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MOJAEJIIOBAHHSA HAITPY KEHO-AE®@OPMOBAHOI'O CTAHY
ACO®AJIBTOBETOHHOI'O IOKPUTTSA HA NIBIEHHOMY MOCTOBOMY IHEPEXO/I

AHoTanis. Y cTarTi pO3MIAHYTO YHMCENbHHH METOJ BH3HAUYEHHS HANpYXEHO-Ie(OpMOBAHOTO CTaHy
acdampToOeToHHOTr0 TOKpUTTS [liBmeHHoro MoctoBoro Ilepexomy, mo 0a3yeTbcsi Ha pO3B'sI3aHHI
PIBHSHB TEOpii MPYKHOCTI — METOTy CKIHUCHHHX €JIEMEHTIB. 3aCTOCYBaHHS YHCEIHLHOTO MOJICITFOBAHHS
OOYMOBIIIOETHCSI THUM, IO CXEMH HABAaHTAXKEHHS YCKJIAQJHIOIOTHCS 1 MOTPeOYyIOTh MPOCTOPOBOTO
BUPIIICHHS 3aJla4yl 3 METOI0 MiJBUIIEHHS SKOCTI MPOEKTYBaHHS MOKPUTTS MOCTOBOIO Mepexony. Y
CTaTTI HAaBEIEHO MPUKIAA PO3MONALTY IMOJiB JAedopmaliii y YacTHHI MOCTOBOTO IMEpexoay Npu
TPAHCHOPTHOMY HAaBAaHTAXKEHI.
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SIMULATION OF STRESS-STRAIN STATE OF ASPHALT CONCRETE
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Abstract. This article to used numerical method for determination of stain and tension pavement South
highway condition based on the solution of elasticity theory equations - Finite Element. The application
of numerical modeling is determined by the fact that load patterns are becoming more complicated and
require spacial concept in order to enhance the quality of overpass pavement design. In article atypical
example for deformation fields distribution in one of the bridge crossing sections under traffic load is
provided
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MOJEJUPOBAHUE HANNIPA KEHHO-AE®@OPMUPOBAHHOT'O COCTOSHUA
ACPAJIIBTOBETOHHOI'O NOKPBITHUA HA IO KHOM MOCTOBOM MNEPEXO/JE

AHHOTanmus. B  cratbe paccMOTpeH  UHCICHHBIM  METOJ  ONpENEeNIeHUs]  HampsHKEHHO-
ne(GOpMHUPOBAHHOTO COCTOSHHSA ac(hanbToOeTOHHOrO MOKphITHS FOkHOrO MOCTOBOTO mepexona,
OCHOBAaHHBI HAa PELUICHUH YPABHEHUH TEOpUU YIPYIOCTH - METOJa KOHEYHBIX JJIEMEHTOB.
[IpuMeHeHne YMCIEHHOrO MOJAEIMPOBAHUS OOBICHAETCS TEM, YTO CXEMbl HArpy3KH YCIOXKHSIIOTCA U
TpeOYyIOT MPOCTPAHCTBEHHOI'O DELICHUS 3aJaud C LEJbI0 IOBBIIICHUS KaueCTBa NPOEKTUPOBAHUS
HOKPBITUSL MOCTOBOIO Iepexona. B cTarbe nmpuBeneH nmpumep pacnpeneneHus nosnei aedopmanuii B
94aCTU MOCTOBOTO IIepexo/ia PH TPAHCIOPTHOM Harpyske.

KiioueBble cjioBa: ypaBHEHHs TEOPUU YIPYTOCTH, METOJA KOHEUHBIX AJIEMEHTOB, WH)KEHEPHO-
pacuetHerii  komruiekc ANSYS, HanpsokeHHO-IeOPMHUPOBAHHOE  COCTOSIHME, HOpPMAaJbHBIE
pacTAruBarolle HapsHKEHNs, ypaBHEHUE PErPECCUH, OPTOTPOIHAS IUIUTA MOCTOBOTO NEPEX0/a.
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AKTyaJIbHiCTh Npo0JeMH. 3 YypaxyBaHHSIM
TOTO, IO Ha Npoi3Hid dactuHi [liBaeHHOTO
MOCTOBOT'O TIEPEXO1Y i€ CKJIaJHE TPOCTOPOBE
HaBaHTaXEHHS JOULTBHO BUKOPHUCTATU
YHCENbHUN METOJ] BHU3HAYCHHS HAMPYyKEHO-
ne@opMOBaHOIO  CTaHy  MOKPUTTS, IO
0azyeTbCsl Ha PO3B'A3aHHI PIBHAHB TeOpil
MIPY>XKHOCTI — METOTY CKIHUEHHHUX €JIEMEHTIB, K
HAOUTBII  YHIBEpCAJbHOTO 1 e(EKTHBHOTO.
Moro 0coOnuBicTIO € Oe3rmocepeHii mepexina
BiJl KOHTHHYAJIHHOTO O0'€KTy 10 JUCKPETHOTO
aHaJTI3y IUIIXOM JIIJICHHSI 00JIacTi 00'€KTY, KM
JNOCHTI/DKYETbCS, Ha psa  mig-o0mactedd Ta
anpoKCHMAllli TOJIB TepeMillleHb, 3YCUJIb,
HaTpy)KE€Hb, HANMPUKIAJ, 3 BHKOPUCTAHHSIM
1H)KEHEPHO-PO3PaXyHKOBOTO KOMILIIEKCY
ANSYS.

AJTOpUTM aHANITUYHOTO OIHUCY TPUBUMIPHOI
YUCENBHOI MOJENi. 3aCTOCYBaHHS YHMCEIBHOTO
MOJIETIIOBaHHSI OOYMOBJIOETHCS TUM, IO CXEMHU
HABAaHTAXCHHS YCKJIQJHIOIOTHCS 1 TOTPEOYIOTh
MIPOCTOPOBOTO BHPIIIEHHS 3a7adi 3 METOI0
MiABUIIEHHS SIKOCTI TPOEKTYBAaHHS TTOKPHUTTS

MOCTOBOI'O nepexoy. TpuBumipHe
MOJICTIIOBAaHHSI MAa€ 32 OCHOBHY METY YCYHYTH
HEJIONIKA JTOCJIIIKEHHS CHJIOBOT'O

HAaBaHTA)XEHHS Ta MILHICHUX XapaKTEpUCTHK
MOKPUTTS MiJi HABAaHTAKEHHSM BiJ] TPAHCIOPTY
y TIockiii moctaHoBmi. lle mae MOXIMBICTH
OUTbII  O0’€KTUBHO OIHUTH €(EKTUBHICTh
B3a€MO/Iii TPAHCHOPTY 3 TOKPUTTSIM MOCTOBOTO
nepexoay 3 OISy Ha MiHIMaIbHY 3MiHY
MOKPUTTSL.

JUis bOro IIMPOKO 3aCTOCOBYIOTH 1H)KEHEPHO-
pPO3paxyHKOBI  KOMIUIEKCHM  Tumy  ANSys,
SolidWorks, Inventor ta ixmii, sKi JO3BOJSIOTE
BUKOPUCTOBYBaTH BCTaHOBJIEHI OCOOJIMBOCTI
MOBEIIHKU MOKPHUTTS i/l HABAaHTAXKEHHSM.
BukopucTaHHs TakMX KOMIUIEKCIB JI03BOJISIE
3MEHIIUTH TEPMIHM BUKOHAHHSA TEXHIYHUX
PO3paXyHKOBHX OIEpalliii, CyTTEBO CKOPOTHUTH
TEpPMiH OTPUMAaHHS PE3yJIbTaTiB JOCTIIKEHb Ta
CTPOKM  MpoekTyBaHHSA. KpiM  KUIBKICHHX
MOKa3HHUKIB, BUKOPUCTAHHS TAaKUX KOMILIEKCIB
JI03BOJISIE OTPUMATH BI3yaJIbHO SIKICHY KapTHHY
OTpPUMaHUX PE3YNbTaTiB.

Mogens  4YaCTUHM  MOCTOBOIO  IMEPEXOY
BukoHaHa B cepenosuiii Mechanikal Desktop,
10 HaBeIeHa Ha puc. 1.

®i3uK0-MeXaHIYHI BIACTUBOCTI MOKPUTTS Ta
METAJIOKOHCTPYKIII{, HABAHTA)XEHHS, KOHTAKTU
Ta TpaHUYHI YMOBM 1O BHpIIICHHS 3ajadi
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Urgency of a problem. Taking account of
the fact that there is complex space load on
the carriageway of the South highway stream
crossing it is reasonable to use numerical
method for determination of stain and tension
pavement condition based on the solution of
elasticity theory equations - Finite Element
Method as the most universal and efficient
one. Its particular feature is a direct
changeover from the continual subject to
sampling analysis by the way of investigated
subject area division into the range of sub-
areas and approximation of displacement
fields, forces, tension, for example with the
application of engineering calculating
complex ANSYS.

Analytic Description of Three-D Numerical
Model Algorithm. The application of
numerical modeling is determined by the fact
that load patterns are becoming more
complicated and require spacial concept in
order to enhance the quality of overpass
pavement design. Three-D modeling main
goal is to remove the drawbacks in the
investigation of power load and pavement
strength properties under traffic load in flat
setting. This enables us to estimate more
efficiently traffic and overpass pavement
interaction  efficiency  considering the
minimum pavement change.

Engineering calculating complexes like
ANSYS, SolidWorks, Inventor etc. are
widely use for this purpose and enable us to
use specified pavement behavior patterns
under load.

The application of such complexes allows to
shorten the engineering design operations
performance period, to decrease essentially
the investigation result generation term as
well as the design time. Accept for quality
quantitative characteristics the use of such
complexes enables us to receive high quality
visual picture of the results obtained.

The model of overpass part is created in
Mechanikal Desktop shown in (Fig. 1.).
Mechanical and physical pavement and
structural steel parameters, loads, contacts
and boundary conditions for the purposes of
task solution have been created within
Ansys framework as well as models
breakdown into the network of fine elements
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BUKOHaHO B cepenoBulli Ansys. Tam ke
3MIMCHEHO pO30MBaHHS MOJIEICH Ha CITKY
CKIHYCHHHX €JICMEHTIB Y BUTJISII TETPACIPiB.

HaBenemo anropuTM aHajdiTHYHOTO  OIUCY
3ajadyi 'y TPUBHUMIPHOMY  MpPOCTOpi  JUis
MIPOCTOPOBOTO E€JIEMEHTY MOjeNi (TeTpaeapa),
onucanuii B [1,7]. Po3B’s3anHHs 3amaui s

TPUBHMIPHOI  TIJCHCTEMH  BUKOHAHO B
cepenoBwiii Ansys.

Po3paxyHkoBy cXemy i 30BHIIIHIX
HABAaHTAXCHb  HA  TIOKPUTTS  MOCTOBOTO

nepexoay, B JaHOMY BHIIQJIKy, HNPUBEICHO Ha
puc. 2.
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Pucynok 1 — Mojenb 4YacTUHH MOCTOBOIO
nepexony
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Pucynok 2 — Cxema HaBaHTaXEHb HOKPHUTTS
MOCTOBOTI'O MIEPEXO0.y BiJl TPAHCIIOPTY

Ha moxputTss MOCTOBOTO mepexoay i€ THCK P
Bi KOJNIC  TPAHCIOPTHUX  3aco0iB, IO
pyXaloTbCs B TpPU psAOd IO MOCTOBOMY
nepexony. Tuck P piBHOMIPHO MO I SITHY
KOHTAaKTa.

Bincrane Mk konecamu mnpuitHsaTa 2100 Mm.
[TokpuTTst  poO3rNIAgA€ThCS TMPH  BUKOHAHHI
pO3paxyHKIB SIK MPYXKHE TUIO Ta CTaTUYHO HE
BHU3HAa4Y€HAa KOHCTPYKIIiSi MOCTOBOTO IEPEXOIy.
B sixocTi 3MiHHUX (DaKTOPIB, SIKI HA HAILY AYMKY
YUHUTUMYTh HaWOUIBII CYTTEBUH BIUIMB Ha
3MIHYy  HaIpy»KEHOro CTaHy  IOKpPUTTS
(po3TAryloud  HANpyXeHHs), MpH  IHIIUX
HE3MIHHHMX YMOBAaX, IPUHHATO HACTYIIHI:
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in the tetrahedron form.

Here is the algorithm of task analytic
description in the three-dimensional space for
a special model element (tetrahedron),
described [1,7]. Task solution for three-
dimensional sub-system made within Ansys
framework.

Analytical model of the external loading
impact on the overpass pavement in this case
is provided in (Fig. 2.).
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Figure 1 — The model of the bridge
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Figure 2 — Model of loading on the overpass
pavement the bridge from traffic

Analytical model of the external loading
impact on the overpass pavement in this case
is provided.

The overpass pavement is being influenced
by the pressure P from the traffic wheels
moving in three lines along the bridge
overpass. Pressure P is proportionally
distributed over the contact patch.

The distance between the wheels is accepted
as 2100 mm. The pavement is considered to
be an elastic body and statically
undetermined highway stream crossing
structure as calculating. The following
factors are accepted to be changeable factors
which in our opinion will have the most
substantial influence on the change of
pavement tension state (spreading the
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X3 — TOBIIMHA TOKPUTTS, h, MM;

X2 — THCK BiJI TpPAaHCIOPTHUX 3aco0iB Ha
nokputts, P, MIla

X3— MOJIyJIb IPY>KHOCTI TOKpUTTS, E, Mlla;

X4 — piaMeTp 1’ sITHA KOHTakKTy, D, M.

PiBHi 3miHHMX (akTOpiB Ta IHTEpBAIM iX
BapilOBaHHS BUOpaHI HAa OCHOBI aHaNi3y THIIB
MOKPUTTSA, HOTO BJIACTUBOCTEN, HABAaHTAXKEHb Ta
I’ SITEeH KOHTAKTY BiJl TPAHCIIOPTHHX 3aCO0i1B, SIKi
npuBeneHo B Tabmwii 1. [Ipu 3miHi 3HaueHb Oyb
— SKMX BHUXIIHUX (DaKTOpPiB € MOXIIMBICTD
OTpPUMAaHHS (b yHKIIOHATEHOT 3aJICKHOCTI
HANPY)KeHb B XapaKTEpHUX TOUYKaX BiJ 3MiHH
1poro ¢axkrtopy. BusHaueHHs HaNpy>KEHOTO CTaHy
B TOYKaX MAacHBY MOKPHTTS BiJl 3MIHH JIEKUTBKOX
daxTopiB mOTpeOye MpOBEeNEHHA (PAKTOPHUX
eKCIIEpIMEHTIB 3 O0’€KTUBHMM  BHOOpOM
KOMOIHaIli/ 3HaUe€Hb HEOOX1THUX MapaMeTpiB.

Tabauusa 1 — PiBai 3MiHHHX (akTopiB Ta
IHTEepBaJIM iX BapilOBaHHSA TIPU JOCIIKEHI
BIUTUBY  HABAaHTAXCHb  BiJl  TPAHCIOPTHHX
3ac001B HA MMOKPUTTS

tension) under other permanent conditions:
X1 — pavement thickness, h, mm;

X, — pressure from vehicles over the
pavement, P, MPa;

X3— pavement elasticity modulus, £, MPa;
X4 — contact patch diameter, D, mm.

The levels of changeable factors and
variability intervals have been chosen basing
on the analysis of pavement types, their
properties, loads and contact patches from
vehicles, provided in (table. 1).

In case any background factors change there
IS an opportunity to get strain functional
relation in the characteristic points caused
by the change of this factor. The
determination of tension state in the
particular points of pavement under the
change of several factors requires factorial
experiments involving unbiased sampling of
essentials value patterns.

Table 1 — Levels of variables and intervals
of variation in study the influence of stress
on the vehicle to cover

PiBHI BapitOBaHHS InTepsa Levels of variation .
Hezanexni | Bepx- m Independ Low varying
L “PX" | Ocmo- | Huox- . ent Uppe | Main intervals
3MiHHI Hill + " . BapiroBa ; er .
BHUM | Hiif — . variables | r+1 0 Ai
1 HHA Ai -1
h, h,
X1 mm 90 80 70 10 X1 mm 90 80 70 10
P, P,
X2 Mpa 1,0 0,9 0,8 0,1 X2 Mpa 1,0 0,9 0,8 0,1
X3 E, 7000 | 5500 | 4000 1500 X3 E, 7000 | 5500 | 4000 1500
Mpa Mpa
x4 | P | 360 | 330 | 300 | 30 xa | P 1360 | 330 | 300 | 30
mm mm

B pe3ynbTari MOXKHAa OTpPUMAaTH MaTeMaTHYHY
Mozens (MM) HampykeHb B XapaKTepHHX
TOYKaX TOKPHUTTA BiJl 3MIHM 3OBHIIIHIX
(bakTopiB BUAY:

y = f(X,%,...X,) 1)
ne Y — ¢yHKUiS BIATYKY, Y JaHOMY BHUIAIKY
PO3TATYIOUM  HANPYKEHHS O y  TOKPHTTI
MOCTOBOTO Tiepexoay; X — (dakropu, M0
BIUIMBAIOTh Ha HANIPY)KEHUH CTaH MOKPUTTS.

OTpumMaHHs MOJENi BKa3aHOTO BUAY JO3BOJUTH
BCEOIYHO MpoaHATI3yBaTU 3MIHY HaIMpPy>KEHOTO
CTaHy MOKPHUTTS B XapaKTepHUX TOYKaX Ta B
MacuBl B IIJIOMY TpH 3MiHI 3Ha4Y€Hb BXIJIHHUX
napamerpiB. lle macTte 3Mory B KiHIIEBOMY
paxyHKy BHU3HAUWTH pallioHATbHY KOMOIHAIIIO

169

In the result we can get strain mathematical
model (MM) in the characteristic points of
pavement depending on the change of
external factors:

y=f00 %) (1)
where: y — is a response function, in this case
spreading the tension o over the overpass
pavement; x — factors which have influence
on the pavement tension state.
In case we get the model of the above
mentioned type this will enable us to
analyze across-the-board the change of
pavement tension state both in particular
points and in the massive as a whole under
the change of initial parameters value. This
will allow us in the long run to identify a
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3HAa4YeHb BXIJHUX TapaMeTpiB, sKi 3a0e3rnevarsb
MiHIMaJIbHI 3HAYCHHS PO3TATYIOUUX HAIPYKEHb
Ta MAaKCUMaJIbHY JIOBTOBIYHICTh IIOKPHUTTSI.

[ToOymoBa MaTeMaTHYHUX MOJIEIICH HAIPY>KEHOTO
CTaHy TIOKPUTTS MOXJIMBA JIMIIE Ha OCHOBI
OJICP)KAHUX JIAaHUX (PAKTOPHUX EKCIICPUMEHTIB,
¢i3nuHKX a00 YHMCENbHUX. 3BaXKAIOYM HA TeE, L0
nmpoBeAeHHST ~ (I3UYHUX  EKCIIEPUMEHTIB €
JOCTaTHBO  TPYAOMICTKMM,  BapTICHUM  Ta
TPUBAIUM Y dYacl TPOIECOM, TO  OUIbII
pallioHaJIbHUM € 3aCTOCYBAaHHS Ui BHUPILICHHS
MOCTABJICHUX 337124 YHUCEITbHUX (KOMIT FOTEPHHX )

EKCIIEPUMEHTIB.

AJIeKBaTHICTh pe3ynbTaTiB YHCENbHUX
EKCIIEpUMEHTIB B 00OB’S3KOBOMY TMOPSIIKY Mae
OyTu HiaTBEpIKEHA GIBUIHIMEI

eKxcriepuMeHTamMu. Bubip pamioHaqTsHIX 3HAYE€Hb
BUXIJHUX  IlapaMeTpiB, MI0  BHU3HAYAIOThH
PO3TATYIOUM HANpYy>KEHHS B TOKPUTTI, MOXeE

OyTu 3a0e3neueHuit TUTaHYBaHHSM
€KCIIEpUMEHTIB.
Icnye Benmuka KUIBKICTH BapiaHTIB  IJIaHIB

npoBeJCHHST (aKTOpPHUX eKkcrepuMeHTiB [1, 6].
I3 [2, 5] BumiuBae, MO0 ONTUMAILHUMH IS

BUpIIICHHS TIOCTAaBICHUX 3agad € IUIaHU
IPYroro mopsiaKy.
[Inanm  gpyroro  mopsaKy  KBaIpaTHYHHX

Mojenei, 01u3bki 10 D-ontumanbHux THMY By,
3HAWIUIM HaMOLIbII IIMPOKE BUKOPHCTAHHSA,
MOPIBHSIHO 3 OpPTOTOHATTLHUMU Ta
poTtotabenpbHUMU  TulaHamu  bokca.  Bonum
BIJIPI3HAIOTHCS BiJ I1HIIMX IUJIaHIB JPYroro
MOPSIIKY MEHIIOK  KUTBKICTIO  JIOCHIIIB  Ta
MOJKJIMBICTIO OTPHUMAHHS OLIHKHU KOE(QIIi€HTIB
perpecii 3 MIHIMAJIbBHUMH TUCTIEPCISIMH.

Omxe, g MmOOYAOBHM MaTeMaTH4YHOI MOJEi
(piBHSIHHSI perpecii) BU3HAUEHHS HaNpy>KEHOTO
CTaHy TMOKPUTTS  CKOPHCTAEMOCS  MOBHUM
(akTOpHUM TUTAHOM 1 TaHoM Tumy Bp s
KBaIpaTUYHUX MOJICIICH.

I[Ipy  moOymoBi  mnaHy  MOBHO(AKTOPHOTO
eKCIIEPUMEHTY ISl OTPUMAHHS MaTeMaTUYHUX
MoJIeNiel, 3 BapiloBaHHSAM 3MIHHHMX (DaKTOpiB Ha
JIBOX PIBHSIX, YMCJIO HEOOXITHUX EKCIEPHMEHTIB
piBae 2%, 1e xk — KiIBKICTH (akTopiB. Y pasi
nepexoy A0 IUIaHIB TUMY By, Ui KBaAPaTUIHUX
MOJIeNIeH KUTBKICTh €KCIIEPUMEHTIB BU3HAYAETHCS
TakuM 4YMHOM, MpPU BU3HAYEHHI HAMPYKEHOTO
CTaHy TIOKpUTTS Yy JaHOMY JOCIiKCHHI
MiHIMaJIbHA KUIBKICTH YHUCEIBHUX JOCIIIIB
IOBHUHHA CKJIaJaTHU 24 =16 IS sipa Taany. Y
pa3i HEOOXIAHOCTI 1O IUIaHy MAOAAIOTHCA 8
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reasonable pattern of initial parameters
value which can provide minimum value of
the tension stress and maximum pavement
durability.

It is possible to construct mathematic
models of the pavement tension state only
basing on the

data received in the result of factorial
experiment either physical or numerical.
Taking account of the fact that physical
experiments are rather expensive, time and
labour consuming then it is more reasonable
to carry on numerical (computer)
experiments in order to achieve the
objectives.

The faithfulness of such numerical
experiments should be obligatory confirmed
by physical experiments. The choice of
initial parameters rational values
determining pavement tension stress can be
insured by the way of experiments planning.
There is a huge number of options for the
factorial experiment design [1, 6], [2, 5],
having studied which we consider that the
optimal one in order to achieve the
objectives there is a second-order design.
Second-order quadratic model designs are
similar to D-optimal type B, and are the
most  widely used comparing with
orthogonal and rotatable Box design. They
differ from other second-order designs by
small number of experiments and the
opportunity to get regression estimated
coefficient with minimum dispersion.
Therefore in order to build a mathematic
model (regression equation) for pavement
tension state determination we will use a full
factorial design and B, type design for
quadratic models.

At the construction of full factorial
experiment design in order to receive
mathematic models with variation of
changeable factors at two levels, the number
of the experiments required equals 2", where
k — IS the number of factors. In case we use
B, type design for quadratic models the
number of experiments is determined as
follows 2 + 2x.

Consequently, the minimum number of
numeric experiments at the determination of
pavement tension state under this
investigation should be 2* = 16 for design
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3ipkoBUX TOYOK. [loOymoBa Ha emmipu4HOMY
pieui [1 ,9] maremarnusoi moaeni tumy [10], 1o
OIHCYE 3aJICKHICTh HANPY>KEHb B ac(haibTOOCTOHI
i €0 TPAHCIOPTY 3 ypaxyBaHHIM (aKTOpiB,
SIKI BIUTMBAIOTh HAa HAMPYXXCHUU CTaH TIOKPUTTS Y
BIAMOBITHOCTI 3  MAaTpHICIO  IUIAaHYBaHHS,
JIO3BOJIUTH 3HAWTH BEIWYMHU HATNPYXEHb Y
XapaKTEpHUX TOYKAX 1 BHUPIMIMTH 3a/a4i BUOOPY
paliOHATEHUX TOBIIWH MOKPUTTSI.

[lnaH BUKOHAHHS YHCEIBHOTO EKCIICPHMEHTY
npuBeaeHo B Tabm. 1.

CnocoboMm BU3HAYECHHS Koe(irieHTiB
MaTeEMaTHYHOI MOJENl € METOJ] HaNMEHIINX
kBagpatiB  (MHK), 3actocyBanHs  sikoro

o0rpyHTOBaHo y [4].

Ile 3HAuUTH, MO BHJ MOJAETI BH3HAYAETHCS
Harepesl, OCKUIBKM CTPYKTypa  «IIYKaHOI»
emmipuyHoi (yHKIIT JOCTEMEHHO HEBiAOMA.
[TigOip xmacy abo Tumy (QyHKIIH 311HCHIOETHCS
Ha OcHOBi ampiopHoi iHdopmarii [8]. Bubip
tuny MM Ha mouaTKy JOCIHiIKEHHsSI 0a3yeThes
Ha TinoTe3i npo JiHIHHWK BIUIMB (akTOpiB X; HA
BeIMYMHY (YHKIIT BIATYKY, IO BHBYAETHCA.
MareMaTtuuHi Mojeii, OTPUMaHi 3a JaHUMH
eKCIICpUMEHTIB € EMITIpUIHUMHU
(CTATHCTHYHUMH).

OCKIZTbKM  CTaTUCTUYHI MaTeMaTU4Hl MOJeNl
NpU3HAYEeHI He JJIS OMHUCY MEXaHI3My sBHILA
BU3HAUEHHSl HaNpyXeHb B acQajbTOOETOHI, a
JUIi BHU3HAYEHHS TOBENIHKM CUCTEMH, NpHU
BuOOpi Buny GyHKIII OyaeMo BHUXOAUTH 3
npuHiuny — npocrotd  [7].  OcraHHbOMY
HalKpallle BiJINOBIAAIOTh MOJTIHOMIAIbHI MO
nopsiAKy m, siki it K-3MiHHHX ~ (hakTopiB
3aIUCYIOThCS, SIK:

k k k k k k
Y:au+2a|X|+z Zamx\xn +Z Z Zalﬂjxl Xn X] +"'+a12..kX1X2"'Xk+§
i=1 i=l Q=141 i=l Q=141 i=n+l (2)

ae o, @i, Qin, Ainj — KOEQIIEHTH 3HAYYHIOCTI
MOJITHOMIAIBHOT MOJIENI.

Y MareMartuuHy MOJENb BBEACHUHN JOJIAHOK &,
KU BioOpakae BIUIMB BHUITAJKOBUX (DaKTOPiB
Ha pe3yabTaTH  pPO3paxyHKy KoeQili€HTIB
3Ha4ymocTi mojeni. Bennunna & ne moxuOka
Mojeni abo 3anumok. Ll BeawymHa BHIIAIKOBa,
il MaremMaTU4yHe OYiKyBaHHS JOPIBHIOE HYIIIO, a
mucniepcist Sy2 # 0.

AHaNi3yl04l pe3yabTaTH 3a TaKOK MOJEIUIIO
Mae OyTH peasli3oBaHUMN MPUHITUIT BIAMOBIAHOCTI
a00 mpHHIUI ajekBaTHOCTI mMozeni [7]. Y pasi
HEaIeKBaTHOCTI 3aleKHOCTI (3), po3rasaaeThes
MO>KJIMBICTh TOOYZAOBU KBaAPATHYHOI MOJIEIII:

171

core. In case of necessity 8 star points
should be added to the design.

Construction at empiric level [1, 9] of
mathematic model type [10] describing the
dependence of tension at asphalt-concrete
under the influence of traffic taking account
of factors which influence the pavement
tension state in accordance with the planning
matrix, will enable us to find stress rate in
particular points and achieve the objectives
sk 2° + 2«. regarding the choice of rational
pavement thickness.

The numeric experiment design is provided in
(table. 1).

The way to determine mathematic model
coefficients is the least squares method (LSM),
the application of which is justified [4].

This means that the model type is
determined beforehand as the structure of
“desired” created function is not completely
known. Selection of function class or type is
made basing on aprior information [8]. The
choice of type at the beginning of the
investigation is based on the theory of x;
linear factor influence on the investigated
response function value. Mathematic models
received in the experiment result are empiric
(statistical).

As statistical mathematic models are designec
not for description of mechanism measuring
the strain in the asphalt-concrete but for
definition of system behavior, we will judge
from simplicity principle when choosing the
function type [7]. Polynomial models of m
order correspond this principle the best and
are written for k-variable factors as follows:

k k k k k k
Y :ao +Zl:a\xl +z ZamXIXn +Z z Zalﬂjxl Xn Xj +'"+a12.kX1X2"'Xk +§
i=

)
where: ao, ai, ain, ainj — IS polynomial models
importance index.

Addendum ¢ reflecting the influence of
chance factors on the results of model
importance coefficient estimation has been
introduced into the mathematic model. ¢
value is a model margin of error or excess.
This value is randomized, its mathematical
expectation equals zero and dispersion
equals S, # 0.

In case we analyze the results using this
model the conformity principle or model
validity principle should be realized [7]. In
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k k k k
Y=a,+ ) aX+ > ax +y, > agk X, +¢
i=1 i=1+1 i=1l =i+l (3)

Posnonin momniB nedopmamniii B OPTOTPOMHIN
IJTUTI MOCTOBOT'O TIEPEXOY BiJl Ail TPAHCIIOPTY.
JlJis BU3HAYEHHS HAMPY>KEHOTO CTaHy MOKPHUTTS
MOCTOBOT'O nepexoy, BIJIIIOBITHO bi (o)
PO3paxyHKOBOi cxeMu (puc. 2) Ta BHUXITHUX
JaHUX HaBeJeHUX B Tabin. 1 Oylo BHKOHAHO
nocmikenHs no BusHaueHHI0 HJ/IC mokpurts
METOJ0M CKIHUCHHHX €JICMEHTIB, 3a
METOJIOJIOTI€I0 HABEJCHOK B OCHOBHUX PIBHSIX
(1-3), 3 3aCTOCYBaHHSIM MIPOrpaMHOTO
KOMILIEKCY Ansys.

Tunosuit MIPUKJIIA] pO3MOILTY [IOJIIB
nedopMmariii y 4acTWHI MOCTOBOTO IEPEXOIY
IIpU TPAHCIOPTHOMY HABaHTA)KEH1 HABEJEHO Ha
puc. 3. Ha ocHOBI OTprMaHHX pe3yJbTaTiB MOKHA
3poOUTH BUCHOBOK PO T€, 1[0 MAKCUMAJIbH1 TOJIS
nedopmariiii  po3MOBCIODKYIOTECS B KOHCOJIBHIM
YacTHHI crnopyau. MakcumanbHi  aedopmarrii
cknanaroth 10,9 mm. Taki pe3ynbTaTi 30iratoThest
3 JaHWMH, W0 OTpPUMaHi B  pe3yibTaTi
eKCIIEpIMEHTAIILHOT TepeBipky  aedopmartiii B
KOHCOJIbHIA YacTHHI MOCTa BiJl Aii TPaHCIIOPTY
[1, 10]. Otpumani naui cknagaTe 10 MM (UB.
puc. 3). Pizuuusa He nepesuinye 9%, 1m0 Moxe
CBIIYUTH TIPO JOCTAaTHHO BHCOKY 301KHICTH
pe3yNbTaTiB OTPUMAHHUX EKCIIepUMEHTANBHO [1,
10] Ta Ha mozeni.

&%
Total Deformation

ype: Total Deformation
Unit

15e+003 5e+003 {mm)

3,75e+003

Pucynok 3 — Iloms nedopmariii MOCTOBOTO
nepexoay Bij Aiil KOJiC TPaHCIIOPTHHUX 3ac00iB

Ha puc. 4 nokasani pe3yibTaTu €KBIBaJICHTHHX
Halpy>XeHb TOKPUTTA Ta METAIOKOHCTPYKIIIi,
sgKka BignoBimHO Mae Ourbm 3Haunuii HJIC.
ExBiBaJIeHTH1 HampyXEeHHS, B OKPEMHUX MICIISIX
ckJ1agaTh 01u3bko 80 MIla.

Hampyxeno-gedopmMoBaHuii  CTaH  MOKPUTTSA
MOCTOBOTO  TEpeXOqy B 30HI  KOHTaKTY
TpaHcropty. THMOBI pe3ynbTaTH BU3HAYEHHS
HOPMAJIbHUX PO3TATYIOUUX HAMpPYXEHb, IO
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case there is correspondence inadequacy we
consider the opportunity to design a
quadratic model:

Y=a0+iaixi+zk:aﬁxf +Zk: iainxi X, +¢ (3)
Deformation  fields distribution in
orthotropic slab of bridge crossing under
action of traffic.

In order to measure pavement tension state
of the bridge crossing in accordance with
design model (Fig. 2.) and initial data
provided in (table. 1).

The investigation has been carried out to
estimate pavement stress-strain state using fine
element method and methodology provided on
the mail levels (1-3) with the application of
Ansys bundled software.

Atypical example for deformation fields
distribution in one of the bridge crossing
sections under traffic load is provided at (Fig. 3).
Basing on the results received we can
conclude that maximum deformation fields
are distributed in the cantilever arm of the
structure. Peak strain makes 10.9mm. These
results coincide with the data received in the
result of the experimental test of
deformation in the in the cantilever arm of
the bridge under traffic load [1, 10]. The
data received is 10mm (Fig. 3). The
difference does not exceed 9% that can be
indicative of the rather high reproducibility
of the results received in experimental way
[1, 10] and from the model.

&%

Tatal Deformation
Type:Tota Deformation
Unit-mm

Tome: 1
BEANDD

25¢+003 5e+003 {mm)

Figure 3 — Fields strain bridge from the
action transport

The provided results (Fig. 4) of equivalent
stress in the pavement and steelworks,
which accordingly has more essential stress-
strain state. Equivalent stress in some points
make approximately 80 MPa.

Bridge crossing pavement stress-strain state in
the traffic contact surface.The following stage
of the investigation should measure stress-
strain state in the traffic contact surface and
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II0Th B TOKPUTTI, SKEe pO3TAllOBaHE Ha
OPTOTPOIHIA TUIMTI, BIAMOBIAHO JO JaHHUX
po3paxyHKoBOTro mosioskeHHst Nel (tabu. 2).

&%

Equavalent Sress P
Type: Equivalent {von-Mises) St

Unit: MPa
Time: 1
1B021233

80,088 Max
LS
62281

5339

88988 L25e+083 3754003

8.8793-5 Min

Pucynok 4 — Pesynaptat  poO3paxyHKY
eKBIBAJICHTHUX HANpYy)KeHb B TOKPUTTA Ta
METaJIOKOHCTPYKIIi{

Haii0inpii 3HaYeHHS pO3TATYIOUMX HAIPYKEHb
CIIOCTEpIraloThCs B KOHCOJBHIA  YacTHHI
MOCTOBOTO Tiepexoy (st qaHoro Bunaaky 4,07
Mlla, npu ToBmuHI mapy 90mm, tucky 0,8 Mlla
Ta MOIyJs HpyXHOCTi marepiamy 7000 MIla),
TOMY Hajajll OyAeMO poO3IJsaTH 3HAYCHHS
CaMoro KpaitHbOTO I’ sITHA KOHTaKTy
TPAHCHOPTY 3 MOKPHUTTAM Ha KpaiHii mpasii
noJioci pyxy. OlLiHKa BIUIMBY ()aKTOPIB HA 3MIHY
PO3TATYIOUMX HAIPY)KEHb B MOKPHUTTI MOCTa B
pe3ynpTaTi Al  Ha  HBOIO  TPAHCIOPTY.
3aBJIaHHAM € OLIHUTH, 5Ki K 3 BHUILEHABEIEHUX
(akTOpiB BIUIMBAIOTH Ha 3MIHY pPO3TATYIOUHX
HamnpykeHb B MOKPUTTI B pe3ynbTaTi Aii Ha
HbOT'O TPaHCHOPTY. 3a OTPUMaHUMU
pe3yabTaTaMH, 3aCTOCYBABIIM IOJIHOMIaJIbHY
MoJIeNb i 4-3MiHHHX (akTopiB THILy (3), Oyio
OTPUMaHO pPIBHSAHHS perpecii s BHU3HAYECHHS
3MIHH pO3TATYIOUMX HaIlpYy)XeHb B BEPXHIX
rapax MOKPUTTS MOCTOBOTO TIEPEXO.TY:

Gpy=421 — 0,55x; + 0,481, -0,3x5 + 0,45
+0,056 x. - 0,039 x2-0,049 x2+0,031 X% (4)

OCKiNBKM OTpHMaHa MaTeMaTUYHa MOJCTh €
EMIIPUYHOI0 (CTATUCTUYHOK), II€ 3yMOBIIOE
000B'I3KOBE BUKOHAHHS CTATUCTUYHOTO aHAJI3Y
il pe3ynbTaTiB.

[IpaBunpHa  00poOKa Ta  BUKOPUCTAHHS
pe3yabTaTiB  YUCEIBHUX EKCHEePUMEHTAIbHUX
JOCIIKEHb MOJKJIMBI TUIBKM y BHIAJKY, KOJU
aucriepcii B KOXKHIM TOYII JOCHIAY OJHAKOBI
(omHOPiAHI). [TepeBipka OJTHOPIHOCTI
JAMCIePCiii BUKOHYEThCS Ha OCHOBI [3].
[TepeBipka 3aKOHY po3mnoaury
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bridge crossing pavement (tabl. 2).

&9
Equivalent Sress
Type:Equivalent fon-Mises)
Urit:MPa
Time:1
BBAIURR

80088 Max
L
62281

339

s 12564083 3754
88793 5Min

Figure 4 — The results of calculation of
equivalent stresses in pavements and metal

The typical results of normal tension stress
measurement, acting in the pavement
locating on the orthotropic slab, are in
accordance with the design parameters.
The highest tension stress values are in the
cantilever arm of the bridge crossing (in this
case,07 MPa, at the layer thickness 90mm,
presser 0,8 MPa and material elasticity
modulus 7000 MPa), for this reason we will
further consider the farthest contact patch
value of the traffic with pavement at the
right outer lane.
Estimation of factors influence on the
change of tension stress in the bridge
pavement in the result of traffic impact. Our
task is to estimate which of the above
mentioned factors influence the change of
tension stress in the pavement in the result
of traffic impact.
On the base of the data received and having
applied polynomial model for 4 variable
factors type (3) we have received regression
equation to measure the change of tension
stress in the top layers of bridge crossing
pavement:
op=4,21 —0,55x1 + 0,48:x2-0,3-x3+ 0,45:x4
+0,056 X, - 0,039 x2-0,049 x2 +0,031 X2
(4)
As the received model is empiric one
(statistical), this  fact  predetermines
obligatory performance of its results
statistical analysis.
The correct processing and application of
the numerous experimental investigation
results can be done only in case when
variances in each investigation point are the
same (homogeneous). The check of
variances homogeneous is made on the base

[3].
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eKCIIEpUMEHTAIbHUX 3HAa4eHb B KOXHIN cepil
MOBTOPHUX JOCIHIJIB IPOBOAWIACH IUIIXOM
MOPIBHSHHS BiJHOIIEHb JUCHEPCiii KOXKHOTO
IUIAaHOBOT'O JIOCIIAY JO CyMapHOi aucrepcii
eKCIepUMEHTY 3  TAaONUYHUM  3HAYECHHSIM
Koxpena [7], mpu nepeBUIICHHI 3HAYCHHSI TKOTO
EKCIIEPUMEHTH, PE3YJbTAaTH SKUX BIAMOBITAIOTH
HEOJHOPIHUM  JUCHEPCisiM, TOBTOPIOBAINCH
3aHOBO, a B IHIIOMY BHWIIQJKy TiloTe3a Ipo
OJTHOPIAHICTB AMCHEPCiH MpUMaach.
IlepeBipka aucnepciii mo kputepito Koxpena
nojsrae 'y HactynHomy. Cepen BH3Hau€HHMX
OLIHOK JWCHepCiii 3Hai/IeHO MakCUMalbHYy Ta
BH3HAYEHO BIJHOIIEHHS HAWOUIBIIO] OLIHKHU
JMCTIEPCii 10 CyMH BCIX OIIIHOK Aucriepcii [1].
AHami3 cTyneHs BIUIMBY BHUXITHUX (DaKTOpiB
X1...X4 Ta ix xomOiHamiii Ha 3MiHY 3HAa4YEHb
HOpPMAaJIbHUX PO3TATYIOUMX HAIPY)KEHb IO OCl
OX B BepxHbOMY WIapi TOKPHUTTS JJO3BOJISE
3pOOMTH BHUCHOBKHM IpO Te€, IO CEepHO3HUH
BIUIMB YMHSTH: 3MCHIICHHS TOBIIWHU MOKPHUTTS
Ta MOIYJIsSl TPYXKHOCTI MOKPHUTTSA, a TaKOX
3pOCTaHHS THUCKY BiJ TPAaHCIIOPTHUX 3ac00iB Ta
JiaMeTpa I’ ITHA KOHTAaKTY.

Hamwmm ~ 3aBmaHHSM ~ CTOITh ~ BH3HAYHUTH
palioHaJIbHi 3HAUY€HHS TOBILWHU MOKPUTTS, abu
3HAYCHHS HOPMAaJIbHUX PO3TATYIOUYHX
HanpyxkeHb 1o oci OX B BepxHbOMY HIapi
MTOKPUTTS Oymu JOMTyCTUMUMH Ta
MiHIMaJTbHUMH.

3a  pesymbraTaMM BHKOHAHUX  YHCEIbHUX
JOCHIUKeHb HaBeAeMO TpadiuHi 3aJeXHOCTI
3MiHM HOPMAJIBHUX PO3TATYIOUHX HANPYKEHb B
HOKPHUTTI TpH 3MiHI ToBumHK mapy h. Ha puc.
puc. 5, puc. 6 moOymOoBaHAa 3aJIEKHICTDH
HOPMAJIbHUX  PO3TATYIOUMX  HAlpyXeHb B
MOKPHTTI MPH 3MiHI TOBIIMHY 1apy h mpu THcKy
Ha mokpurtsa 0,8 MIla Ta niamerpi KOHTakTy
300 mm.

45

£=0,8 MIla

4.167 E=7000 D = 300 MM

Hanpy:xenna. MIla
¥

0 75 80 85 90

ToBIHHA TOKPHTTA /i, MM
Pucynok 5 — 3MiHa HOPMAJIBHUX PO3TATYIOUHX
Halpy>XeHb B TOKPUTTI MPU 3MiHI TOBIIUHHU
mrapy h
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The check of test values distribution law in
each series of replicated experiments was
carried out by the way of variance ratio
comparison in each planned experiment and
summarized experiment variances  with
Cochren [7] tabulated point. In case the
Cochren tabulated point is exceeded the
experiments, results of which coincide with
heterogeneous variances, were repeated again
in other case the hypothesis of homogeneity of
variances was accepted.

The variances check in accordance with
Cochren’s criterium is as follows. Among the
variances  definitive estimate the maximum
value should be found and the ratio of the
maximum variance estimate to the sum of all
variance estimates is determined [1].

The analysis of the initial data X1...X4 and its
combinations influence level on the change of
normal tension stress values along the axis OX
in the pavement top layer enable us to
conclude that the decrease of pavement layer
and pavement elasticity modulus as well as
increase of presser from traffic and contact
patch diameter seriously influence the process.
Our task is to determine pavement thickness
rational values in order for the normal tension
stress values along the axis OX in the
pavement top layer to be assumed and
minimum.

Basing on the results of numerous
experiments performed we provide a
characteristic curve of the normal tension
stress values change in the pavement under
the condition of layer thickness change h. At
(Fig. 5, Fig. 6) you can see a characteristic
curve of the normal tension stress values in
the pavement under the condition of layer
thickness change h at the presser of 0,8MPa
on the pavement and contact diameter
300mm.

45

P=0,8 Mlla

4.167 E= 7000 D = 300 My

Hanpyxenna, MITa
J

0 75 80 85 90

TosmHa HOKPUTTS /I, MM
Figure 5 — Changing the normal tensile stresses
in the pavement layer with the thickness h
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4 P=08MIa | = 7000 | -~
h=80nm \7 e -
E,; L A JETEEN
£ 3.6/~ E=5500
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= E=4000
="
360 330 300

Jiametp mramma D, am

PucHok 6 — 3MiHa HOpPMAJIBHUX PO3TATYIOUMX
Halpy>kKeHb B TOKPHUTTI TNPH 3MiHI JiamMeTpa
mramna D

AHami3 TakuxX 3aleXHOCTeH  MIATBEpIKYE
NPOTHO3 TPO T€, IO 30UIBIICHHS TOBIIMHU
11apy HOKPUTTS MPHU3BOIUTH JIO 3MEHLICHHS
PO3TATYIOYM HAINPY>KEHb B HbOMY (pHC. 7).
AHai3 3anexHoctel (puc. 8) 103BoJIsiE 3p0OUTH
BHUCHOBOK NP0 T€, IO CYTTEBHH BIUIMB MOXE
YUHUTHU JiaMeTp mrTamna. 3 Horo 30UIbIIEHHIM
PO3TATYIOUH HaNpPyKEHHS 3pocTaroTh Bix 3 MIla
no 4 1 Ouible, 3 ypaxyBaHHSIM 30UTbIIEHHS
MOJTyJIsl IPYKHOCTI MaTepiaiy.

OxpiM  aHamizy okpemMux (akropiB il
TPAHCHOPTY HA 3MiHY PO3TATYIOYH HANpyXEHb,
OLIIHUMO KOMOiHaIito Aeskux ¢akTopiB. Ha Hamr
MOTJISA, HAOLIbII BaXIJIMBUM € IIPOaHaJi3yBaTu
OolHOYacHUM BIUB X1 — TOBIIMHU WIAPY
noKpuTTs, h, MM Ta X4 — niaMeTpa mramiy, npu
cepenHix 3HadyeHHsx Tucky 0,8 Mlla, ta E
=5500 MlIla. Pe3ynbTat HaBeneHi Ha puc. 9,
puc. 10.

HanpyxeHns, MMa
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4.5

P=0,8MIa _ -
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Figure 6 — Changing the normal tensile
stresses in the pavement by changing the
diameter punch D

The analysis of such dependence confirms
the assumptions that the increase in the
pavement thickness layer causes the
decrease of tension stress in it (Fig. 7).

The analysis of such dependence (Fig. 8)
enables us to conclude that stamp diameter
can seriously influence. As this stamp
increases the tension stress increases as well
from 3MPa to 4 and more, taking account of
the material elasticity modulus increase.
Except for the analysis of separate factors of
traffic influence on the change of tension
stress, let us estimate the combination of
some other factors. From our point of view
the most important thing is to analyze the
simultaneous influence of X; — pavement
layer thickness, h, mm and X, — stamp
diameter, under the average values of presser
0.8 MPa, and E =5500 MPa. The results are
reflected at (Fig. 9, Fig. 10).

B
]
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Hanpyxenns, MMa
Y
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0,8
@akTop X2

0.2
(Twck BiA

1,0
tparcropTy, Ma)

0.9
0,8
@maxTop X2

1.0

(Tmck BB TpancnopTy: MMa)

Pucynok 7 — 3MiHa HOpMaIbHUX PO3TATYIOUHX
Halpy>XeHb B TOKPUTTI MpPHU 3MiHI TOBIIWHU
mapy h ta THCKyY TpaHCHOPTY Ha MTOBEPXHIO
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Figure 7 — Changing the normal tensile
stresses in the pavement layer h with the
thickness h and transport to the surface
pressure
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Hanpysetns, MMa
Hanpysetns, MMa

Pucynok 8 — 3miHa HOpMAJIBHUX PO3TATYIOUMX Figure 8 — Changing the normal tensile
Hamnpy)XeHb B TOKPHUTTI HpPU 3MiHI TOBIIMHH stresses in the coating in the thickness of the
HOKPHTTS Ta Jiamerpa mrammna D pavement and the piston diameter D

Hanpywents, MMa
Hanpyxenns, MMa

PETOP X3 (monyne MpPYMsHGCT, Mria) PETop X3 (mogyne FpysHoCT, Mriay

Pucynox 9 — 3MiHa HOPMAJIBHUX PO3TATYIOUHX Figure 9 — Changing the normal tensile

Hanpy)XeHb B TOKPHUTTI TPU 3MiHI TOBIIWHH stresses in the pavement in the thickness of

MOKPHTTS Ta MOJYJISl TPY>KHOCTI MaTepiaia the pavement and elastic modulus of the
material

5.0 5.0

4,5

4,5

4.0 4,0

Hanpyxenns, MMa
Hanpyxenns, MMa

3,5 3,5

3.0 3,0

1,0 0.9 1.0 0.9
Paxtop X2 (Tuck na nosepxHio, Mila) Paxtop X2 (Tuck Ha nosepxHio, Mila)

Pucynok 10 — 3MmiHa HOpPMaJbHHUX PO3TATYIOUHX Figure 10 — Changing the normal tensile
Hampy>XeHb B TMOKPUTTI TpH 3MiHI THCKYy Ha stresses in the pavement when the pressure to
HOKPHUTTS Ta JlaMeTpa ITamiia cover and piston diameter

Takox  TmpoOBENEHO  JOCTIDKEHHS  3MIHU At the research changed temperature asphalt
Temreparypu achaibTOOCTOHHOTO TOKPUTTS Ta pavement and orthotropic slab with thermal
OPTOTPOIHOT TUTATH 3a JIOITIOMOTOFO imaging equipment. Results of research
TEIUIOBi3iiHOrO  obnagHanHsA.  PesynbraTth shown in (Fig. 11).

JTOCJTIIPKEHb 300paxkeHo Ha puc. 11.
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Pucynok 11 — 3mina TemIiepaTypH OXOJOMKCHHS
acharbTOOETOHHOTO TOKPUTTS Ha OPTOTPOIHIii
TUTATI MOCTOBOTO TIEPEXOTY

BucHoBok

AHami3 pe3ynbTaTiB  JIOCHIIKEHb JI03BOJISE
3pOOHUTH BHUCHOBKH, M0 HAWMEHII 3HAYCHHS
PO3TATYIOUMX HANpy>KeHb B TMOKPUTTI Oyrne
CHOCTEpIraTUCh ~ HPU  TOBUIMHI  MOKPUTTS
90 mm Ta niamerpi mramna 300 mMm. ITpu npomy
HANPYXCHHSI B TIOKPUTTI HE TIEPEBUIIYBATHMYTh
3,7 MIla.
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Figure 11 — Changing the cooling temperature
of asphalt pavement on orthotropic slab bridge

Conclusions

The analysis of the investigation results
enables us to conclude that the minimum
tension stress in the pavement will be at the
pavement thickness 90mm and stamp
diameter 300mm. under this condition the
tension in the pavement will not exceed
3.7 MPa.
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