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BBenenne

Metoauueckue yka3aHud HMCHOJIb3YIOTCS CTYACHTAMU MPHU M3YUYCHUU Kypca
«Mopenuposanne HJIC mopoKHBIX KOHCTPYKIIHI»

HenpepbiBHBIH ~ pOCT  MHTEHCUBHOCTH  JBUXKEHUS W YBEJIUUYCHHE
IPYy30MOJBEMHOCTA  COBPEMEHHBIX  TPAHCHOPTHBIX  CPEACTB, a  TaKke
HEO00XOIMMOCTh CO3/IaHuA Pa3BETBICHHOM CETH O1aroyCTpOCHHBIX
aBTOMOOMJIBHBIX JIOpOr TpeOyeT pa3pabOTKKU U BHEAPECHUS HOBBIX MPOTPAMMHBIX
CPEACTB AJIsl MOJACTUPOBAHUS pabOThl HEXKECTKUX TOPOKHBIX KOHCTPYKIIHM.

Metoauueckue YyKa3aHUs CHUCTEMATH3UPYIOT PadOTy MaruCcTPaHTOB Haj
BBITIOJIHEHUEM TTOCTABJICHHOW 3a/1a4M.

VYka3zaHus He 3aMEHAIOT YYE€OHUKOB, CIIPABOUYHUKOB M JIPYroil crenuaibHON
auTepatypbl. bonee TOro, K BBIMOJHEHUIO NPAKTUUYECKUX padOT MO JAaHHOMY
MPEIMETY CIEIYET MPUCTYMHUTh, MU3YYUB COOTBETCTBYIOIIME pa3Jeiibl yueOHOU
JUTEPATYPHl W OQUITHATIBHBIX W3AaHUi. MeToMMUecKne yKa3aHUs BHITIOJIHCHBI B
HarJsIIHOHN (hOpME ¢ CCHUTKaMU Ha BCE HEOOXOAMMbBIC HOPMATHBHBIC IOKYMEHTHI.



1. Pa3zpaboTka BapHaHTOB HEKECTKHX J0POKHBIX 0J€5K/T

BapuaHTbl HEXKXECTKHX JOPOKHBIX OACXK ] pa3padaThIBAIOTCSI 00yUYaIOIAMUCA
CaMOCTOSITEIbHO B COOTBeTCTBUM ¢  TpeOoBanusmu OJ[H 218.046-01
«ITpoekTpoBaHue HEXKECTKUX AOPOKHBIX oxexay, u [THCT 265-2018 «Jloporu
aBTOMOOHJIbHBIE OOIIEro Mmojab30BaHus. [IpoeKTHpPOBaHNE HEKECTKUX JTOPOKHBIX
omexm». PacdueTHble XapaKTEPHUCTHKH MAaTCPHANIOB KOHCTPYKTHBHBIX —CJIOCB
HEKECTKUX  JIOPOKHBIX  OACKJ, MNPHUHAMAIOTCI B COOTBETCTBUH C HX
HOMEHKJIATypOH, MPEACTABICHHON B BBIIIC MNPHBSACHHBIX HOPMATHBHBIX

JOKYMCHTAx.

Koncrpykumst Ne 1 HaumMeHoBaHue MaTepUalioB

IIIMA 16 TP TC ma BH/ 50/70 mo TOCT 33133 ToMmuHOH 5 cM
AB TP TC mma cnoes moxperrust Ha BH/I 50/70 mo TOCT 33133

% ‘E":": ‘;’f& ".“

AB TP TC gna cioes ocaoBanug Ha BHJI 50/70 mo TOCT 33133

OpranomuaepansHas cMech Mo ['OCT 30491 TommuHoMH 18 cM

I'paBmitHast cMecCh A1 OCHOBAHUH HEMPEPBIBHOI rpanyaomeTpun C4-80
mo T'OCT 25607 ToxmmHaOM 27 cM

Pucynok 1 — IIpumep KOHCTPYKLMH AOPOKHONU OAEKIbI

Tabmuma 1
KoHcTpyKius JOPOKHOM OAEKIBI U €€ MEXaHUYECKIE XapaKTePUCTHKU
Ne Marepuan cnos Tonmuna Monynb
CIIOSL, CM YOPYTrOCTH,
MlIla
1 | IIIMA 16 TP TC na BH/T 50/70 mo I'OCT 33133 5 5100
2 | Ab TP TC nns cnoes nokpbitust Ha BHJ[ 50/70 mo TOCT 6 3200
33133




3 | Ab TP TC ans cnoes ocHoBanust Ha BHJI 50/70 o T'OCT 8 3200
33133

4 | Opranomunepanbhas cmech mo I'OCT 30491 18 700

5 | I'paBuiinas cMech AJi1 OCHOBAHUN HENPEPBIBHON 27 280
rpanyiomerpuun C4-80 mo 'OCT 25607

7 | I'pyHT — CYINIMHOK Ts>KEJIbIA MBUIEBATHIN 57

2. Pacuer BapuaHTOB [OPOKHBIX KOHCTPYKUMii B nporpamme Robur

Roadbed

PaszpaboTanHass KOHCTPYKIMS JIOPOKHOW OJIEK/IbI

naHHbIX. [IpuMep 3anonHeHus NPUBEACH HA PUCYHKE 1.

0t me gaHHEE l Harpyzsku ] K.OHCTpYKUMA QoposHON oneHnsl ] QCyweHWe ]

PacCUUTHIBACTCS B
nporpaMMHoM Komimiekce Robur Roadbed 4.3 u Berme. /s paccuuTsiBacMoi
JOPOXKHOH KOHCTPYKITUH OCYIIECTBIIACTCS 3alI0JITHEHHE OCHOBHBIX ITOJICH HCXOIHBIX

TN Nk peTHA HemecTran noposHan ogewaa B :

THn pacyeTa |.D.IZI|:II:I}KH-3F| OEEHLE ﬂ [
FaiioH npoekTHpoBaHKHA |KPEDHD.D.EPCKH131 k. (7]
HasgaHue ofberTa |Tpau:u:a b4 (7]

JopokHo-EMMMATHYECK.aA 30Ha b | [¥] CremayenamkHeHus patovero cnoq |1 | [?

TN MECTHOCTH NO pensedy FPaeHuHHee  * | (7] MNonpaeka Ha BnasHoOCTE

Hordep pafoHa No KoMYEcTEY PacYSETHER gHERM

k.aTeropya goporu [ | [¥] FoauyecTEo Nonoc ABMHEHHA
Horep nonocke! oT oSo4uHE! 1 | [7] Tun ooposHoN ogesnkl
2a1aHHAA HALEKHOCTE 095 * | [?] Twn 3emMAAHOrD NONCTHS

WkpKHHa Npoes#ei 4acTH [QNA 4Opor © PAZQENMTENEHON NONOCOM - B OGHOM HANPAEMEHMH), M

I AYBHHA NPOMEPSaHUA MEYHTS OT NOBEPRHOCTH NOKPETHA, M
Faccroanue oT HYsa goposHOM onekael 0o pacyetHoro 9B, m

Koo PP HUMEHT YNACTHEHMA FPYHT S

0 (7]
6 -] @
|

4 hal 04!
Kanuranshei + | 7]
Hacerme | (7]
2T v

1 7]
1 7]
10100 -] (#

Pucynok 1 — [Ipumep 3amoHEHNS UCXOAHBIX JAHHBIX IS pacdyeTa J0POKHBIX

onxex B cpene Robur Roadbed




AHAJIOTHYHO B MPOrPaMMHBIM KOMIIJICKC BHOCSTCS IaHHBIE O MaTepuajiax
CIIOEB M WX TONIIWHAX. BBIOOP KOHCTPYKTHBHBIX CJIOEB OCYIICCTBIIAETCS C
NPUMEHEHHUEM SJIEKTPOHHOTO CIPaBOYHKKA (0a3bl JaHHBIX ), HHTETPHPOBAHHOTO B
Robur roadbed. IIlar mepeGopa TOMIUH CIOEB JOPOXKHOM OJCKABI HE 3a0acTCA
(pUCyHOK 2).

08w e gaHHEE ] Harpysti  FOHCTRYKUMA A0POKHON 0aemaE l O cyweHde ]

CnoW goposHoi ogemas 7]

Marepuan cooa M. To.. | Marc. T... | War ne... | Croumo...
ActhaneToOETOH FOPAYHA NNOTHER TH... 4 4 1] 1
ActaneToSeToH ropaqMi NopHcTeE N.. 3 g ] 1
ACpaneTOSETOH ropAYMi NopUcTEE K. 14 14 ] 1
il efene gp. 40-80 e TpyHOYNNOTH,... GO G0 ] 1

Pucynok 2 — 3agaHue BXOAHBIX JAHHBIX O KOHCTPYKIIUU JOPOKHOM OIEHK/IbI B
cpeae Robur roadbed.

[To uToram BBIMOJTHEHHOTO pacdera (GOPMHUPYIOTCS BEIOMOCTH PE3YIbTATOB
pacueTa HEXKECTKUX JTOPOKHBIX OJCK A MO 00pa3ily IpUBEACHHBIX TadauIil 2 — 4.

Ta6nuna 2

Kpacnoaapckmii kpaii Tpacca M4

VCXOJHBIE JAHHBIE J1JIsI PACUETA KOHCTPYKIMU JOPOKHOI

OJIEK/IbI
Kareropus moporu - 1 O01miee 4ucio mooc - 4
. . Esxeromuprit OCT
THIT ZOPOKHOM OACHKIBI - KAl TaIbHbIA A TPHP -
HHTCHCHBHOCTH -
OPOKHO-KIMMATHICCKAS .

AR v THn pacyeTHOH HATPY3KH - AllS5
30Ha -
THn MECTHOCTH O

1 Cpox ciry>kOBbI - -
VBJIOKHCHHIO -
YPOBEHBb HANEKHOCTH - 0.95 I'ryOmHa nmpoMep3aHus TPYHTA, M - 1.00
[TpuBencHHAS HHTCHCUBHOCTD YpoBeHb TPYHTOBBIX BOJ OT HH3A 1.00
HA OJHY II0JIOCY, aBT/CYT - JIOPO>KHOM OZCKIBL, M - '




PacdeTHbIe XapaKTEPUCTHKH CIIOCB JOPOKHOM OJICHKIbI

Tabnuua 3

Ne Cnos

HaumeHoBaHune

Mogaynu ynpyroctu,
MMa

CpaBuroBble XapaKTepucTukn

Ynpyruii nporn®
Casur
N3rn6

MpoyHOCTL Ha pacTsixeHue npu usrmbe,
MMa

Yron BHyTPEHHEro TpeHus, rpaa

CraTUyeckuil Yron BHYTPEHHEro TPpeHus,
rpaa

Cuennexune, MMa

CraTnueckoe cuennenue, MMa

MnoTHocTb, Kr/M®

Koadppnupent M

KoadpcpuumeHT o
BraskHocTb

AcdhanbTobeToH
ropsiyvi NMOTHbIN
TMN A Ha BA3KOM
outyme BHA n BH
mapku: 60/90
E=3200 MMa

3200 460 4500

9.80

2400

5.50

5.90 -

AcdhanbTobeToH
ropsuni NOpUCTbIN
KPYMHO3EPHUCTBIN
Ha BSBKOM BUTYMe
BHA v BH mapku:
60/90 E=2000 MMa

2000 432 2800

8.00

2300

4.30

7.10 -

AcdhanbTobeToH
ropsuni NOpUCTbIN
KPYMHO3EPHUCTBIN
Ha BSBKOM BUTYMe
BHA v BH mapku:
60/90 E=2000 MMa

2000 432 2800

8.00

2300

4.30

7.10 -

LLleGeHb chp. 40-80

MM TPYZAHOYMIIOTH.

(rpaHWTH) C 3aKIuH

M3BECTHUKOB. MerIK.

CMechlo Unm
aKTUBH. MENKUM
wnamom E=300
MMa

300 - -

1800

[pyHT cyrnuHok
TSOKEnNbIN
nblneBarbiv

60 - -

7.7

22.06

0.01006

0.02612

- 0.632




Pesynbprarsr pacuera

Tabnuua 4

Ne crnos

HaumeHoBaHuWe

TonwmHa
cros, cm

MokasaTenb NpPOYHOCTN

Kputepuii

LonycTtumoe
3HayeHue,
MMa

dakTnyeckoe
3HaueHue,
MIMa

K np

CTONMOCTb,
py6/m?

AchanbTo6eToH ropauunii

NAOTHBLIA TUN A Ha BA3KOM

éutyme BHI 1 BH mapku:
60/90 E=3200 Mla

Ynpyrui
nporné

317.050

513.711

1.620

4.00

AchanbTo6eToH ropauunii
NMOPUCTBIN KPYMHO3EPHUCTLINA
Ha BAsKkoMm GuTyme BHA n BH

Mapku: 60/90 E=2000 MlMa

8.00

AchanbTo6eToH ropauunii
NMOPUCTBIN KPYMHO3EPHUCTLINA
Ha BAsKkoMm GuTyme BHA n BH

Mapku: 60/90 E=2000 MlMa

14

PacTtaxeHne
npu narube

0.896

0.581

1.542

14.00

LLleGeHb chp. 40-80 MM
TPYAHOYMIOTH. (rpaHuTH) ¢
3aKIWH U3BECTHUKOB. MerK.

CMECbIO UMW @KTUBH. MeNKUM
wnamom E=300 MMMa

60

60.00

TPYHT CYITIMHOK TSXemnbIA
nblneBaTbIi

Casur

0.01688

0.01573

1.073

0.00




3. Pacuer mopoxkHoil oaekAbI B NPOrpaMMHOM KOMILIEKCE 1JIs1
MO/JCJIMPOBAHUS HAMPSIKEHHO-1e(POPMHUPOBAHHOTO COCTOSIHUSI HEXKECTKOM
aoposkHoi oxexasl MnLayer

Pacuer ocymectBasietcs B mporpaMmHOM  KoMmiuiekce — MnlLayer,
pa3pabOTaHHOM B YHHUBEpPcUTETe MMUHHECOTBI, WU HAXOJAIUMCS B CBOOOJHOM
noctyne [1-3]. Pacuer H/IC B naHHOM mporpaMMHOM MOpOJayKTe Oa3upyercs Ha
MoauduIMpoBaHHOM permeHnn bypmuctepa [16-18,20,21] ans MHOTOCIOWHOTO
MOJYNPOCTPAHCTBA HA TMOBEPXHOCTh KOTOPOrO BO3JEHCTBYET CTaTUUYECKas
Harpyska.

[Tpu pacueTe MPUHUMAIOTCA CJICIYIOIINE TUIOTE3bI:

- Bce cnou nopokHON 0€KIbl XapaKTEPUIYIOTCS YIPYTUMU CBOHCTBAMU U
ABJISIIOTCS U30TPOMHBIMU,

- Bce cnou He orpaHUYeHbI 1O JJIUHE U [IIUPUHE

- I'pyHT 3eMJISHOTO TOJOTHA MOJCIUPYETCA B BHAEC YIPYroro
MOJYMPOCTPAHCTBA

[TporpaMMHBIii KOMIUTEKC XapaKTEPU3YETCsA APYKETIOOHBIM HHTEpPhEHCOM,
MO3BOJIAIOIIMM BHOCHTh B HETO JAHHBIE O MOMIYJAX YMNPYTOCTH, IJIOTHOCTSX,
ko3¢dunmuenTax [lyaccoHa clloeB MOPOXXKHOM OACKIBI, a TAKXKE WX TOJIIAHAX.
IIpumep BHEceHMs MaHHBIX TMpeAcTaBieH Ha pucyHke 3. Ilocine BHeceHus
BBITTIICYKA3aHHBIX JAHHBIX 33/1al0TCS TTapaMeTPhl paCUETHOW HArpy3KH (PUCYHOK 4)
TOYKA B KOTOPBIX NPOMCXOJUT PACUET OCHOBHBIX KOMIIOHEHT HaMpAKEHHO-
ne(hOPMHUPOBAHHOTO COCTOSHHS B BUJIC HOPMATBHBIX W KaCATEIbHBIX HANPSIKEHUM,
nehopMaInii, a TakKe IEPEeMENICHIH (PUCYHOK 5).

3 — W TS
File Edit Tock Run Help

[ Generel IV Layers l W Loads ¥ Analysis Pois Besuls

Al Problems
(" Indhidual Protdeme

Layerl | Llayerl | Leyerl | Layerl | Leyer? | Layerd | Layer? | Layer? | Layerd | Layerd | Layerd | Layerd | Layerd | Leyerd ' Layard | Leyard | Layerh | Llayerb
Elastod | Poisson | Thickness | Fric Mum. | ElastMod | Poisson | Thickness | Fric.Num. | ElestMod | Poisson | Thickness | Fnc Num. | ElastMod | Poissan | Thickness | Fric. Num. | ElastMod | Paissan
Problem | #layers | Njmm? = mm = Nimm? = i e Nimm2 > mm 5 imrn2 = ] = mm2 3

1 5 30000 030 q 020000 K] ] 0 200000 K] 14 0 J00m 030 600 I B0.00 030

Z 5 400 030 4 0 4300 030 il 0 452m 030 140 0 30000 030 600 0 B0.00 030
3 5 4000 030 al 1 280000 030 il 0 2000 030 140 0 30000 030 B0 0 5000 030

PucyHok 4 — PacueTHbi€ JaHHBIE O KOHCTPYKIUHU JOPOKHOMU OJIEHK b
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[N General ] [T Layers ] ¥ Loads ] I Analysis Paints ] Eesults
i+ Al Problems
i Individual Problems
Load 1 Load 1 Load 1 Load 1 Load 1
Fressure Load Fadius - b
Proklem # Loads Mirmm? kI i nalai] Frirn
1 1 0.4800 1595.0 0 0
2 1 0.4300 B 6723403 1950 0 0
0.4a800 1950

PucyHok 5 — /laHHbIE€ O pacUETHOM HArpy3Ke

File Edit Teoocls Run Help
[N General ] ¥ Lavers ] ¥ Loads ]. A;::}::tssls I Eesults
Al Problems
{7 Individual Problems
Faint 1 Puaint 1 Faint 1 Paint 1 Faoint 1
Layer > i z Lay. Thick
Froblem # Foints = FrIrT T FrIFT =
1 1 1 0 0
pi 1 4 0 0 GO0
3 1 3 0 0 140

PucyHnok 5 — 3amanue Touek HAOMIOICHHS, B KOTOPBIX OCYIIECTBIISACTCS pacueT
OCHOBHBIX KOMIIOHEHT HaIPsOKEHHO-Ie(OPMHPOBAHHOTO COCTOSHUS TOPOKHOM
KOHCTPYKIMH

W Wceneral ]

Result Format Unit
 Repart @ Table @ &

W Loyers |

Froblem 1 =)

W Loads ] I Analysis Points I Resulls

 US Cost

LayMNum | % | % | 2z | Swess | Stess | Stess | Stess | Stess | Stess | Swan | Stain | Stain | Stain | Stan | Stain_ | | [
= = - = | w | 2 | Y2 | %@ [ & | W ow |z ] vz | xz ] | v | (2
]

| mm | wm | mm | MNimm@ | Wmm2 | Mmm2 | NmmE | Nimm2 | Njmm2 mm mm mm

1.00 -8.3617E-01 -8.3617E-01 -4.8127E-01 0.0000E+00 0.0000E+00) 0.0000E+ IJU -1.3779E-04 -1.3779E-04 §.3842E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 4.2602E-01

Problam Paint

1 1 1 0.00

Pucynok 6 — Pe3ynbTaThl pacueTa OCHOBHBIX KOMIIOHEHT HAMPSIKEHUM,
nedopMaIiii B epeMeIeHUH B CI0SX JOPOIKHOMN 01K IbI

ITo uroram pacuera (GOPMHPYETCSA CBOAHAS CONIOCTABHTEIbHAS BEIOMOCTD I10
pe3yabTaTaM pacuera B mporpaMmMHOM komiiekce Robur roadbed m Mnlayer

Ne IIporn | Ilporu6 | Pactsrus. Pacrtsrus. Hanpsixen | Hanpsbxen
KOHCTPYKL] 0, MM MM HampsikeH | Hanpsbkenue,M | ue ciBura, | ue CABWIa,
uu (o (MnLaye | wuwe Mlla ITa (MnLayer) MlIla MlIla
O/tH) ) (OZIH) (O[IH) | (MnLayer)
I 0.5 0.42602 0.01573 0.581 0.583 0.4146

11



CrHMcoK UCTIOIb30BAaHHOM JIMTEPATYPHI

1. Albayati, A. H. Equivalent Modulus of Asphalt Concrete Layers/ A. H.
Albayati //Civil Engineering Journal. — 2018. — T. 4. — Ne. 10. — P. 226-237

2. Chadbourn B. A. Reliability, Damage, and Seasonal Considerations in
the MnPAVE Mechanistic-Empirical Asphalt Pavement Design Computer Program
/ B. A. Chadbourn //Office of Materials, Minnesota Department of Transportation,
Saint Paul, MN. — 2001 .- 22 p.

3. Graczyk, M. The seclected problems of multi-layer pavements—
influence of composite impacts vehicles and climatic factors on the behavior of roads
pavements / M. Graczyk, J. Rafa, A. Zotfka // Transportation Research Procedia. —
2016. - V. 14. — P. 2487-2496.

12



