealing materials effectiveness evaluation in the repair of bituminous-concrete surface with transversal cracks
is offered. Calculation schemes and mathematical models based on the application of the thermo-viscous-elasticity theory for
the prediction of temperature stresses in the sealing material at the contact with the bituminous-concrete surface, taking into
account the thermal-technical and thermorheological properties of the materials and the geometric parameters of the bitumi-
nous-concrete slabs and the transversal crack. The obtained analytical dependences allow to estimate the service life before
the loss of sealant compound integrity or adhesive strength of their adhesion with bituminous-concrete surface taking into
account annual and daily temperature fluctuations according to the main provisions of the kinetic theory of solid bodies
strength.
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IIpoBeneHo anHaii3 HEraTHBHUX HACIIAKIB BiJl YTBOPSHHSIM TEMIIEPATYPHHUX ITONCPEUHNX TPIIUH Y achaabTOOETOHHOMY MO-
KPUTTI JUIsl KOHCTPYKLIT JOp0okHBOTO oziry. [TokasaHo, 1110 MonepeyHi TPIluHN NPU3BOAATE A0 MOTPAIUISHHSA BOAU 3 aTMO-
cepHUX onajiB y KOHCTPYKIIIO JOPOXKHBOTO OSTY Ta IPYHT 3€MIISTHOTO MOJIOTHA, BUKIIMKAIOYN OCIA0ICHHs B 30HI TPilMH
OCHOBH 1 CIIPHYMHSIOYH NIPUCKOPEHOMY PYHHYBaHHIO BCi€i KOHCTPYKIIT JOPOKHBOTO OJATY. 1i OOCTaBHHU MOTPEOYIOTH 3a-
6e3neyeHHs eeKTUBHOT repMeTH3aLil MOKPHUTTS 3 MONEPEUYHUMH TPillMHaMH. BigmiueHo, 1110 HafO1IbII TOMIHPEHHUH METO
PEMOHTY ac(aabTOOETOHHOTO HOKPUTTS 3 HOIEPEYHIMH TEMIIepaTypHUMH TPIIMHAMY IIOJISITAE Yy 3aCTOCOBYBAaHHI TepMeTH-
3YIOUHX MaTepialliB, SKHMH 3aITIOBHIOIOTH NOPOKHUHM IIUX TPIIIKH. 3a3Ha4eHO, 0 YMOBH POOOTH repMeTU3yI0unX MaTtepia-
JIB 3aJISKaTh K BiJ] FTEOMETPHIHUX MapaMeTpiB ac(habTOOCTOHHHX IUIUT MDK TPIIIMHAMHY, TaK i BiX po3MIpiB TpIiMIuH, 110
3aMOBHIOIOTHCSI TEPMETHKOM. 3aIlPONOHOBAHO METOJ OLIHIOBAHHS €()EKTHBHOCTI TepMETH3YIOUHX MaTepialliB IIPH PEMOHTI
ac(haabTOOCTOHHOTO MOKPUTTS KOHCTPYKLII JOPOXHBOIO OArY 3 MONEPEYHUMHU TpillMHAMH. P03po0neHO po3paxyHKOBi
cxemu pobotu achanbToOOETOHHOTO MOKPHUTTSA Ta MaTeMaTHYHI MOJENI Ha OCHOBI 3aCTOCYBaHHS TeOpii TePMO-B’SI3K0O MPYK-
HOCTI JUISl IPOTHO3YBAaHHS TEMIIEPATYPHUX HANPYXKEHb B FEPMETH3YIOUOMY MaTepiaii Ha KOHTaKTi 3 ac(aibToOETOHHUM MO-
KPUTTSM 3 ypaxyBaHHSAM TEIUIO-TEXHIYHHX Ta TEPMO-PEOJIOTIYHMX BIACTUBOCTEH MaTepialiB i FeOMETPHYHUX MapaMeTpis
ac(arbTOOCTOHHHX IUIMT Ta IIONEpedHo] TpiuHN. OTPUMAaHO aHAIITHYHI 3aJI€KHOCTI JO3BOJSIIOTH OI[IHIOBaTH TEPMIH CITy-
»KOHM 70 BTpaTH CYLIJIBHOCTI TepPMETHKIB ab0 anre3iHOI MIITHOCTI iX 3UeIrIeHHs 3 achaIbTOOCTOHHUM MOKPHUTTSM 3 ypaxy-
BaHHSAM PIYHMX Ta JOOOBUX KOJIMBAaHb TEMIIEpaTypH Ha 0a3i BHKOPHCTAHHS OCHOBHHUX ITOJIOXKEHb KiIHETHYHOT Teopii MIiI{HOCTI
TBEpPAUX TiN. BUKOpHCTaHHS 3aIpONOHOBAHOTO METOXLY IOTPedye eKCIEPHMEHTAIbHOTO BCTAHOBIEHHS TAKUX XapaKTepHC-
THK MatepiaiiB siK: koedilieHTa JiHIHHOTO TeMIepaTypHOro PO3LIMPEHHs, Koe(illieHTa TeMIepaTypOIpOBiqHOCTI, QyHKIIT
noB3y4ocTi, GyHKIIT penakcariii, pyHKLIT TeMIepaTypHO-4acoBOl aHaoril, GYHKLIT TOBrOTPHBAIIO] Mil[HOCTI.

Kurouosi ciioBa: achansToOeTOHHE MOKPUTTS, TEMIIEPATypHA MONepeYHa TPillHHA, TePMETH3YIOUNI MaTepiall, TepMOHAIPY-
JKCHUI CTaH
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Introduction

Bituminous concrete is the most common surface
material on both public and communal streets and
roads with non-rigid pavement. This has several ad-
vantages: component availability, manufacturing and
application adaptability, a wide variety of modifica-
tions, directional properties control, high weather re-
sistance, strength and durability, etc. However, despite
the large number of studies and practical measures de-
veloped to prevent and avoid transversal temperature
cracks, these types of destruction still remain one of
the most common defects in bituminous-concrete sur-
face. These transversal cracks of thermal-shrinkage
origin are formed with a certain step over the length as
a result of both seasonal and daily temperature fluc-
tuations. During operation, new transversal tempera-
ture cracks are formed and the distance between them
decreases from tens to several meters. Their appear-
ance has many negative consequences. In the zone of
cracks, as a result of a significant decrease in the bear-
ing capacity of the surface layers, there is an over-
stress of the base layers and soil of the earth bed. Wa-
ter enters them through cracks and significantly re-
duces their strength (including through salinity at the
ingress of ice-melting substances). This leads to the
acceleration of the appearance of destruction various
types under the influence of traffic loads and climatic
factors as the bituminous-concrete surface itself and
road pavement as a whole. Therefore, in the zone of
cracks spalls, chipping, dimples, potholes, subsidence,
cracking, wheel tracking are often formed. In this re-
gard, the appearance of transverse temperature cracks
leads to early failure of road pavement and reduces its
working life.

Definition of unsolved aspects of the problem

In the current practice, to ensure the water imperme-
ability of the bituminous-concrete surface and to re-
duce its negative effects on the strength and durability
of the entire structure of road pavement, they realize
sealing of temperature transversal cracks with the help
of various sealants. Therefore, in this case, it is neces-
sary to be able to evaluate the effectiveness of sealing
materials in the repair of bituminous-concrete with
transversal cracks. Their work effectiveness will de-
pend on the adhesive strength at the contact "sealant —
bituminous — concrete surface" and ensuring the seal-
ing material integrity during the operation. The most
influential factor in this situation is the sealing mate-
rial deformation when the temperature decreases as it
changes during seasonal and daily fluctuations.

Basic material and results

As it was previously shown in many studies [1],
transversal temperature cracks on bituminous-concrete
surface of non-rigid road pavement appear as a result
of the influence of the following factors: tensile ther-
mal stresses at temperature decreases as a result of
casual pavement reduction in the longitudinal direc-
tion due to the friction force between the surface and
the base. In this case, the design diagram (Fig. 1) pre-

sents a single-layer slab resting on the base which
does not transmit its sensible deformations.
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Figure 1 Design diagram of operation
of bituminous-concrete surface
at temperature change on the base,
which does not cause additional
horizontal normal stresses in the surface:
1 — surface; 2 — base.

In the first approximation in the elastic formulation
of a one-dimensional problem for this design scheme,
the thermal tensile stresses when it is impossible to
freely reduce the longitudinal direction surface can be
determined by the formula

o/(t)= a E AT, (1)

where « is the linear temperature expansion coeffi-
cient of bituminous concrete;

E — bituminous-concrete elasticity modulus;

AT — temperature gradient.

It is known that after a certain period of operation
(1-5 years), transversal temperature cracks are formed
on the bituminous — concrete surface due to the re-
peated influence of thermal stresses caused by the
above-mentioned factors, as a result of temperature
reductions during its fluctuations. After the formation
of transversal temperature cracks, the operating condi-
tions of the bituminous- concrete surface change.
Depending on the distance of the transversal crack, the
formed slabs of the pavement may be partially re-
duced, overcoming the friction resistance of the coat-
ing on the base, and the width of the cracks may in-
crease with decreasing temperature. Therefore, the de-
sign diagram after the formation of transversal tem-
perature cracks can be presented in the form shown in
Figure 2.
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Figure 2 — Design diagram of bituminous-concrete
surface operation after the formation
of temperature transversal cracks

In order to seal the transversal temperature cracks in
the bituminous- concrete surface, it is necessary to
make a choice of material and technology, depending
on the geometrical parameters of the surface and the
crack and the properties of the bituminous concrete
and sealing materials. To evaluate their effectiveness,
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it is necessary to consider the design diagram of the
work of these materials in the surface with transversal
cracks (Figure 3).
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Figure 3 — Design diagram of bituminous
concrete operation after sealing
the transversal temperature crack:
1 — bituminous-concrete surface; 2 — base;
3 — material for repair of cracks;
4 — communication scheme with
surface adjacent areas;
5 — the same with the underlying layers
of the pavement structure, which ensures
horizontal movement through friction

At the time of the transversal cracks sealing, their
width is ¢ in bituminous concrete surface 1 between
blocks of initial length /;;. Then lowering the tempera-
ture will reduce the pavement units to the size /'y,
With full adhesion of the material 3 with surface 1, it
will stretch to width . In this case, the thermal tensile
stressesor in the sealing material, as well as on the
contact with the bituminous — concrete surface, will
consist of two components: the intrinsic temperature
stresses due to the impossibility to reduce the dimen-
sions oy and the stresses due to the reduction of adja-
cent surface units op:

2
AS(T(2))
Ory =Ly — = -
5(Tp)
Then after the corresponding transformations we get
a,:El-al-AT-(lJrﬁ-lﬂ], 3)
a O

where «;, o, are the coefficients of linear expansion,
respectively, of materials 3 and 2.

The obtained dependence (3) allows to determine the
level of thermal stress state of the mastic and adhesive
contact, depending on the characteristics of mastic and
bituminous concrete, as well as the initial size of the
surface units and the width of the transversal cracks at
the time of their filling with mastic.

Existing sealing materials and asphalt concrete bi-
tuminous — concrete surface are characterized by ap-
parant thermo-viscous-elastic properties, which de-
pend on both temperature and time, and the of stress
change behavior, and such materials show kinetic
fracture [1, 2].

Based on the fundamental provisions of the thermal
elasticity theory, the temperature stresses that occur in
the sealing material 3 (Figure 3) can be determined by
the dependencies:

or(t,T) = [R(E(t) - E()Mer(z) (4)
0
here

! dt
S0 by

4 dr
S e

where R (t) is the relaxation function of the sealing
material;
er— relative thermal strain;
t is the time at which the stress is determined;
7 is the instant of time preceding t;
& is the time given on the basis of the principle of
temperature-time analogy (PTA) to the temperature O
at which the parameters of the relaxation function R (?)
are experimentally determined;
ar - the PTA function.

The relaxation function of a sealing material can be
written in the form of a modified power law [1, 3]:

R()=H+(B-H)1+t/r)", )

where m and r are constants determined from the ex-
periment on relaxation;
H and B are long-term and instantaneous elasticity
modules, respectively.

The PTA function can be described by an expression

ap(T,0)=e 779, (©6)

where p is a constant, determined experimentally.
Based on the design diagram (Figure 3), the values
for &5 (¢) can be written as

a, s,
8T=a1-(TO—T(t))-(1+—2.L], 7
a, O
where T, —T(¢t) = AT .

Taking into account the harmonic change of tem-
perature 7(f) according to [1], the annual and daily
fluctuations of the average surface thickness, tempera-
ture can be written in the following form

— 2 — 2
T)=T,+A4, cost—”+A, cost—”t , ®)
where T, is the surface average annual thickness;
Zc , Z, and ¢, t,. are respectively the amplitude and

the fluctuation period of the surface temperature aver-
aged thickness in the daily and annual cycles.
The amplitude of the fluctuations averaged over the

thickness of the surface temperature (ZC or Z,) can be

considered approximately equal to the average thick-
ness of the amplitude of the temperature fluctuations
at different depths
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where a is the coefficient of thermal conductivity of
the surface material;
t, is the period of temperature fluctuation.

On the basis of the above-mentioned expressions, it
is possible to predict temperature stresses at any time
t. However, since the strength characteristics also de-
pend on the temperature and the time of the load,
showing the kinetic nature of the cracks, it is neces-
sary to determine the durability of the sealing materi-
als and the condition of the limit state. Having the so-
lution to determine the temperature stresses in the sur-
face, the strength conditions and the expression for the
durability function, it is possible to calculate the ther-
mal crack strength index M, by the end of the service
life 7.,

le b, (1,T)
Mmpzj%dr. (10)
0 Br(tsn

Taking into account the expression (10), it is possi-
ble to check the fulfillment of the condition in which it
is required that the crack strength M,,, does not exceed
its admissible value, that is, to evaluate the condition
for providing thermal crack strength C,,

Mmp Scmp . (1 1)

In this case, based on the known results of the stud-
ies C,,, equals the limit value of the damage degree to
the Cy , ie. C,p = Cy=1[4-6].

Conclusions

The results of the research allow us to draw the fol-
lowing conclusions.

1. Design diagrams and mathematical models based
on the application of the thermo-viscous-elasticity
theory for the prediction of thermal stresses in the
sealing material at the contact with the bituminous —
concrete surface, taking into account the properties of
the materials and geometrical parameters of the bitu-
minous — concrete surface slabs and transversal crack
are worked out.

2. The obtained analytical dependences allow to es-
timate the service life before the loss of sealant integ-
rity or the adhesive strength of their adhesion with the
bituminous — concrete surface, taking into account the
annual and daily temperature fluctuations on the basis
of the kinetic theory main provisions of the strength
of solids.

3. The method of efficiency of sealing materials
evaluation in repair of bituminous — concrete surface
with transversal cracks taking into account thickness
and sizes of bituminous — concrete slabs between
transversal temperature cracks, sizes of these cracks,
thermotechnical and thermorheological properties of
sealing materials and bituminous — concrete is of-
fered.
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