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PO3PAXYHOK HEXOPCTKHUX JOPOXHIX OJSATI'IB Y ITPOI'PAMI UKRRDO 16

AHoOTaUig. Y CTarTi pO3MISIHYTO MpOrpamy s aBTOMAaTH30BAHOTO PO3PAXYHKY HEKOPCTKUX
nopoxHix oxsariB YKPPJIO 16. PosrisinyTo iHTepdelic mporpaMu, KOMIIOHOBKA BUXITHUX JTaHUX
Ta pe3yJbTaTiB pO3paxyHKiB. Po3paXxyHKH BeIyTbCs 3a TphOMa KPHUTEPIsIMH MIITHOCTI: 3a
JTOMYCTUMHM TPY)XKHIM TPOTHHOM, 32 YMOBOIO 3CYBOCTIMKOCTI 3€MJITHOTO TIOJIOTHA Ta IIapiB 3
MaJIO3B’SI3HUX MaTtepiajiiB, M0 MIITHOCTI Ha po3TAr mpu 3ruHi. Y Bepcito 2016 poky mobaBineHa
MOJKJIMBICTh aBTOMAaTH30BAaHOTO PO3PAaxXyHKYy Ha po3paxyHKoBe HaBaHTakeHHs 130 kH mis
NpUOIM3HOT OIIHKH, a TAKOX (YHKIIII0 popMyBaHH 3BiTY 1o po3paxynkam y MS Office Excel.
OO0’ €KT OCIIKEHHS — aBTOMATHU3allisl PO3PaXyYHKY JOPOXKHBOTO OJSTY HEXKOPCTKOTO THUITY.

Meta po0oTH — alTOpUTMIi3allis Ta MPOrpaMyBaHHS yChOTO IIMKIIY MPOEKTYBAaHHS JOPOKHBOTO
OJISITY HEXOPCTKOT'O THITY 32 YKPaiHChbKUMU HOPMATHBAMH.

MeTtoau AOCHTIKEHHS — METOAU 00’ €KTHO-OPi€EHTOBAHOTO MIPOTPaMyBaHHS.

Karw4oBi cjoBa: aBTOMaTH30BaHHMN PO3PaXyHOK, HEKOPCTKHH JOPOXKHINA oxsr, iHTepderic
Mporpa-Mu, PO3pPaxyHOK JOPOXHBOTO OJSTY, IPYHT 3EMJITHOTO IOJOTHA, BiAOMYi OyHiBENBHI
HOPMH, PO3pa-XyHKOBE HaBaHTAKCHHSI.
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THE NON-RIGID PAVEMENT CALCULATION IN YKPPIO 16

Abstract. In the article the program for the automated calculation of non-rigid pavements
UKRRDO 16 has been reviewed. Interface, layout data and the results of calculations have been
considered. Calculations have been performed for three strength criteria: permissible elastic
deflection, shear strength of subsoil and monolithic layers resistance of tensile bending. In the
2016 version two functions have been added: the possibility of 130 kN load calculation for
approximate estimate and calculations report in MS Office Excel.

The object of study - automated calculation of non-rigid pavements.

Purpose — to create algorithms and programs for calculation of non-rigid pavements by Ukrainian
standards.

Research methods - methods of object-oriented programming.

Keywords: computer-aided calculation, non-rigid pavement, interface panel, non-rigid pavement
calculation, soil subgrade, Departmental building codes, the calculated load.
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PACYET HEXKECTKHUX JOPOXHBIX OJAEX/] B TIPOTPAMME YKPPIO 16
AHHOTanus. B cTarbe paccMoTpeHa nporpamma Juisi aBTOMaTU3UPOBAHHOIO pacuéra HEKECTKUX
nopoxHbix oaexn YKPPJIO 16. Paccmorpensl unTepdeiic mporpaMMbl, KOMIIOHOBKA MCXOTHBIX
JAHHBIX M pe3ylbTaTOB pacd€roB. Pacyérel BenyTrcs MO TPEM KPUTEPUSAM IMPOYHOCTH: IIO

JIOMYCKAaeMOMY yIIpyromy nporuy, 1o ycioBHIO CIIBUTOYCTOMYMBOCTHU MOJICTUIIAIOIIETO IPYHTA U
MaJIOCBSI3HBIX KOHCTPYKTHBHBIX CJIOEB, Ha COMPOTHUBIICHHE MOHOJIUTHBIX CJIOEB YCTAJIOCTHOMY
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paspylIeHHIo OT pacTsDkeHus npu u3rube. B Bepcuio mporpammbel 2016 roga moGaBieHa
BO3MOYKHOCTh ~aBTOMAaTU3MPOBAHHOrO pacuéra Ha pacu€rHyro Harpy3sky 130 xH s
NpUOIM3UTENIBHON OLIEHKH, a Takxke QyHkus popmupoBanus otuéra mno pacuéram B MS Office

Excel.

OOBEKT HccaeI0BaHus - aBTOMATH3AIMS pacuéTa JOPOKHON OJEHKIBI.
[{enb paGoThI - aNrOpUTMU3ALIKS U IPOTPAMMHUPOBAHUE BCETO LIUKIIA IPOCKTHUPOBAHUS JOPOKHOM

OACXKIBI 10 YKPAUHCKHUM HOPMATHBAM.

MeTo/b1 HccieI0OBaHUs - METO/Ibl 00bEKTHO-OPUEHTHPOBAHHOTO ITPOrPAaMMHUPOBAHHUS.
KiroueBble c€j10Ba: aBTOMAaTU3HPOBAHHBIA pacdéT, HEXKECTKAs NOPOKHAST ONEXKIa, HMHTEpQEic

MPOrpaMMbl, pacy€T JOPOKHOM OIEHKIbI,
CTPOMTENbHbIE HOPMBI, pacuéTHasi Harpys3kKa.

Beryn
BukopuctanHs ~ aBTOMAaTH30BaHMX
PO3paxyHKY JOPOXKHIX OJIATIB J03BOJISIE:
1) CKOpPOTUTH Yac pO3paxyHKiB;
2) MiABHUIUTH SKICTh MPOEKTHUX PIlLICHb.

CUCTEM

IligBumeHss  sSKocCTi

MOJKJIMBO 32 PaXyHOK:

1) nigbopy  ONTUMAaIbHHUX

OyniBeTbHUX MaTepialis;

2) nigbopy ONTUMaIbHUX TOBILIWH IIAPIiB.

Kpim Toro, € Opak mporpamMHHX MpOIYKTiB, B

OCHOBI SIKHX JIeXKaTh YKpaiHCbKi HOPMaTHBH.

[Tporpamuunii mpoaykr koncopuiymy CREDO

Pagon UA He miaTpumMye OCTaHHI 3MiHH Y

HOpMaTHBHIH 0a3i [1].

Bce 1e o00yMoBIIOE aKTyaJdbHICTH JAaHOTO

HaTpsMKY.

Ilepiia excriepuMeHTaNbHa BEpCist IPOrpaMu 1o

aBTOMATH30BaHOMY PO3PaxyHKY JIOPOXKHBOTO

onary Hexopctkoro Tuny YKPPIO Oyna

po3pobiieHa Ha Kadeapl BUIIYKYBaHb Ta

HpOEKTyBaHHs Jopir i aepoapomie (XHAY) y

2014 pomi. 3 TUX mip  Hporpama

YCKJIa/IHIOBaJIacst ¥ yJJOCKOHAIIIOBAJIacs.
OcHoOBHa YacTHHA

Bynu Bupimieni HacTynHi 3a1a4i (pUCYHOK 1):

1) crBOpeHHs Oa3u JaHUX 1O JOPOXKHBO-

OyniBeILHUM MaTepiajlaM Ha OCHOBI HOpM [2];

2) cTBOpeHHs 0a3u TaHUX TI0 aBTOMOO1IISIM;

3) crBopeHHs  Oi0miOTeKHM  KJaciB IO

aBTOMAaTH30BaHOMY PO3PaxyHKY;

4) ctBOpeHHs uHTep(eiicy,

KOpHCTYyBaya;

5) cTBOpeHHS (QYHKLII BHBEIEHHS 3BITY B

3pyuHOMYy (hopmari.

MPOEKTHUX  pillieHb

JAOPOXKHBO-

3pYy4YHOTO IS
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TPYHT 3E€MIIIHOIO IIOJIOTHA,

BEOAOMCTBCHHBIC

Introduction
The computer-aided calculation using allows
us:
1) to reduce the time calculations;
2) to improve the quality of the design
solutions.
Improving the quality of design solutions is
possible by:
1) selection of the optimal road-building
materials;
2) selection of the optimum layers thickness.
In addition, there is a lack of software
products, which are based on Ukrainian
standards.
The software of CREDO Consortium of
Radon UA does not support the recent
changes in the regulatory framework [1].
That is why this problem is actual direction.
The first experimental version of the
program for non-rigid pavement calculation
YKPPJIO has been developed at the
Department of survey and engineering of
highways and airfields (KhNAHU) in 2014.
Since then, the program is being
complicated and perfected.

Main part

Problems, that have been solved (figure 1):
1) creation of the road-building materials
database [2];
2) creation of the vehicles database;
3) creation of the class library for computer-
aided calculation;
4) creation of the user-friendly interface;
5) creation of the report launch function in
convenient format.
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3py4YHUit iHTepdeic

GibnioTeka knacis
6a3un gaHnx onsa
aBTOMaTMU30BaHOro
AOPOXHEO- pO3paxyHKy
OyaiBenbHNX
maTepianis YHKLiA BUBOAY

3BiTYy 3a
pesynbTatamu
po3paxyHkiB

TPaHCMOPTHUX
3acobiB

Pucynok 1 — Ctpykrypa porpamu o
aBTOMATHU30BAHOMY PO3PAXYHKY JOPOKHBOTO
oasry Hexxkopcetkoro tuity YKPPJIO 16

Intepdeiic mporpamMu CKIANa€Tbcs 3 JIBOX
TOJIOBHHUX YaCTHH:

1) yactuHa, B sIKili KOPHUCTYBa4 BHOCUTH BUXIJHI
IaHHI;

2) dacTMHA, B SKIiii HaBEICHO pE3yJbTaTH

PO3paxyHKIB.

['onoBHa 0coONMUBICTH iHTEpdECY mporpamMu —
MPEJICTABICHHS BUXIIHUX JAaHUX 1 Pe3yNbTaTiB
PO3paxyHKiB Ha OJTHOMY BiKHi.

YactuHa, B sIKii KOPUCTYBad BHOCHUTb BHUXIJIHI
JIaHHI CKJIaJJa€ThCs 3 YHOTUPHOX OJIOKIB:

1) BuXimHI JaHHI 3a pe3yJbTaTaMH TEXHIKO-
€KOHOMIYHUX BUIIYKYBaHb;

2)  BuxigHi  gaHHl  Jug  (OpMYBaHHS
XapaKTEPUCTHK IPYHTY 3€MIISIHOTO MIOJIOTHA,

3) BuximHI  JAaHHI  And  (GOpMYyBaHHS
XapaKTEPUCTHK T0POKHBOIO OJATY;

4) naHHi MO 1apaM JTOPOKHbBOTO OJIATY.

brnox BUXIIHMX JaHUX 32 pe3ylbTaTaMu
TEXHIKO-€KOHOMIUYHUX BUIIYKYBaHb
CKJIa/1a€Thes 3 4 MYyHKTIB (PUCYHOK 2):

1) HaliMeHyBaHHS J1I0pOTH;

2) nepcrnekTBHa (Ha 20 pOKiB) cepeAHbOPIUHA
1000Ba iIHTEHCUBHICTD PYXY;

3) KoedilIe€HT NPUPOCTY IHTEHCUBHOCTI PYXY;

4) ckiaj TPaHCIIOPTHOTO TIOTOKY.
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user-friendly interface

database .
class library for
o computer-aided
road-building calculation

materials database

report launch
function

vehicles database

Figure 1 —The
pavement
UKRRDO 16

structure  of
computer-aided

non-rigid
calculation

The program interface consists of two main
parts:

1) the data input part;

2) the results of calculations part.

The main feature of the interface is
presentation of initial data and calculation
results in a single window.

The data input part consists of four blocks:
1) economic surveys data;

2) initial data for soil subgrade forming;

3) initial data for pavement forming;

4) pavement structure data.

The economic surveys data consists of four
item (figure 2):

1) object title;

2) perspective (20 years) the average annual
daily traffic;

3) rate of change in traffic;

4) transport flow percentage.
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g YKPPAC 16. PospaxyHok 40p0XHbLOrO 04Ary HEXOPCTKOTO TUMY 33 YKPAIHCHKMMI HOPMATHEAMIA

Biodani paHHi

1. 33 pesyneTaTamMm TEXHIKD-EKOHOMIYHIX BNWYKYEaHb

1.1 HaliMeHyBaHHA gopork c. 1-ro Cepnha - ¢. Cugopenkose 1.2 N20, aBTig. 300 1.3Koed.q 1,04

1.4 Cknap pyxy
EiACOTOK
ﬂErKDE\ﬂETDMDﬁLﬂI wichoro:
BROK-BUXiAHUX-AaHMX 33
2 12 FA3Z 2705 "TA3ens" (5 = 3.5 KAMA3 5320 +TKE 8350 (S=26.8 «

993?‘;1[;5:[@’!'3'\?'” TeXHIKOz" -
KOHOMIGHNX BULIYRYB4HLS

Cepenm EAHT&XH aBToMO0IN ABTOMOOI

6 5 3AN130 (S=9.525T) - 181 MA3Z 5048 +MAZ 52054 (S =3235 «

BUXIJIHUAX IMaHUX 3a
TEXHIKO-€KOHOMIYHUX

Pucynok 2 — biiok
pe3ynbTaTamMu
BUIIYKYBaHb

Cxitaq TpaHCIIOPTHOTO IOTOKY MOXKE MAaTH JI0
25 TpaHCMOPTHUX 3ac00iB. Y MO M0 KOKHOMY
oOpaHOMy  THUIy  TPaHCHOPTHOrO  3acoly
MOTPIOHO MOCTAaBUTH HOr0 BiJCOTOK Y MOTOLIL.
[TyHkTH 4ekOOKCiB TeHepYIOThCS 3 0a3u JaHUX
aBTOMOO1TIB (PUCYHOK 3).

P72 Crnan pyx Mo L2000 S TBs (5= 1) '
sincoTor MAN 12000 12.163 (S = 12T}
AN M2000 18224 (S = 18T)
lerri B g ST10 anuu
1 RCEDES—BENZAtegU 1300 (5 = 13.4
212 WERCEDES-BENZ Atego 1800 (S =18 143 KAMA
3 (l k= =851 15 Kamal
o & By
4 SCODA LIAZ 12.18PB (S = 12T) KamA
Mﬁgﬁo PTH nm
1T)
Cepep,ﬂl BAHT SMJ'I 13377 (5,17, 341_,, AsToMobini 3 Hanie
6 18 1 WM& o
I{AHAS 55111 (S = 2227; 19 MAS o
B 20 MAZ o
A3 53362 (S = 16.38T) .
9 MAZ 555102-2120 (S = 18 T} 21 MAZ g
MA3 B30300-2121 (5= 2657T)
Bamki ganTa: YPAN 377H (S = 14.95T) AsTobycn
103 DA 6510 (S = 24,88 7)) 2213 naz g
N

Pucynok 3 — ®opmyBaHHs CKJIay IOTOKY

baza nmanux aBTOMOOINIB Oyna 3amoBHEHa 3
HOPMAaTUBHOTO IOKYMEHTY [2].

brnox BuxigHuX gaHux s (HOpMyBaHHS
XapaKTePUCTHK TPYHTY 3€MITI0JIOTHA
CKJIQIAETHCSA 3 5 MyHKTIB (PUCYHOK 4):

1) nopokHBO-KIIIMaTUYHA 30Ha;

2) HOMEep AOPOKHBOTO paiioHy;

3) THIT MiCIIEBOCTI 3a 3BOJIOKCHHSIM;

4) TpyHT 3eMII0JI0THA;

5) INIBHICTD HUXKHBOTO IIAPYy KOHCTPYKIIT
TOPOKHBOTO OJISTY.

[TyakTH TUTst 3alOBHEHHS JIOPOXKHBO-
KIIMAaTHYHOI 30HH Ta HOMEPIB JTOPOKHBOTO
palioHy  MaloTh CBOIO  JOBIAKY  (KapTy
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E YKPPAQ 16. PospaxyHOk A0DOXHLONG OAATY HEXOPCTKOrO TUMY 33 yKPaTHCLKAMM HOPMATHBAMM

Biwdnni aani
1. 33 pe3yNETATAMN TEXHIKO-EKOHOMISHILX BHLIYKYBAHE

1.1 HaiimeHyBanns goporu c. 1-ro Cepnus - c. Cugopenrose 1.2 N20, aBT/a. 300 1.3 Koed.q 1,04

1.4 Cxnag pyxy
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Nerki BaHT xHi aBTOMOGINI
&3 2705 "TA3ens" (5 = &.

. economic surve”‘”“ -data--

A3 2705 TA3ens” (5=35T) - MA3 5320 +TKBE 8350 (S=268 «

ApTomofini 3 npryenamu

[AS 2705 "TA3ene™ (S=3.5T) v 7 KAMAS 5320 +TKE 8350 (5=268

Cepenti BanTaxH asTOMOGINI ABTOMOBIN 3 HanEnpHEnami
8 5 3N 130 (S =9.525T) - 18 1 MAZ 5048 <MAS 52054 (S = 3235 +

Figure 2 — Economic surveys data

Transport flow may consist of the 25
components. This component has required
fields: percentage of vehicles in transport
flow. Checkboxes of vehicles are generated
from the vehicles database (figure 3).

fq.xiCnmap,pyx'ﬂuuuuug- eI Y
BigcoTOl MAN M2000 12183 (S=12T)

MAN M2000 18.224 (S=18T)
1 63 MAN M2000 26.310 (S =26 T)
Neri sarrax MERCEDES-BENZ Atego 1000 (3 = 10.7 AsTomobini 3 npuug
MERCEDES-BENZ Atego 1300 (5 =131 cana

MERCEDES-BENZ Atego 1800 (=181 143
“vehictes'database)

SCODA LIAZ 12.18PB (S=12T) KAMA

fragment | -~ -
3N BOS=11T1)

CepenHi BaHT 3T 133MA (S = 17.84 7) Aptomodini 2 Hanis

L I SR X}

5 5 KAMAZ 5320 (S = 15.31 7} 18 1 MA3 o
KAMAZ 53212 (5 = 197)

7 KAMAS 55111 (S =222 7} 1% MAS 3

8 KpA3 6510 (S = 24.88T) 20 MA3 o
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e
c

Figure 3 — Transport flow forming

The vehicles database had been filled out the
normative document [2].

The initial data for soil subgrade forming
consists of five item (figure 4):

1) the road-climatic area;

2) the number of road region;

3) the type of terrain humidification;

4) the soil subgrade;

5) the density of the lower layer of the
pavement.

The road-climatic region item and the
number of road area item have help button —
map. This map load by «?» - button.
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pailloHyBaHHS),  sKa
JIOIIOMOT'OF0 KHOIIKH «7».

MiBAHTAXYEThCS 32

r N
2. AnA HopMyBaHHA XapakTepUCTHE TPYHTY 3EMNON0OTHA
P

2.1 Qopo#HE0-ENIMETHMYHA 30HA Wl -

2.2 HOMEp QopPO¥HEOrD panoHy 1 -

E

2.3 THN MICLEB0CTI 38 3B0N0MEHHAM 1 -

E

2.4 MpyHT 2EMNONOTHA  CYTNMHOK NEMKU NIGHNCTHR
2.5 HiexHiil Wwap KOHCT PYEU 4OPO#HEOMD DAY

WinEHWA @ nopucTui

2
DROK BMXIOHUX OaHUX ONA
(ﬁg&ﬁyﬁgﬁ H& 1na Pozrar, mna

1 3 2400 1200 3600 Oogatu
X2RAKTEPUGTUK LPYHIY..,
SEM HOHI@TH@ 2200 Oopatu r

2.6 KoegivieHT KO, 2

N

Pucynok 4 — ®opmyBaHHs
I'PYHTY 3€MII0JIOTHA

XapaKTEPUCTUK

bnok BuxigHuX JaHUX A8 (HOpMyBaHHSA
XapaKTEPUCTUK JOPOKHBOTO OJSTY CKJIaJAa€ThCS
3 6 MyHKTIB (PUCYHOK 5):

1) TexHIUHA KaTeropist 10pory;

2) ocbOBE HAaBAaHTAXKEHHS,

3) mnepemMukad I BCTAHOBJIEHHS KOJICHOT
CXEMH;

4) TUN 1OPOKHBOTO OJIATY;

5) cTpOK Ci1y>k0H TOPOKHBOTO OJIATY;

6) KOeQILIEHT CMYTH.

bnok BHXIAHMX JNaHMX MO LIapaM JIOPOKHHOTO
OJIATY CKJIAJIA€ThCA 3 JBOX TOJOBHUX OJIOKIB!
670K 1o ac(ambTOOETOHUM LIapam, Ta OJIOK 1O
HIIIAM TIapaM JTOPOKHBOTO OJIATY.

ATz NAZ 899 (S = 137) - N

. OpPMyEaHHA XapaKTepuETvK
OOPOXKHBOIo oosAry

3. [N (HOpMYEBHHA XaPAKTEPHCTINK AOPOXHEOTD DAATY

3.1 Kareropia goport 3.2 HazarTasetia

130 ’H (A1) @) 100 kH (A3)

EN)

la ] n il N v
15 kH (A2) 60 kH (B)

3.3 Koneca .
3.4Tun goposusoro opary.  KanansHuit (1- IV kaTerop

© opun Ganow criapeti Ganonn

3.5 CTpOK cnyx®u Aop. ofary (Tcn, pokk) 12 ? 3.6 Koedbitjier cuyrw (fomyr) 0,55 ?
\ (2] ERER)

Pucynox 5 — biok TUIA

XapaKTePUCTHK TOPOKHBOTO OISATY
B miit Bepcii mporpamu (pUCYHKO 5) 3'sBHBCS
nepeMuKay (eJIeMEeHT YHpPaBJIiHHS OIepaniiHoi
CUCTEMH) IJIsi PO3PaxXyHKY KOHCTpyKIii Ha 130
kH. ¥V HOBOMy HOpPMAaTMBHOMY JOKYMEHTI

dbopmyBaHHS
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y Y
2. Ons fopMyBaHHA XapakTEpUCTME IPYHTY SEMNONOTHE
2.1 Dopo#He0-kNiMaTHYHE 30HE Y Il - P
?
2.2 HOMEp ADPOMHLOrD paoHy 1 -
2.3 Tun MiCLEeB0CT 33 3BONO0XEHHAM 1 - >

2 4 MpyHT 2eMnonoTHaE  CYIMWHOK NErknil nigaHuctuii -

2.5 Hu#cHil Wwap KOHCTPYEL QOPO#HEOrD OgATY

WiinbHMW @ nopucTwii
2]

Ltﬁﬂ;&i‘ﬂrmance data for

h, cM-TNpormd, MMa 3cye, MNa PesTar, MNa

2.6 Koedigieht KO 2

soil subgrade ferming.
z 4 2000 1200 2800 IM
q 3 5 1400 200 2200 Hogatw r

Figure 4 — Soil subgrade forming

The initial data for pavement forming
consists of six item (figure 5):

1) technical road category;

2) axial load;

3) RadioBatton to determine the wheel
scheme;

4) type of pavement;

5) service life of the pavement;

6) traffic lane coefficient.

The pavement structure data consists of two
GroupBoxes: asphalt layers and other layers
of pavement structure.

N1A3 699 (S = 137) 1

[ 2 Kpges 6510 (S =24.88 1) 24 -
: performance data for. pavement _
forming

3. [AnA hOPMYEaHHA XaPaKTEPUCTHE AOPOAHEOND OARTY

3.1 KaTeropia gopori 3.2 HaBaKTaxetHs

3 Al) @ A3)  ———
a 5 1 o v v 130 kH (A1 100 kH (A

115 kH (A2) 60 kH (B)

3.3 Koneca =
3.4 Tun gopowcinoro ogary  Kaniranshiii (1- IV kaTerop w

@ opu Banow cnapeni Ganokm

3.5 CTpor cnysxbu gop. ogary (Ten, pox) 12 ? 3.6 KoedpiierT cuyrw (femymn) 0,55 2
L i y ¥} 0,55 2 3

Figure 5 — Pavement forming

Here, in this version of the program
RadioBatton (control of the operating
system) for 130 kN axial load calculations
has been appeared (figure 5). The new
Ukrainian standard provides the calculation
for axle load of 130 kN [3].
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nependavaeThbcs PO3PaxXyHKOBE HABAHTAXKCHHS
Ha Bicp 130 xH [3].

[ToTpiOHUIT MOAYIIE TPYKHOCTI PO3PAXYBYETHCS
3a (opmysioro [3]:

~

c, @

nomp cyM _o

E  —42843. InQN

e NCyM — CyMapHa pO3paxyHKOBAa KUIbKICTb

NPUKIaJaHHS PO3PaxXyHKOBOTO HABaHTAKCHHS
Ha HaNOLIBII 3aBaHTAKEHY CMYTY,
OJIMHUIIB/100Y;

C — xoediuieHT, AKUN
PO3pPaxyHKOBOTO HaBaHTa)KECHHS.

3aJIEKUTh  BIJI

Maemo emmipuuHy 3ajiexHicTh koedinienty C

BiJ PpO3paxyHKOBOIO HaBaHTaXECHHS
(prcyHOK 6).
450
© 400 {—$—
(=
£ 350 S
| AN
= 300
3
& 250 | Y =-0,015x2 +R 20@}23x+ 408,48 ™~
200 } } }
50 70 90 110 130 150
Po3paxyHkoBe HaBaHTa:keHHs, KH

Pucynok 6 — 3anexnicte koedimienry C Bin
PO3paxyHKOBOI'O HABAHTa)KEHHS

3anexHicTh KoedirieHTy C BiJ po3paxyHKOBOTO
HaBaHTAKEHHS HaBeJeHO y Tabnuii 1.

Tabamnusa 1 — 3anexnicts koedimientry C Bifg
PO3paxyHKOBOI'O HABAHTa)KEHHS

Po3paxymkoBe ”
HaBaHIT)axc}::{Hﬂ, kH Koedimient C
60 409,4
100 350,21
115 315,6
130 273,579

MiHiManbHUM MOTPIOHUI MOIYIh MTPYKHOCTI
3HAXOJIMMO 3 JIF0YMX HOPMATHBIB [2] MeToAOM
eKCTpanossIii (puCyHoK 7).
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Required elastic modulus is calculated by
the formula [2]:

~

Ereq =42843:-In§°N c, @

sum _o

where N, - the total estimated applying

number of normative load on the busiest
traffic lane, units/day;

C - coefficient that depends on the
normative load.

We have the coefficient C empirical
dependence on normative load (figure 6).

450

400 | €~
O
£ 350 \
‘S
§ 300 AN
© 50 L ¥ =-0,015x%+0,9123x + 408,48 ™N

R2=1
200 | | |
50 70 ) 110 130 150

Normative load, kN

Figure 6 — The coefficient
dependence on normative load

C empirical

The coefficient C empirical dependence on
normative load shown in the table 1.

Table 1 - The coefficient C dependence on
normative load

Normative load, kN Coefficient C
60 409,4
100 350,21
115 315,68
130 273,579

The minimum required elastic modulus has
been determined from the existing norms [2]
by extrapolation (figure 7).
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Pucynok 7 — 3anexHicTh MiHIMQJIBHOTO
noTpidbHOTrO MOJTYJTIO HPYKHOCTI BiJ
PO3PaXyHKOBOT'O HABAHTA)KCHHS

Pe3ynbratu po3paxyHKiB HaBeJIeHO y Ta0muii 2.
Taéauus 2 — MiniManbHUI NOTPIOHUN MOIYIh

OPY)KHOCTI  OIITY ISl PO3PaxyHKOBOTO
gaBanTaxenus 130 kH

MiniManpHUNA TIOTPIOHUH
Kareropis MOJTYJIb TIPY>KHOCTI OZISITy
Jtoporu JUTSL PO3PaXyHKOBOTO
HaBaHTaxeHHs 130 xH
Enmin, MIla

Ia 295

16 285

I 260

Takuil xe npuHIUN OyJ10 BUKOPUCTAHO NpHU
3HAXO/DKEHHI KOE(IIIEHTIB MPUBEICHHS J0
po3paxyHkoBoro HaBaHTaxeHHs 130 kH.
JletanpbHO 11 JOCHI/DKEHHS — OMHMCaHl Yy
CTYIEHTCBKIi podori [4].

B Omomi xapakTepuUCTHK IIApiB JIOPOKHBOTO
ozIAry 1HXEHeP-A0POKHUK BCTAHOBITIOE
TOBILMHY IIapiB (PUCYHOK §) JOPOKHBOTO OISATY
Ta (opMye XapaKTEepUCTUKU MaTepiaiiB 3a
JOTIOMOTOI0  MiJBAHTAXXEHHS  JIBOX  BIKOH:
ac¢anbToO0eTOHHI mapu (PUCYHOK 9) Ta mapu
ocHoBH. Ili BikHAa BIJKPHUBAIOTHCS KHOMKAMHU
«JlomaTny.
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Figure 7 —The minimum required elastic
modulus dependence on normative load
The calculation results are shown in table 2.

Table 2-The minimum required elastic
modulus for normative load 130 kN

The minimum required
Road elastic modulus for
category normative load 130 kN
Enmin, MPa
Ia 295
16 285
I 260

The same principle had been used in finding
the conversion coefficients for 130 kN
normative load. Details of these studies
where described in the student paper [4].

In the layer characteristics block a road
designer assigns thickness of pavement
layers (figure 8) and forms characteristics of
material through two windows: asphalt layer
(figure 9) and pavement structure layer.
These windows open by the Add buttons.
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4.1 A/S wapn nokpuTTA 4.1 A/ WwapK NOKPUTTA
h, cm Mporud, MO0a 3cye, MNa PosTar, MNa h, cwm Mporun, MNa 3cys, MNa Postar, KMa
1 5 2400 1200 3500 HAogati 1 5 2400 1200 3500 Oogatw
2 5 2000 1200 2300 Hogatu 2 5 2000 1200 2800 Oogati
3 8 1400 800 2200 Dogatn 3 8 1400 200 2200 Hopary
lMNigBaHTaXMTH SHAYEHHA X3PaKTEPHCTHK MABaHTEXMTM SHAYEHHA XAPaKT EPUCT MK
HMXEHBOID WEPY NOKPUTTA HMXHBOMD W3pY NOKPHUTTA
Rnab, MMNa  km KT m knp Rnat, MMNa  km KT m knp
78 0,75 08 4 25 7.8 0,75 08 4 26
£2 OcHosa 4.2 OcHoea

1 10 400 400 Hogatn 110 400 400 Hopati
15 250 250 Oogatw

Oogath Hopati
4 Mogati 4 Hogatu

[*]

15 250 250 Oogath J

Jii1

3arantHa TOBWMHA KOHCTPYRUI: 43

L 3arancHa TOBWNHE KOHCTpYRUT. 43 j L : _ j
PucyHnok 8 — Biox IS 3AMOBHEHHHS Figure 8 — The layer characteristics block
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Pucynok 9 — Bixgo 15 dopMyBamHS mapiB Figure 9 - The asphalt layer window
MOKPUTTS 3 ac(hanbToOeTOHY

[Ticnia BuGOpy moTpibHOrO Marepiaidy /Ui mapy,
TEKCTOBI TOJISI XapaKTEPUCTHK Ha TOIIOBHOMY
BIKHI aBTOMAaTUYHO 3allOBHIOIOTHCA 3 0asu
JaHUX MaTepiajiB (PUCYHOK 8).

Automatically TextBoxes are filled in
characteristics of materials from the road-
building materials database (figure 8).

After forming initial data, a road designer
must press applying load button (button “To
calculate”, figure 10). Calculations are

[Ticns 3amoBHEHHS BUIXIHUX MaHUX, 1HXXKECHEP
HaTUCKae KHOMKY «[IpukimacTu HaBaHTaKCHHSD
(«Po3paxyBatu», pucyHok 10). Po3paxyHox
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NPOBOJIUTHCS 332 TpPhOMa KPUTEPIAMHU: 32
JOIYCTUMHM TMPYXKHIM HPOTHHOM, 33 YMOBOIO
3CYBOCTIHKOCTI 3eMJITHOTO IMOJIOTHA Ta IIapiB 3
Majio3B’s3HUX MaTepiajiB, IO MIIHOCTI Ha

PO3TAT MPH 3TUHI.

ﬂpumacmu HaeaHmMaxeHHA

PezyneTam pospagHkie

1. 3arancHi pesynetam 2. MpyxHiid nporuH

Pozp. eonorics Wr= 0,69 Ezar1= 86,36 MMa

Mpwe. iHTeckBHicTE Np = 34 69985 Esarz= 11751 MNa

Kinek. posp. g6 Tpop = 130 Ezard= 171.08MMa

focameaab T Esard= 20961 Ma
KoegiujeHT cymn Ko = 15,03 Esar5= 0 MMa
Cym. Kines. npoiznie ZNp = 47544 Esar= 0 Ma
Koepiuent kNC = 1 Esar= 254,94 MMa
KoegiuieHT kNp = 1
Enomp = 130
Tuck y kamepax, MMap= 06
DiarmeTtp wramny, cm DO = 37,1 E3arEnoTp =13
v PEIYbTaTH ™ >
KyT BHYT. TEPTR, rpaa F| 3a..|1:}Bl.ano
= 1y03 paxyH KiB
3. Onip scyey 4. Onip posTAry
Ee = 608,13953 hs= 18
h/D = 1,15903 Es = 275556
En/Erp= 1117304 En= TTHL
oN= 194 h/D= 048518
- 002716 Es/Erp = 23.44358
T= 0063 O HOMOrp = 1,82
CN= 00148 o= 1.09
Trp = 0,03566 kkn= 055881
Trp/T= 2.19 fr= ZalmE
K scyB= 1.4 Rp/Sigma = 2571
2an0BINLHO KrMu poztAr= 1.29

3anoBINLHO

3ghopmysamu 3sim ma nepedamu y Excel
— -

Pucynok 10 — biok pe3ysbTatiB po3paxyHKiB

PospaxyHku y mporpami BeIyThCs 3TLIHO
Bigomunx OymiBenpaux HOpM 2004 poky [2] 3
nomnpaBkamMu. KOpeKTHICTh TPOEKTHHUX PIllIeHb
KOHTPOJIOETHCSI 32 JIOTIOMOTOIO 1HIUKATOPIB TIO
KO)KHOMY KPHUTEpII0 PO3PaxyHKY: 3aJ0OBLIBHO
(1HIUKATOP CHHBOTO KOJIbOPY) UM HE 33JI0BLIHHO
(IHIUKATOP KPACHOTO KOJILOPY).

SIKIo KopHCTyBaua pe3ylbTaTH pO3pPaxyHKiB
3aJI0BOJIbHAIOTH, BIH MOXe c(OpMyBaTH 3BIT Ta
nepenaTH Horo y exekTpoHHi Tabmmmi Excel.
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performed for three strength criteria:
permissible elastic deflection, shear strength
of subsoil and monolithic layers resistance
of tensile bending.

ﬂpumacmu HaeaHmMaxeHHA

PesyneTam pospagyHkis

1. 3araneHi pesynetam 2. MpyxHii nporuH

Posp. sonoricte Wr= 0,69 Ezarl= 86,36 MMa

Mpue. iHTecweHicTs Np = 34, 69985 Ezar2= 11751 MMNa

Kinsic. posp. 46 Tpap = 130 Esar3= 171,08 MMa

SRS LS T Esard= 20961 Ml
KoediljeHT cymn Ke = 15,03 Esar5= 0 MMa
Cym. kinek. npoisgie ZNp = 42544 Eaxrb= OMMa
KoepidieHT kNC = 1 Esar= 25494 MMa
KoediieHT kNp = 1

Enotp= 150

Tuck y kamepax, MMap= 0,
Oiametp wrammy, cm DO = 371 Ezar/Enotp = 1.34

e r@gUlts Of o1

KyT BHyT. TepTA, rpag Fi = 194

2an0BiNLHO
«-cglcutations
3. Onip scyBy 4. Onip posTary
Ee = 608135953 he= 18
h/D= 1,15903 Es = 275556
Ea/Erp= 11,17904 En= 11751
=0 fQF a
pN= 154 B =i
= 002716 Es/Erp = 23.44558
T= 00863 O HoMorp = 18
CN= 00148 o= 1,09
Trp = 003566 kkn= 059881
Trp/T= 2.19 Fp= ZETEE
KMy 2cyB= 14 Rp/Sigma= 2571
2anoBiNEHO Krmuy_poztar= 1,29

FAN0BINLHO

3ehopmysamu 3sim ma nepedamu y Excel
— -

Figure 10 — Calculation results block

The calculations is conducted according to
Departmental  building norms [2] as
amended. Correctness of design solutions is
controlled via the indicators: satisfactorily

(blue indicator) and unsatisfactorily (red
indicator).

If the calculation results satisfy a user, he
can generate a report and submit it to a
Excel spreadsheet.
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BucHoBxku

v CTaTTi pO3rIIAHyTa npobiema
ABTOMAaTU30BaHOTO PO3PaxyHKy JIOPOKHBOTO
OJISITy HEXOPCTKOTO THUIY 33 YKPaiHChKUMHU
HOpPMaTHUBAaMHU.

JleTasibHO PO3IIISIHYTO iHTepderic Ta
ocobmmBocTi nporpamu YKPPJ1O 16.

[TpunineHo ocoOIMBY yBary 10 po3paxyHKY Y
porpami JOpOXKHBOTO OJISITY Ha PO3PaxyHKOBE
HaBantaxkeHHs 130 kH. Lleit po3paxyHok MoOKHa
BUKOPHUCTOBYBAaTH THMYACOBO JI0 BUXO/Y HOBHX
HOPMATHUBIB Y SIKOCTI MPUOJIU3HOT OIIIHKH.
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Penenszentn:

Conclusions

In this article general problem of non-rigid
pavement computer-aided calculation by
Ukrainian standards has been considered.

The interface and specifics of computer
program UKRRDO 16 has been shows in
detail.

Special  attention to  computer-aided
calculation on the normative load 130 kN
was given. Temporarily one can use this
calculation for rough estimate until new
standards will be used.
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