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METHODOLOGY FOR CALCULATING PAVEMENT STRENGTH
BASED ON THE SHEAR RESISTANCE OF THE ASPHALT CONCRETE
SURFACING ON THE ORTHOTROPIC DECK SLAB

OF HIGHWAY BRIDGES

Purpose. The purpose of the study is to develop a method for calculating the bond strength of waterproofing be-
tween asphalt concrete and an orthotropic slab under shear under the condition of shear resistance on the carriage-
way of road bridges, in particular bridges over watercourses, overpasses, overpasses, etc. Methodology. The meth-
odology encompasses the main methods and approaches for evaluating the shear resistance of asphalt concrete laid
on the waterproofing and the orthotropic deck slab, under the action of static, short-term, and dynamic loads that
arise during the operation of transport structures. Findings. To ensure a uniform distribution of forces among the
beams of the bridge superstructure, the stiffness of the carriageway slab is conditionally assumed to satisfy the con-
ditions of strength and deformability according to the limit states. Given this, only the asphalt concrete layers of the
pavement are taken into account. The proposed calculation model does not consider the possibility of reaching any
limit state, and the calculation is performed under the condition of normal operation of the structure. This calcula-
tion approach is aimed at simplifying the engineer's work and reducing labor costs when making design decisions.
Originality. The scientific novelty of the research lies in the determination of the stress-strain state of the "asphalt
concrete — waterproofing — orthotropic deck slab" system. This determination, achieved through numerical modeling
using the Finite Element Method (FEM) and/or by utilizing analytical solutions of the theory of elasticity, makes it
possible to verify the accuracy of the performed calculations for the maximum permissible shear stresses for local
roads/highways. Practical value. This calculation methodology is intended for use in the design of highway bridges
by specialists from organizations regardless of ownership, and can be applied by design engineers, specialists in
technical maintenance and monitoring of transport structures, as well as experts in the field of road construction and
infrastructure.

Keywords: pavement; asphalt concrete surfacing; shear resistance; highway bridge; shear stresses; orthotropic
deck slab; traffic load

on bridges, reduces traffic capacity, increases the

Introduction . L
cost of transportation, and results in significant

One of the main problems that leads to the re-
duction of the durability of the asphalt concrete
pavement on the orthotropic deck of a road bridge
is the premature failure of the asphalt concrete. In
particular, one of the most common defects that
occur in the asphalt concrete pavement and reduce
its service life is the appearance of shear rut-
ting/shoves. The insufficient shear resistance of the
asphalt concrete pavement on the orthotropic deck
of a road bridge to shear rutting/shoves reduces
both the structural strength of the asphalt concrete
pavement and, critically, the level of traffic safety
by creating a hydroplaning effect in areas of water
stagnation and winter slipperiness. This also leads
to frequent repairs and the formation of traffic jams

economic losses. The shear resistance of asphalt
concrete is one of the important factors in the qual-
ity of the asphalt concrete pavement on the ortho-
tropic deck of road bridges.

The improvement of the shear resistance of the
asphalt concrete pavement on the orthotropic deck
of a road bridge has, until recently, been mainly
achieved through the use of multi- and medium-
sized stone asphalt concretes (granulometric types
A and B). However, the effect of increasing shear
resistance provided by the mineral skeleton of the
asphalt concrete proved to be insufficient to solve
the problem of the accumulation of unacceptable
shear deformations in the asphalt concrete pave-
ment. An alternative solution for increasing the
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shear resistance of asphalt concrete is the modifi-
cation of bitumen with polymers, which are capa-
ble of simultaneously increasing deformability at
low temperatures and increasing cohesive strength
at high temperatures, thereby contributing to the
increase in the asphalt concrete's shear resistance.
However, this issue of ensuring the shear re-
sistance of asphalt concrete pavement on the ortho-
tropic deck of road bridges has been insufficiently
studied. Furthermore, the shear resistance of the
asphalt concrete pavement also significantly de-
pends on the bond strength between the pavement,
the waterproofing layer, and the metal orthotropic
deck of the road bridge, as well as its stability over
time.

Purpose

The purpose is to calculate the pavement struc-
ture for strength based on the shear resistance of
the asphalt concrete (considering the combined
action of the asphalt concrete layers of the pave-
ment structure and the waterproofing layer) on the
orthotropic deck of the carriageway of road bridg-
es. These efforts are aimed at increasing the shear
resistance and, consequently, its durability by im-
proving the design of the waterproofing. Such de-
sign involves the construction and calculation
methodology that takes into account the repeated
application of static and short-term dynamic loads.

Methodology

During the design and strength calculation for
shear bond of the asphalt concrete layers of the
pavement structure with the metal base of the or-
thotropic deck of a road bridge, it is necessary to
comply with all requirements and rules of current
building codes and standards, as well as the provi-
sions of these methodological guidelines. The as-
phalt concrete layers of the pavement structure
with increased shear resistance on a road bridge
consist of one, two, or three asphalt concrete lay-
ers, which are bonded to the waterproofing layer
and to the metal base of the orthotropic deck of the
road bridge. The calculation of the asphalt concrete
layers of the pavement structure is performed using
permissible shear bond stresses according to claus-
es 6.3 - 6.6 between the asphalt concrete layers of
the pavement structure, the waterproofing layer,
and the metal base of the orthotropic deck of the
road bridge.

The main objective of the calculation is to de-
termine the thickness of the pavement layers, tak-
ing into account the relevant deformation and
strength characteristics of the asphalt concrete
(boromonos, Xnmanrok, Pa3uinmH, boromonos, &
Huuka, 2017). Recommended designs for asphalt
concrete pavement layers are in accordance with
AD 2.4-37641918-003. The value of the design
wheel print diameter is adopted according to JIbH
B.2.3-22:2009 (2010). In the case of load duration
of 0.1 s, the dynamic value of the wheel print di-
ameter 1s used for the calculation, and for load du-
ration of 1.0 s and 10.0 s, the static value of the
wheel print diameter according to JIBH B.2.3-
22:2009 (2010) must be used.

Numerical modeling is necessitated by the fact
that the loading scheme is quite complex and re-
quires a spatial solution to the problem in order to
improve the design of the asphalt concrete layers
of the pavement structure on the orthotropic deck
of the transport structure (Onyshchenko, Ostro-
verkh, Potapenko, Kovalchuk, Zdolnyk, &
Pentsak, 2024). The main goal of three-
dimensional modeling is to eliminate the shortcom-
ings of studying the force loading and strength
characteristics of the asphalt concrete layers of the
pavement structure under the load from pneumatic
vehicle tires in a two-dimensional formulation
(I'ynses, & Ulnrons, 2023).

This makes it possible to assess more objective-
ly the effectiveness of the interaction between the
pneumatic vehicle tires and the pavement. During
the calculation based on the condition of the pave-
ment structure's shear resistance on the orthotropic
deck, the orthotropic deck does not change its de-
formation properties under the action of the load
(Onyshchenko, Lisnevskyi, Poliak, Rybchynskyi,
& Shyshkin, 2023). The adequacy of the selected
model is confirmed by numerical modeling and
experimental research.

Climatic data — the geographical boundaries of
the road-climatic zones of Ukraine and the road
zoning of Ukraine according to the working condi-
tions of asphalt concrete (Onyshchenko, Koval-
chuk, Husev, et al., 2025). The average monthly,
average maximum, and minimum monthly air
temperatures are specified (Onyshchenko, Koval-
chuk, Voskoboinick, et al. (2024).

The design features (or structural design specif-
ics) of the asphalt concrete layers of the pavement
structure on the orthotropic deck of road bridges
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are presented in the methodology MP B.2.3-
37641918-946:2024 (2024).

Strength calculation based on the condition of
shear resistance of the asphalt concrete pavement
on the orthotropic deck of the carriageway of road
bridges (Onumienko, Jlantyx-JIsmenko, MinnyTiH,
Trapnoecbkuii, & 3monbHik, 2024). The shear
bond strength at the contact between the asphalt
concrete layers of the pavement structure and the
carriageway deck is evaluated by the magnitude of
the shear stresses resulting from the action of verti-
cal and horizontal forces at summer temperatures
at the boundary of the asphalt concrete layers of
the pavement structure and the carriageway deck,
according to M 42.1-37641918-767:2017 (2017),
M 02071168-708:2012 (2012), and MP B.2.3-
37641918-946:2024 (2024). The condition of as-
phalt concrete shear resistance between the asphalt
concrete layers and the waterproofing layer is sat-
isfied in accordance with SOU 45.2-00018112-
046. The methodology for assessing the bond be-
tween the asphalt concrete layers is intended for
checking the quality of the placement of the as-
phalt concrete layers and the waterproofing. To
ensure the specified reliability and the required
safety factor of the designed asphalt concrete type
based on the shear resistance condition, it must not
be lower than the requirements of MP B.2.3-
37641918-946:2024 (2024).

The maximum daytime temperature of the as-
phalt concrete layers of the pavement structure is
determined using the dependence:

max P Ly o0
Tt N B Ly SN SR

nokp — “nos a
m

where: ¢ is the air temperature on the hottest

day, °C; p is the absorption coefficient (for asphalt
concrete, it is 0.9); 1, 006 1 the average daily inten-
sity of solar radiation, keal/m*ron-°C; a,, is the
heat transfer coefficient (for asphalt concrete, it is
16 kcal/mz-rozrrpaz[; K, is the coefficient that ac-
counts for the weakening of solar radiation at any
hour of the day; K, is the transition coefficient
from the average daily intensity of solar radiation
to the intensity at 12:00 hour; K, is the dusting
(pollution) coefficient (reduction of solar radiation
intensity due to dust formation, K,= (0,7 ... 0,9)).
The design temperature between the asphalt
concrete layers of the pavement structure and the
bridge span structure is determined by the formula:

th =t exp| | —h, 2 eos| o7 —h, . ,
2aa(7 2au6

where: tf,’5 is the temperature at depth 4, °C;

max
t

o 1s the air temperature on the hottest day ac-
cording to DSTU-N B V.1.1-27, °C; a,; is the
thermal diffusivity coefficient of asphalt concrete;
hs 1s the thickness of the asphalt concrete layers,
cm; o is the angular frequency of temperature os-
cillation; 7 is the time moment from the start of the
oscillation period, t=124.

If, according to the calculation, the temperature
between the asphalt concrete layers of the pave-
ment structure and the carriageway deck is found
to be lower than 40 °C, then a temperature of 40
°C is adopted for the calculation. The -elastic
modulus of the asphalt concrete and the water-
proofing layer is determined according to M 42.1-
37641918-767:2017 (2017) and MP B.2.3-
37641918-946:2024 (2024), based on the design
temperature in the lower part of the pavement
structure. The elastic modulus of the pavement
structure with several asphalt concrete layers (in-
cluding the waterproofing) is reduced to a two-
layer design model.

The limiting value of shear stresses 7,,; is de-
termined taking into account the determined tem-

perature (126) between the asphalt concrete layers

of the pavement structure and the carriageway
deck, and the corresponding type of waterproofing:

h
T,=At,+B,

where: 4, B are the design parameters which
are selected depending on the type of waterproof-

ing; ¢ is the design temperature between the as-

phalt concrete layers of the pavement structure and
the carriageway deck.

The frost resistance coefficient of the water-
proofing layer is assigned based on the shear bond
strength index according to the methodology MP
B.2.3-37641918-946:2024 (2024). The coefficient
of variation for the shear bond strength index is
determined in accordance with the assigned type,
using the methodology MR V.2.3-37641918-946.
Using the data from the methodology MP B.2.3-
37641918-946:2024 (2024), the limiting shear

stress T is assigned. This stress arises between
the asphalt concrete layers of the pavement struc-
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ture and the carriageway deck for local roads (in
this case, the horizontal load constitutes 0.3 of the
vertical load). The obtained value must be multi-
plied by the coefficient k., which accounts for the
influence of the waterproofing type on the shear
forces. Using the data from the methodology MP
B.2.3-37641918-946:2024 (2024), the maximum
shear stress Ty is assigned. This stress arises be-

tween the asphalt concrete layers of the pavement
structure and the carriageway deck for state roads
(or national roads) (in this case, the horizontal load
constitutes 0.7 of the vertical load). The obtained
value must be multiplied by the coefficient £,
which accounts for the influence of the waterproof-
ing type on the shear stresses. The vertical loads
acting on the asphalt concrete layers are assigned
according to DBN V.2.3-4.,

Findings

The design value of shear stresses at the contact
between the asphalt concrete layers of the pave-
ment structure and the carriageway deck is deter-
mined as follows:

pr =T7a6 .kmp (l_uT t)

where: 1,,; is the shear stress that arises be-
tween the asphalt concrete layers of the pavement
structure, the waterproofing layer, and the car-
riageway deck, determined experimentally accord-
ing to the methodology, MPa; k,,, is the coefficient
that accounts for the influence of water-frost fac-
tors on the waterproofing; v, is the coefficient of
variation of the shear bond strength; ¢ is the coeffi-
cient of normalized deviation.

The limiting permissible shear stresses for local
roads are determined by the formula:

Ty =Ty - p- K,

where: T3 is the maximum shear stress that

arises between the asphalt concrete layers of the
pavement structure and the carriageway deck; P is
the design specific pressure from the wheel on the
asphalt concrete layers of the pavement structure,
which is assigned according to IBH B.2.3-22:2009
(2010); K; is the coefficient that accounts for the
peculiarities of the stress state of the asphalt con-
crete layers of the pavement structure under the
vehicle wheel (for a wheel with twin tires,
K~=0,85; for a wheel with a single tire, K,~1,0).

The limiting permissible value of shear stresses
for state roads (or national roads) is determined by
the formula:

T;' :ng p-K;,

where: T 30(;7 is the maximum shear stress that
arises between the asphalt concrete layers of the
pavement structure and the carriageway deck,
MPa.

The shear bond strength at the contact between
the asphalt concrete layers of the pavement struc-
ture and the carriageway deck is checked for all
roads as follows:

where: T5° K, is the minimum required
strength coefficient taking into account the stand-
ard safety factor. If this condition is met, the struc-
ture is considered to meet the strength require-
ments under the action of shear stresses. Other-

wise, the thickness of the asphalt concrete layers of
the pavement structure must be adjusted; 7', is

the design value of shear stresses at the contact
between the asphalt concrete layers of the pave-
ment structure and the carriageway deck, MPa;

T ﬁ is the limiting permissible value of shear

stresses, MPa.

In case the shear bond strength condition is not
met, it is necessary to replace the material of the
asphalt concrete layers of the pavement structure
or the waterproofing layer and repeat the calcula-
tion following the sequence provided. An example
of the strength calculation of the pavement struc-
ture based on the shear resistance condition of as-
phalt concrete on the orthotropic deck of the car-
riageway of road bridges is provided in the meth-
odology MP B.2.3-37641918-946:2024 (2024).

Originality and practical value

The originality of the study lies in the results
obtained during the strength calculation of the
shear bond of the waterproofing layer between the
asphalt concrete and the orthotropic deck, based on
the shear resistance condition of the asphalt con-
crete pavement on the orthotropic deck of the car-
riageway of road bridges. This makes it possible to
design a pavement structure with increased shear
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resistance and, consequently, durability. The prac-
tical value lies in obtaining the results of the
pavement structure strength calculation based on
the shear resistance condition, which allows for the
determination of the bond strength between the
orthotropic deck, waterproofing layer, and asphalt
concrete pavement on road bridges, and the rea-
sonable selection of pavement structure options
with increased shear resistance and a specified re-
liability.

Conclusions

The article proposes a methodology for the
strength calculation of the pavement structure
based on the shear resistance condition of the as-
phalt concrete pavement on the orthotropic deck of
the carriageway of road bridges. It also discusses
the operational features of asphalt concrete pave-
ment on metal bridge decks, particularly stress
concentration and significant horizontal shear de-
formations. This occurs because the elastic modu-
lus of the asphalt concrete is substantially reduced
at high temperatures, while the elastic modulus of
the orthotropic deck remains unchanged. There-
fore, to ensure a uniform distribution of forces be-
tween the bridge span beams, the stiffness of the
carriageway deck is conventionally assumed to
satisfy the strength and deformability conditions
according to the limit states. With this in mind,
only the asphalt concrete layers of the pavement
structure are taken into account in the calculation.
The proposed calculation model does not account
for the possibility of reaching any limit state, and
the calculation is performed under the condition of
normal operation of the structure. This calculation
approach is aimed at simplifying the work of the
engineer and reducing labor costs when making
design decisions. The use of the proposed method-
ology will allow for the selection of the most
shear-resistant pavement material with the appro-
priate design characteristics at the design stage of
the asphalt concrete pavement on the orthotropic
deck of the carriageway of road bridges, which
will help reduce operational costs during its
maintenance.
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P. C. JICHEBCHKUI

"Kadeapa MoCTiB, TyHENiB Ta rigpoTexniumix cropys, Hationatsuuit TpancnopTHuii yHiBepcuter,
ByIl. Muxaitna Omensaosuua-Ilasnenka, 1, Kuis, Ykpaina, 01010, ten. +38 (050) 447 70 09,
en. nommra 4477009@ukr.net, ORCID 0000-0003-1128-913X

METO/AUKA PO3PAXYHKY JOPOXHBOI'O OAAT'Y HA MIIIHICTb
3A YMOBOIO 3CYBOCTIMKOCTI AC®PAJIBTOBETOHHOI'O

IOKPUBY
HA OPTOTPOIIHIH IIJIUTI IPOI3HOI YACTUHU
ABTOJIOPOKHIX MOCTIB

Meta. MeToro I0CIiKEHHS € Po3po0Ka METOIMKHM PO3paxyHKy Ha MILHICTh 3UeTIeHHs Tiapoizossuil Mix ac-
(aTbTOOETOHOM Ta OPTOTPOITHOIO TITHTOO 32 3CYBY 32 YMOBOIO 3CYBOCTIMKOCTI Ha MPOT3Hiil YaCTHHI aBTOJOPOKHIX
MOCTIB, 30KpeMa MOCTIB Hepe3 BOJOTOKH, €CTakaj, MUIIXONpoBoAiB Tomo. Meroanka. OXOTIIIOE OCHOBHI METOIN
Ta MiIXOIM JUIS OLiHIOBAHHS 3CYBOCTIHKOCTI acanbToO0eToHy, yKIaIeHOTO Ha TiIpOi30IIsLii0 i OPTOTPOIHY TUTUTY,
T Ti€f0 CTAaTHIHUX, KOPOTKOYACHUX Ta AMHAMIYHMAX HAaBaHTAr, SKi BUHUKAIOThH y TPOIIECi eKCIUTyaTyBaHHS TPaHC-
MOPTHUX cnopyl. PesyabTaTn. [{ns 3a0e3neyeHHs piBHOMIPHOTO PO3MOIIIEHHS 3yCHiIb MK OajkaMi NPOrOHOBOT
OyIOBM MOCTY YMOBHO NMpPHUAMAETbCA KOPCTKICTh IUIMTH MPOI3HOT YaCTHHH, siKa 3abe3rneuye BUKOHAHHA YMOB Mill-
HOCTI Ta JedopMaTHBHOCTI 32 TPaHUYHUMH CTaHaMU. 3Ba)kKalO4M Ha Lie, 10 YBaru MpUiHATO Juie acanbTo6eTOHHI
apu JOPOKHBOTO OJsAry. B Moneni po3paxyHKy, IO MPOMOHYETHCS, HE BPAXOBYETbCA MOXJIMBICTb AOCATHEHHS
OyIb-KOTO IPAaHUYHOIO CTaHy, a PO3PaxyHKy BUKOHYIOTHCS 32 YMOBM HOpMaJIbHOI eKcIulyaTauil cnopyau. Takuii
TIXi po3paxyHKy HampaBJieHWi Ha CTIPOIIEHHS poOOTH iH)XeHepa Ta 3MEHILIEHHS TPYAOBUTPAT Mif Yac MPUITHATTA
NpPOEKTHUX pimreHb. HaykoBa HoBu3HA. HaykoBOIW HOBHM3HOK [IOCIHIUKCHb € BH3HAUCHHS HAIMpPyKeHO-
nedopmoBaHOTO cTaHy cUcTeMHU «ac(aibToOETOH — IiIPOi30JIALLs — OPTOTPOIHA TUINTAY, IO AO03BOJISIE PO3PAXYHOK
3a IOTIOMOTOIO YHMCIIOBOTO MO/IEJIIOBAHHS 3 BUKOPHCTAHHAM METO/Y CKiHUE€HHX eJIEMEHTIB Ta/abo 3 BUKOPUCTaHHAM
AQHAJITUYHUX PillleHb Teopil MPYKHOCTI, 110 Aa€ MOXKIIMBICTb BU3HAYUTH BipHICTh BUKOHAHWX PO3PAXYHKIB IpaHnd-
HO JIOTTyCTMMUX 3CYBHUX NOTHYHHMX Hampy)KeHb Ui Aopir MicueBoro 3HaueHHs. [IpakTuyHe 3HayeHHs1 [JaHa me-
TOAMKA PO3paxyHKy MpPU3HAUEHa Ul BUKOPUCTAHHS MiJ yac MPOEKTYBaHHA aBTOAOPOXKHIX MOCTIB (axiBLAMHU Op-
rafizamiii HesaJexHO BiX (OpPM BJAacHOCTI Ta MOXeE 3aCTOCOBYBATHCH iH)XXKE€HEPAMHU-TIPOEKTYBAJbHUKAMHU,
(haxiBLAIMU 3 TEXHIYHOTO OOCITYrOBYBaHHSA T4 MOHITOPUHIY CTaHy TPAaHCHOPTHUX CHOPYI, @ TAKOX eKCIepTaMH y
chepi 1OpOXKHBOTO OYayBaHHS Ta iHYPACTPYKTYpH

Knouosi cnosa: nopoxHiil ogAar; achaibToO0ETOHHUI MOKPUB; 3CYBOCTIWKICTh; aBTOJOPOXHINA MiCT; NOTHUYHI
HamnpyXeHHs; OpTOTPOIIHA [UTUTA; TPAHCTIOPTHE HABAHTaXKEHHS
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