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Beryn
JlpeHa)kHI ~ KOHCTPYKLIi Ha  aBTOMOOUIBHHMX
JIOpOrax BIAIITOBYIOTbCA JJIsI  3a0e3MeueHHs

CTIHKOCTI 3e€MJITHOTO IIOJIOTHA Ta HaWKpPAIIoro
3aXUCTY BiJ MIePE3BOJIOKCHHS OCHOBH
JIOPOKHBOTO OJIATY MOBEPXHEBUMH Ta IT1I36MHUMHU
Bojamu. Bojora B OCHOBY HPOCOUYYETHCS Uepe3
Mopu 1 TPINMHA TOKPUTTA Ta  [UIIXOM
KaIlISIPHOTO MIHATTS, TMOSABY SKHX 1 PO3MOALT IO
IJIOIIMHI  TIOKPUTTS Tepea0avYnTH  3a3/ajeriab
HEMOXJIMBO. ToMy JpeHak TOBUHEH 3a0€3MeUnTH
30ip 1 BiABiA BOAU 3 OyAb-SIKOi TOYKU TOKPUTTS
0e3 mepepuBaHHs PyXy, B OyAb-sIKUi MIEpioj] POKY.
Heo0OxigHO a1 (o]4} JIpEeHaKHA KOHCTPYKIIiS
PO3MOBCIOKYBAJIACH IO HU3Y TTOKPHUTTS HA TIOBHY
oro ummpuny. Ha nanuii MOMEHT BiACYTHI
BOJIOHETIDOHUKHI ~ MOKPUTTS, #AKI 3Morim O
MONEPEIUTH HAJXO/DKCHHS BOJIOTH B JOPOYKHIO
KOHCTPYKIIIFO ~ Ta  3a0e3MeYuTH  JOCTaTHIO
BojocTilikict. Came  TOMy  NIPOEKTYyBaHHS
IpeHaXHOi cHcTeMH MOTpiOHO mependadaTH MpU
OyIIBHUITBI SIK KOPCTKUX, TaK 1 HEXOPCTKUX
THUIIIB TOKPUTTSL.

OcHOBHA YacTUHA

HaniitHicTh 1 JOBrOBiYHICTh aBTOMOOUIBHUX JOPIT
3a0e3MeYy€eThCsl  HAJICKHUMH  KOHCTPYKIIISIMU
JOPOKHBOTO OJATY Ta 3EeMJITHOTO TIOJIOTHA.
OcHoBHa  mpWYWHA  pPYyHHYBaHb  IOKPHUTTIB
MOB’si3aHAa 3  TMEPE3BOJOKEHHSIM  JIOPOKHBOI
KOHCTPYKIlII  uepe3 HEe3a/I0BUTbHHM CTaH
IpeHaxHuX cucteM. EdeKTHBHICTH OCYIICHHS
OCHOBH TIOKPHTTS 3aJICKUTh BiJl IPUPOTHUX YMOB
MICIIEBOCTI, MPOQUI0 aBTOMOOUIBHOI J0pOrH,
(b13UKO-MEXaHIYHUX BJIACTUBOCTEN THICKY,
JOTPUMAHHS TEXHOJIOT1I OyIiBHUIITBA 1
KOHCTPYKIIii camoro apenaxy [1]

JlpeHaxxi MIJKOro 3ajsiraHHS 3acTOCOBYIOTH Ha
TUISTHKaX MaJIUX HACHWIIIB, BUIMKAX, B «HYITbOBHX)»
MICIIIX y BUNAQJKY 3HAYHOTO IPHUTOKY BOAH B
aKTUBHY 30HY 3eMJIsTHOro moiioTHa. KoHcTpykiii
TaKOTO THITy BUKOPHCTOBYIOTH JJIS BiJBEICHHS
BOJIOTH 3  BEpPXHbOI  YAaCTUHU  OCHOBHU
aBTOMOOIJIBHOI JOPOTH y TEIUTHH Tepioa poKy abo
B nepiof BiTaBaHHSL. Taxox BOHH
BHKOPHUCTOBYIOTh TUTST MPOCYIIYBaHHS
JpeHylo4Yoro  Mpolapky, sSKuid  3abesnedye
¢bimpTparito  KanmIsApHOi  Bojord.  JpeHaxHi
KOHCTPYKILIi  MUIKOrO  3ajsiraHHs  MOTPiIOHO
MPOEKTYBATH y BUIAJKY, KOJIU KUIbKICTh BOJIHU, 110
HAJXOJUTH 0 aKTUBHOI 30HU 3€MJISHOTO TOJIOTHA
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Introduction

Drainage construction on highways
arranged to ensure the stability of the
roadbed and the best protection from
waterlogged foundations pavement surface
and groundwater. Moisture seeps through
the foundation pores and cracks and
coating by capillary rise, whose appearance
and distribution of the coating plane
predict in advance is impossible. Because
drainage should ensure the collection and
removal of water from anywhere in the
coverage without interrupting traffic, in
any season. It is necessary to design
drainage was spread on the bottom cover to
its full width. Currently there are no
waterproof coating, which could prevent
the flow of water in the road construction
and provide sufficient water resistance.
That is why the design of the drainage
system must provide at building a rigid and
non-rigid types of coverage.

Main part

Reliability and durability of roads provided
with adequate structures pavement and
subgrade. The main cause of damage
coverages associated with waterlogged
road construction because of the poor state
of drainage systems. Efficiency draining
foundations coverage depends on natural
terrain, road profile, physical and
mechanical properties of sand, compliance
technology construction and design of the
drainage [1].

Drainages shallow bedding areas used for
small embankments, excavation, a "zero"
in the case of a substantial inflow of water
into the core of the roadbed. Structures of
this type are used for removal of moisture
from the top of the foundations of the
highway in the warm season or during
thawing. They are also used to dry draining
layer, which provides filtering capillary
moisture. Drainage structures should be
designed shallow occurrence when the
amount of water supplied to the core of the
roadbed in the fall, spring or summer, more
than can be accommodated in the lower
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B OCIHHIHM, BECHSHHMI 4M IITHIA Tiepiof OinbIia,
HDK MOX€ PO3MICTUTHCS B HIDKHIX IIapax
JTOPOKHBOTO OJATY Ta MiJCTHUIIAIOYOMY IPYHTI O€3
BTpaTH CTIMKOCTI OCHOBH aBTOMOOUIBHOI JOpOTH

[2].

Y OpOoXHBOMY OAsI31 1 3eMJISTHOMY IOJOTHI
OJIHOYACHO MPOXOJIUTh KiJIbKa MPOIECIB:

- TEIUIOOOMIH 3BOJIOKEHOTO Matepiany 3
MIPU3EMHUM MOBITPSIM;

- nudysig napu i BOJM B Iopax marepiany;

- iH(}IBTpalig onaaiB yepe3 TPIIIUHKA B OJISAT
1 IIOJIOTHO;

- iH}inbTpamis BOIM B IMOJOTHO 3 OOKYy
y3014us Ta iH.
Oco6muBocTi BO/IHO-TEIIJIOBOTO pPeKUMY
TOPOXKHIX KOHCTPYKIIIN BHU3HAYAIOTHCS
JDKepesiaMu 3BOJIOKeHHS. (puc. 1).
KoporkoyacHuM, ane  HAHOUTII ~ aKTUBHUM
JoKepenoM € atMocdepHi  omaau.  Bonum
3BOJIOKYIOTH IIApH KOHCTPYKILIi MpH iCHYBaHHI B
JOPOKHBOMY  TOKPHUTTI  TPIIIMH  BHACHIJIOK
HEHOPMAJIBHOTO YTPUMaHHS JOpIir ab0 y BHITAIKY
HAsSBHOCT1 BOJOTIPOHUKHUX MOKPHUTTIB.
B mepion iHTEHCHBHUX JOIIiB, CHITOTAHCHHS a00
MTOBEPXHEBOTO CTOKY B 3€JI€HIH 30HI BiJOYBAETHCS
MPOMOYYBaHHS IPYHTY. 30Ha MaKCUMAIBbHOI
iHOnbTpaLii BOIU B I'PyHT Moxke jocsaratu 50—
100 cm.
B pesynpTaTi CTBOPIOETHCS TMEBHAa HebOe3Mmeka
OOKOBOT0 KaIUIIPHOTO i TUTIBKOBOTO 3BOJIOKEHHSI.
Jlxkepeno 2 KOpOTKOYacHe 1 NpU HOPMAaJIbHO
VILUJIBHEHOMY IPYHTI IOJIOTHA HE fBJIsE€ COOO0IO
Hebesneku.[3,4].
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Pucynok 1 — OCHOBHI JpKepena 3BOJIOKEHHS

JIOPOKHBOTO OJIATY 1 3eMIISTHOT'O TTOJIOTHA:
1 - armMocdepHi onany; 2 - BojIa B KaHABAX;
3 - miy3eMHa Boja; 4 - maporoAiOHa Boyiora

I[luTtoma Bara TX  JDKEpPEN  3BOJIOKEHHS
BIJIPI3HAETBCS B 3aJEKHOCTI BiJl JAOPOKHBO-
KJIIMAaTHYHHUX 30H, TAKOXK €PEKTUBHICTH i1 Ha

JOPOKHIO KOHCTPYKIit0 pi3Ha. Ha manuii dac
3BOJIOKEHHIO JIOPOKHBOT KOHCTPYKITIT
aTMoc(hepHUMH OmMaJaMy TMPUIUICHA HE JOCTaTHS
yBara, xo4a came BiJ] IIbOTO JKEpesia 3BOJI0KESHHSI
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layers of pavement and underlying soil
without buckling road foundations [2].

In road robe and roadbed simultaneously
through several processes:

- moist heat exchange surface material
from the air;

- diffusion of steam and water in the
pores of the material;

- rain infiltration through cracks in the
clothing and linen;

- infiltration of water into the canvas by
the wayside and others.
Features water and thermal regime of road
structures defined sources of moisture.
(Fig.1).
Short, but the most active source is
precipitation. They moisturize layers
design for the existence of cracks in road
surfaces due to abnormal road maintenance
or in case of permeable surfaces.
During the intense rain, snowmelt or runoff
in the green zone is soak the soil. The zone
of maximum water infiltration into the soil
can reach 50-100 cm. This creates a danger
of lateral capillary film and moisture.
Source 2 short and in fine linen compacted
soil is not a danger [3, 4].
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Figure 1 — The main sources of the
moisture of the pavement and subgrade: 1 -
precipitation; 2 - the water in the ditches; 3
- underground water; 4 - vapor moisture

The weight of these sources of hydration
differs depending on traffic and climatic
zones; the efficiency impact of road
construction is different. Currently, the
dampening of road construction
atmospheric deposition not given sufficient
attention, although it is from this source of
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HAJXOJUTh BEJMKa KiJbKICTh BoJIOTH. [HOpMartis
PO HAJIXOJPKEHHS BOJIOTH BiJ LIOTO JDKepesa He
MOXK€ OyTH MOBHICTIO aKTyaJlbHO B 3B’S3KYy 3i
3MiHAaMH  KJIIMaTy, SKi CIOCTEpIraloThCs Ha
TepuTOpil YKpaiHu 32 OCTaHHI JEKiTbKa POKIB.

[Tepepo3noiyi BOJOTH B 3UMOBHMA Tepiof i
HaKOMMYCHHS ii B BEPXHIX IIapax 3eMJISTHOTO
MOJIOTHA B KpuUCTamiuHid ¢opmi — mporec
MOpOo3HOTo 31uMaHHs. [Ipu mpomepsaHHi IpyHTY
BOJIOTA, IO HAKOIUYYEThCS B OCIHHIN mepion,
MepepO3NOILIAETHCS 3aBJISAKHI cuJIaM
KpHUCTami3aii. [Tpu MOHMKEHHI MEX1
MpoMep3aHHs BiI0yBA€ThCS MiATATYBAHHS BOJIOTH
i3 HwKHIX mapiB 1pyHTy. [lpm HermmOoxomy
3alsrTaHHl BiJl TOBEPXHI 3€MJII IPYHTOBUX BOJ
IHTCHCHBHICTH ~ 3UMOBOTO  BOJIOTOHAKOITHYCHHS
0COOIMBO 3pOCTa€, KOMU (PPOHT TpoMep3aHHS
mocsarae piBHS KaIUIIPHOTO I THATTS.
[IpoMep3aHHsT  BOJOHACHYEHOTO  3JUMAJIbHOTO
IPYHTY CYIPOBOJIKYETHCS YTBOPEHHSM B HBOMY
MEp3JIMX MPOIIAPKiB 13 BOJOTH, 110 HAKOMTUYHIIACS
MpOTSrOM  TEpIIOi  CTajli, TOBIIMHA  SKHUX
301BIIYETHCST 1O Mipi Mirpamii BoAM 13 mapiB
IPYHTY, IO PO3TALIOBaHI HUXKYE PiBHS IPYHTOBHX
BoA. YuM rnubie mpomMep3aHHs BXOJIUTH B 30HY
KanuIipHOrO MIAHSATTS, OCOOJMBO B 11 HUXKHIO
YacTHHY, J¢ Oinbllla YacTHHA BOJIOTH mepedyBae y
BUIBHOMY  CTaHl, THUM  OuIbIlle  3UMOBE
BOJIOTOHAKOIIMYEHHs. [PYHTOBI BOAW CHOPUSIOTH
3BOJIOKEHHIO 3€MJISTHOTO TOJIOTHA. YWM IIBHUIIE
BiIOYBAa€ThCS  3HWKEHHS  TEeMIIEpaTypu, THUM
MEHIIIE BOJIOTH BCTUTA€ TMEPEMICTHTHCS 3 HIDKHIX

OUTpII TEIUIMX IIApIB Yy BEPXHIO YaCTHHY
3eMJITHOro mojotHa. ToMmy M’sika 3uMa 3
MOCTYIOBUM i HE3HAYHUM 3HUKEHHSAM
TeMnepaTypu HaHOCHUTh OLTBIITY KOy
3eMJITHOMY IIOJIOTHY. [7]

OnHouacHo 3 HaKOMHUYCHHSIM BOJIOTH

B1/I0YBA€TbCS MOPO3HE 3IUMaHHS IPYHTIB, IO
CYNIPOBODKYEThCSI  iX  pO3yLIUTbHEHHSM. Ha
IHTEHCUBHICTh 3MMOBOI'O BOJIOTOHAKOMMYEHHS 1
3MUMaHHSA, OKpIM  IIBUAKOCTI  IpPOMEp3aHHsS
I'PYHTY, BIUIMBA€ TaKOX LIBUIKICTH Mirpaiii BOaH,
fgKa 3aJeKUTh BiJA BHUAY IPYHTY, CTyIeHI ioro
VILUIBHEHHS 1 B1J] YMOB IiITOKY BOJIOTH,

B TOMY 4YHCIi, BiJi HAasBHOCTI IPYHTOBOi BOJH.
HaiiGinpm HeOGe3meuHi MuiyBaTi IPYHTH, Y SIKUX
BEJIMKA ITOBEPXHEBA CHEPTisl MOEAHYEThCS

3 MajluM ONOpOM MiAWOMYy BOJM Yy TMOpax,
BHACHIIOK YOTO MIBUIKICTH MIATOKY BOAHU B 30HY
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moisture plenty of moisture. Information
on the flow of moisture from this source
may not be completely true in connection
with climate changes, which observed in
Ukraine over the past few years.

The redistribution of moisture in the winter
and its accumulation in the upper layers of
the subgrade in crystalline form — the
process of frost heave. When freezing of
the soil moisture, which accumulates in the
autumn, redistributed due to the force of
crystallization. At lower border of freezing
is pulling moisture from the lower soil
layers. In shallow layers from the ground
surface to groundwater, the intensity of the
winter accumulation of moisture especially
increases when the freezing front reaches
the level of capillary rise. Freezing of
moisture and swelling soil accompanied by
the formation of frozen layers of moisture
that had accumulated during the first stage,
the thickness of which increases as the
migration of water from the soil layers
located below the groundwater level. The
deeper the frost line is in the zone of
capillary rise, especially in its lower part,
where most of the moisture is in a free
state, especially winter accumulation of
moisture. Groundwater contribute to the
moistening of the subgrade. The faster the
decrease of the temperature, the less
moisture manages to move from the lower,
warmer layers in the upper part of the
subgrade. Therefore, mild winter with a
gradual and slight decrease in temperature
has a greater effect on the roadbed. [7]

Along with the accumulation of moisture is
frosty swelling soils, accompanied by
thinning them. The intensity of the winter
accumulation of moisture and swelling
than the speed of freezing soil also affects
the rate of migration of water, depending
on the type of soil, degree of compaction
and moisture inflow of conditions,
including the availability of groundwater.
The most dangerous silty soils, where high
surface energy combined with low
resistance rising water in the pores,
resulting in a rate of inflow of water in the
area swelling and the formation of large ice
lenses in the soil is intensively.
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3MUMaHHS BEJHMKa 1 YTBOPEHHS JbOJSHHUX JIH3 B
IPYHTI BiI0YBa€ThCs IHTCHCUBHO.

3UMOBE  HAKONHMYECHHS BOJOTHM B  IPYHTax
BiIOYyBAa€ThCSA LUIIXOM ii TMEpPEeMIlIeHHS 3a
HaIpsIMKOM TETIOBOTO MOTOKY 3HHU3Y 1 3 OOKIB, BiJ
OLIbII TEIIMX MICIb M0 OUIBII XOJIOOHMX, 3a
paxyHOK TIepEepO3MOJALTy BHYTPINIHIX 3amaciB
BOJIOTH 1 11 Mirparii Bii piBHs Mmig3eMHHUX BO.[3-5]

BinHOBIEHHS 1 TOCTYIIOBAa HOpMaTi3allisl JIITHHOTO
BOJIHOTO pPEeXHMY IpyHTOBoro macuBy. Ilo Mipi
NPOTpiBaHHS 3EMIITHOTO TIOJIOTHA ITOYHMHAETHCS
Mepio — MPOCUXAHHS IPYHTIB, TOOTO 3MEHIIICHHS
iX BOJIOTOCTi 1 BIJHOBIJICHHS IIUIBHOCTI 1 HECYdJOi
31aTHOCTI. B 1eit nepion pkepenoM 3BOJIOKEHHS €
atMocepHi  omamu. Bucoka  IHTEHCHBHICTH
BHUIQJIaHHS JITHIX OMajiB 1 BEIUKUH JediluT
BOJIOTOCTI TIOBITPSI HE CIPHSIOTH yTBOPEHHIO
BEJIMKUX 3alaciB BOJOTM Yy BEpPXHIM YacTUHI
3eMJISIHOTO TOJNIOTHA. [lpm mOBHOMY poO3TaBaHHI
3eMJISIHOT'O TIOJIOTHA B IPYHTaX 3aJIUIIAETHCS JIUILE
KaIIsIpHO-PO3IMKHYTa (miBinieHa) BOJIA.
BinOyBaeTbcs iHTEHCHBHE BUIIAPOBYBAHHS, MIPUTIK
BOJIOTH 3HH3Y BiJI IPYHTOBUX BOJI 3MEHIIYETHCA, &
B JIeSKMX BUIAJKaX 1 30BCIM 3YHNUHSIETHCH,
OCKUIbKHM B 1I€W mepioj BiAOYyBa€eTbCs MOHMUKEHHS
PiBHS IPYHTOBUX BOJ.

3HIKYEThCS BOJIOTICTh Ta MiABUINYETHCS MII[HICTh
rpyHty. Jas  1mporo  mepiogy  XapakTepHi
MiHIMaJIbHA BOJOTICTH 1 MakCUMalbHa MIIILHICTE
I'PYHTIB 3€MJISTHOTO MOJIOTHA.[5,0]

JlpeHa)kHa cHUCcTeMa MIJKOTO 3aKJIaJIEHHS MOXe
CKJIQIaTUCS 13 KOHCTPYKTUBHUX €JIEMEHTIB, 5Kl B
3aJIEKHOCTI BijJl Opi€HTaIii BIAHOCHO OCI JOPOTH
MO>KHA TIOJIIJTUTH HA TPU TPYIIH:

1) moaTKOBUM 1IAp OCHOBH JIOPOKHBOTO OJIATY
(ZpeHaxHuii map);

2) TO3JO0BXHI €JIEMEHTH JApPEHaXxy MUIKOTO
3aKJIaJCHHS;

3) momepeyHi €JNEeMEHTH JPEeHaXy MUIKOTO
3aKJaJeHHS.

[Tapamerpu  m10JATKOBOTO APy  OCHOBH
JOPOKHBOTO  OASATY  (OpPEHAXXHOro  Iapy)
PO3paxoBYIOThH 3a JBOMA METOJIAMU:

- OCYILIEHHS — JUTSt IJIOPIYHOTO
PO3paxyHKOBOTO TEPiOy;

-  TOTJMWMHAHHA —  TepioJ  po3TaBaHHS

MTONIEPEYHHUX BHUITYCKIB.
JIoIaTKOBUM IIAp OCHOBU JIOPOXKHBOIO OJATY,
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Winter moisture accumulation in soils
occurs by moving it in the direction of heat
flow from the bottom and sides, from
warmer to colder places, through the
reallocation of internal reserves of
moisture and migration of groundwater
levels [3-5].

Restoration and gradual normalization
summer water regime of the soil mass. As
the heating period begins roadbed - soil
drying, ie reduce their moisture, restore
density, and load capacity. During this

period, humidification ~ source IS
precipitation. High intensity loss of
summer rainfall and a large deficit

humidity contribute to the formation of
large reserves of moisture in the top of the
subgrade. A full melting of subgrade soils
in is only open capillary (suspended)
water. There is intensive evaporation of
moisture inflow from the bottom of
groundwater is reduced, and in some cases
stopped altogether because in this period
the lowering of groundwater.

Reduced moisture and increases the
strength of the soil. This period
characterized by minimum and maximum
moisture density of soil subgrade [5,6].

The drainage system is shallow may
consist of structural elements, which,
depending on the orientation of the axis of
the road divided into three groups:

1) additional layer of pavement bases
(drainage layer);

2) longitudinal
drainage;

3) transverse elements shallow drainage.
Options additional layer of pavement bases

elements shallow

(drainage layer) calculated by two
methods:

- draining - for year-round settlement
period;

- acquisitions - during thawing cross-
releases.
An additional layer of pavement
foundations, calculated by the method of
absorption used alone, without
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PO3paxoBaHMIA 3a METOA0M MOTJIMHAHHSA
3aCTOCOBYETHCS CaMOCTIHHO, 0Oe3 TO€IHAHHS 3
IHIIUMU €JIEMEHTAMU.

OnHUM 3 BaXJIMBHUX MOKA3HUKIB MPH PO3PAXYHKY
APEHAXXHOIO0 1Iapy € MaKCUMajbHE 3HAYCHHS

TTUOUHU ¢inpTpaniiHoro HOTOKY SIKe
BU3HAYA€THCS 3a (POPMYIIOH0:
Qp'T3an
h’HaC (l)

N q3—q1’

ne  Qp— pO3paxyHKOBUM IMHUTOMHH HAJJIUIIOK
BUIBLHOI BOIIH 3 1m? JPEHYIYOro 1apy, MS/z[o6y;
T, — Yac po3Mep3aHHs BHUITYCKIB Ta JIpeH, 100a
(npuiiMaroTh PiBHUM HE MEHIIE, HDK TpU A00H,
OpU  yIOCKOHAJCHWX TUMAX TOKPHUTTIB, 1 HeE
MEHIIIe, HIK JIBl, — IPH MEPEXiTHUX );

(3— KUIBKICTh BIJIBHOI BOJIM, SIKA TIOTJIMHAETHCS
JIPEHYIOYHMM IIapoM TOBIIMHOIO B 1 ¢M Ha turommi 1
M2, M/M? 3a no0y;

(>—KITBKICTh KaIlJIAPHOT BOJH, SIKA TOTJIMHAETHCS
JPEHYIOYHM IIapoM TOBIIMHOIO B 1 cM Ha mutomi 1
M?, M/M? 3a no0y

@®opmyna (1) ngilicHa JuIIe MOpd  MUTOMOMY

3
M v
HAJUIMIIKY BOJIOTH Qp < 0,003 —; 3a foby W
M
MaJIuX 3HaYeHHAX Koe(ilieHTa QpuIbTpamnii mcKy.

JlomaTKOBUM IIap OCHOBU JIOPOXKHBOI'O OJATY,
pO3paxoOBaHUIl 3a METOJIOM OCYUIEHHS, MOXeE
3aCTOCOBYBAaTUCh SIK CaMOCTIHHO (3 BHXOJIOM Ha
YKOCH 3€MJITHOTO TIOJIOTHA), TaK 1 y MOEJHAaHHI 3
MOMEPEYHUMH 1  TO3/I0BXXKHIMH  €JIEMEHTaMH,
MPU3HAYCHUMU IS BiJIBEJICHHS 3 HHOT'O BOJM.
[Ipu po3paxyHKy ApEeHYIOYOro IIapy 3a METOJIOM
OCYIICHHS MaKCUMalbHE 3HAYeHHS TIMOWHU
(bUTBTpaIIfHOTO MOTOKY B IPEHYIOYOMY ITapi Mae
BUIJISI:

2
hyae = 1 X 7 —IX = +(C; X
) hy i
_ b T 12
exp —o—X ——arctg-—— (2)

1€ { — MONEPEYHHUI IMOXHUI KOPUTA, B COTHUX JIOJIAX
OJIVHUIII;

h, — momyctuMa raHOWHA mIapy BOAM OiIsA Kparo
KopuTa (3a3Buyail He nepesuiye 0,05 M), M;

| — Bimcramp Bif oci JOpPOrH A0 Mepepisy, M0
PO3TIISAIAETHCS, M;
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combination with other elements.

One of the important indicators in the
calculation of the drainage layer is the
maximum depth seepage, which given by:

QpTsan
h = P_, 1
e = 2 ®

where Q,— the estimated proportion of
excess free water with of 1m? drainage
layer, m*/day;

T,., — a thawing issue and drains, day
(taken as equal to not less than three days,
the advanced types of coatings, and at least
two - in transition);

qs;— the amount of free water, which is
absorbed by draining layer thickness of 1
cmin area 1 m?, m¥/m? of day;

q,— the amount of capillary water that is
absorbed driouchi layer thickness of 1 cm
square 1 m?, m¥/m? of day.

Formula (1) is valid only when the unit
excess moisture Qp <

3
0,003 = of daysmall sand filtration
m
coefficient values.

An additional layer of pavement
foundations, calculated by the method of
drying may be used independently (with
access to the slopes of subgrade) and in
combination  with  transverse  and
longitudinal elements designed to drain
water from it.

The calculation method for draining layer
draining the maximum depth of seepage
into drainage layer is as follows:

2

h . h

l l
hy i

oy T 1z
exp —-—X ——arctg-— , (2)

h’HaC = l X + CSB. X

where i — slope trough in hundredths of
units;

h, — allowable depth of water layer at the
edge of the trough (usually no more than
0.05 m), m;

| — distance from axis of road to the section
that discusses, m;
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C,s. — CTYITIHB 3BOJIOKEHHS, 0 JOPIBHIOE:

_%

CSB. - K’ (3)
ne Q, — po3paxyHKOBMH 3arajJbHUM HUTOMMI
HaJUIMIIOK BOJIH, M3/;[06y 3 1 M MPOi3HOT
YaCTHUHU;

K — xoedinienT dinmpTparnii micky, M/n00y;
a — 06e3po3MipHa BETUYMHA, 110 JTIOPIBHIOE:
;2
a= CBB. -5 (4)

N

JlomaTKoBUi MIap OCHOBH JIOPOKHBOTO OJATY,
pO3paxoBaHH 3a METOIOM OCYILICHHS,
PO3paxoOBYEThCS 1 32 METOIOM TIOTIMHAHHS IS
MEePEBIPKH MOMJIMBOCTI HOT0 €(eKTUBHOI poOOTH
y HepioJ] po3TaBaHHS MONEPSYHUX BUITYCKiB. [7,8]

[To370BXKHIM ~€IIEMEHTOM JIPEHAKHOI ~CHCTEMHU
MUJIKOTO 3aKJIaJICHHS € TO3J0BXHS JpeHa (abo
KPYITHOIIOPUCTE SIIPO) JUIS BiJBEIEHHS BOIU 13
MIIIAHOTO JIPEHYIOUOTro Mapy OCHOBU JOPOKHBOTO
OJIATY.

Jlo momepeyHuX €JIEeMEHTIB JAPEHaXy MIJIKOTO
3aKJIQICHHs] HaJleXaThb IONepeyHi BUIYCKU 13
MO3/I0BKHBOTO JIPEHAXXY Ta MOINEpPeuHl JPEeHa)XH1
popisi.

Takoxx 111  OCYIIEHHS JAPEHYHUYOIo
BUKOPHUCTOBYIOTh TPyOUacTi BOPOHKH.

mrapy

EdexTuBHICTH OCyHIEHHS JPEHYIOUOTO IIapy
TpyOuaTUMHU BOPOHKAaMH 3aJIeKUTh B po3Mipy ix
NpUMManbHOI YacTUHU Ta SKOCTI QuIbTpy. Uum
OUTbIIMK  pajailyC NpUWMaNbHOI YacTUHHU, THUM
Ourpiia e(EeKTUBHICTh OCYIIEHHS JPEHAKHUX
mapiB, amxe W HeoOXimHa OulblIa KIJTBKICTh
KaM’STHOTO ~Martepially Juid iX BIIAIITYyBaHHS.
BinmoBigHO 10  AOCHIIKEHb, SKIIO Pajaiyc
MpUHMaIbHOT YacTUHU B3sATH Outbie 0,5M, To iXx
NPONYCKHA 3JaTHICTh OyAe 301IbIIyBaTUCh HE
cyrTeBo. [Ipu BrnamTyBaHH1 NpuitMalbHOT YaCTUHU
paniycom Mmenme 0,23 iX HpomycKHa 31aTHICTh
CYTT€EBO 3MEHITYETHCA.[ 1]
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C,s — the degree of hydration, equal:
Css. =7 (3)

where Q, — the estimated total specific
excess water, m*/day 3 1 m? roadway:;

K —sand filtration rate, m/day;

a — dimensionless quantity equal:

a= C3B. -

5 - (4)

An additional layer of pavement
foundations, calculated by the method of
drying is calculated and the method of
absorption to verify the possibility of its
effective work during thawing transversal
issues [7,8].

Longitudinal part of the drainage system is
shallow longitudinal drains (or coarse-
pored core) to drain water from draining
sandy layer of pavement bases.

By cross drainage elements are shallow
cross drainage issues with the longitudinal
and transverse drainage openings.

Also for drainage pipe draining layer using
a funnel.

The efficiency of drainage layer tubular
draining craters depends on the size of
their admissions and quality of the filter.
The greater range of the admissions, the
greater the efficiency of drainage layers,
but need more rock material for their
devices. According to research, if the
radius of admissions to over 0.5 m, their
capacity will not increase significantly.
When the device-receiving radius of less
than 0.23 of bandwidth is significantly
reduced [1].
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ha
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hass

hpos

R=3,17
Pucynox 2 — ITlomepeunuii mepepi3 IpeHYHOUYOToO
1apy, sIKUi OCyIIyeTbCsl TPyO4acTUMH BOPOHKAMHU
1 — MOKpUTTA Ta OCHOBA; 2 — IPEHYIOYHH 1map; 3 —
IpUiiMabHa 4acTUHA BOPOHKU; 4 — BOPOHKA; 5 —
KpuBa  guchmepcii; 6  —  HampsaM  pyXxy
GbinbTpaniiHOro0 MOTOKY; 7 — HAUIMIIOK BLTBHOL
BOAM, fKa BIDKUMaeTbcs; h; — ToBIIMHA
JAPEHYI0YOro Iapy 1o oci goporu [1,8]

TakoX BaKJIMBUM IapaMETPOM MPH OCYIICHHI
JAPEHYIOUOro IMIapy TPyOUyacTUMU BOPOHKAMH €
BiJCTaHb MiK HUMH. [8]

Bincranp Mk TpyOuacTHMHU
BU3HAYAIOTh 332 POPMYJIOIO:

BOPOHKaMU

L= L+ Ly = ——0K
Kp nc QpBln 6,34

2Ty
3

0,04hqc + 0,4hyqc” + 72
’ ,» ()

2 h363
— 0,04h,5 + 0,4h5" + 018

16 K
+ —_—
QpB

ne: L, — BIACTaHb KPHUBOJIHIMHOTO — pyXy
CTPYMUHOK BOJIH, M;

L, — BiAcTaHb NapajeabHO-CTPYMUHHOIO pPYyXy
BOJIU, M;

K¢ —xoeodimient ¢inbTpanii
IUIONIMHHOTO JAPEHaxXy, M/100;

Qp — PO3paxyHKOBUH MUTOMHUI HAUTMIIOK BUILHOI
Bozw 3 1M? penytodoro mapy, M°/106y;

B — mmpuHa 1BOCKATHOI MPOI3HOI YaCTUHU, M;
Thyg — PAIiyC MPUIMAaIbHOI YaCTUHH BOPOHOK 3a,
M;
hyac —PO3paxyHKOBE  MaKCHMaJbHE  3HAYCHHS
MMOMHN (DUTBTPALIHHOTO MOTOKY B JPEHYIOUOMY
mapi, m;

h — rmuOuHa (iabTpamiiHOrO MOTOKY BiIHOCHO
BIIMITKH HU3Y NPUNMAaIbHOI YaCTUHKH BOPOHKHU,
M;

h,s — BHcOTa micis 30UIBIIEHHS TIOXHIY TIO
IIUPUHI JTBOCKATHOI MPOI3HOI YAaCTUHH, B 30HI
nepes MpUiManbHOK YaCTUHOIO BOPOHKH, M.

marepiainy
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hpos

08

R=317

Figure 2 - Cross-section draining layer,
which is dried tubular craters

1 — cover and base; 2 — drainage layer;

3 — acceptance of the funnel; 4 — crater;

5 — dispersion curve; 6 — the direction of
movement of filtration stream; 7 — excess
free water, which is pressed; h, — the
thickness of the drainage layer at the axis
of the road [1,8]

Also an important parameter in the
drainage of drainage layer tubular funnels
is the distance between them. [8]

The distance between the tubular funnels is
determined by the formula:

3,16 K

L= Ly + Lye = —————h? +
QpB In r—
0,04h  + 04k, 2 4 e
4 16K ’ Hac »*Myac 0.18
3 y
@ 0,04h, + 0,4h,% + 2

0,18

(5)

where: L, — distance curvilinear motion of
water jets, m;

L, — parallel-distance jet
movement, m;

K¢ — filtration coefficient of the material
plane drainage, m/day;

Qp — pecific estimated excess free water
from 1m? draining layer, m*/day;

B — width of dvocate roadway, m;

e — the radius of the receiving side of
the funnels for, m;

h,.. — calculate the maximum depth of
seepage into drainage layer, m;

h — the depth of flow relative to the height
of the bottom of the admissions funnel
particles, m;

h,s — height after increasing the width
dvoskatnoyi inclined roadway in the area
before receiving a part of the funnel, m.

of water
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I'mubuny  ¢iapTpamifHOrO MOTOKY  BiAHOCHO
BIIMITKH HU3y NPUHMAIBHOI YaCTUHKH BOPOHKHU
BHU3HAYAIOTh 32 (HOpPMYII0I0

h = hHac + h361 (6)

ne. [ — TONEPeYHUM TIOXWJI BEPXY 3EMJISTHOTO
MOJIOTHA, BHPAXEHUW B COTUX JOJSAX OJIMHHIII,
HanuacTime npuiitmaroth [ = 0,03, %o;

HeoOxinne 3HaveHHs koedimieHTa (uIbTparii
JIPEHaXHOTO  IIapy MOKHAa  BHU3HAYMTH 32
dhopmyoro

B Qp(B 2)
k= 0,67-(hp+2hq)-(hi+iB 2—hy)’ (8)

J€ (- PO3PaXyHKOBHH IMTOMHH HaJJIMLIOK
. N 2 3

BIJILHOI BOJIM 3 1M~ JpeHy04oro mapy, M°/100y;
h, - rmubuna QiNbTPYOUOro MOTOKY BUILHOT BOAM
0 OCIi JIPEHYIOYOT0 Mapy, MpuiMarTb hy = h,.,
M;

h, — rmmbuna GiIBTPYIOUOTO NOTOKY BUIBHOT
BOJIM IO Kpar JAPEHYKYOro mapy (3a3Buuail He

MIEPEBUILLYE 0,05 m), TUISL BHU3HAYCHHS
MaKCUMAaJILHO JIOITYCTUMOTI'O KoedilieHTa
¢inpTpanii h, = hy,, M.

IIposenemo PO3paxyHOK BIJICTaHI1 MK
JIPEHAXHUMH BOPOHKAMHU TIPU PO3PAXYHKOBOMY
MTUTOMOMY HaJUTAIIKY BOJIOTH
Q, = 0,05Mm* m?3a 06y

MaxkcumanbHe 3HAYEHHS TIIUOUHU

G1IbTpallIiHOTO TOTOKY fKE€ BU3HAYAa€TbCAd 3a

bopmynoro:
Qp'T3an 0,05%3
hyac = =
q3—q1 0,65

= 0,231 M,

7,
hyg = iB 2=0,03 % > = 0,112 m
h = hyae + hyg = 0,231+ 0,112 = 0,343 M,
HeoOxigHe 3HaueHHs KoedimieHta iabTparii
JTPEHAKHOTO MIapy JOPIBHIOE:
B Q' (B 2)? _
k¢ = 0,67-(hz+2hy)-(ha+iB 2—hy)
0,05%(7,5 2)? .
0,67+ 0,231+2%0,231 #(0,231+0,03+7,5 2—0,231)
M
13,474 7106y

Toni BincTans Mik TpyOUacTUMHU BOPOHKaMU OyJie

JIOPIBHIOBATH:
L= L+ L= —0K _pey
Kp Iic QpB ln 6,34

2Ty
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The depth of seepage relatively mark the
bottom of the receiving hopper particles
determined by the formula

h = hHac + h361 (6)

where: i — top cross slope roadbed,
expressed in hundredths of a unit, often
taking, i = 0,03, %o;

The required values of the drainage layer
filtering can be defined by the formula

_ Qp'(B 2)?
ko = 0,67-(hy+2hq) (R +iB 2—hy)’ (8)

where q,,- specific estimated surplus of free
water 1m? draining layer, m*/day;

h, - depth filter flow of free water in the
axis draining layer, taking h; = hy,., M;
h, — depth filter free water flow through
the land draining layer (typically less than
0.05 m) to determine the maximum
filtration coefficient h, = h,,., m.

Count the distance between the drainage
craters counting the specific excess
moisture Q, = 0,05m3 mof day
Maximum depth seepage determined by
the formula:

h _ QpTsan _0,05%3
Hac — -

q3—qi1 0,65
) 7,5
h36 =iB 2= 0,03 *72 0,112M
h = Ry + hyg = 0,231 40,112 =
0,343 M,

The required values of the drainage layer is
filtering:

Ko =

= 0,231 ™,

Qp'(B 2)* _
0,05%(7,5 2)? .
0,67+ 0,231+2%0,231 %(0,2314+0,03%7,5 2—0,231)
M
13,474 106y

Then the distance between the tubular
craters will be equal:

N
+

L= L+ Ly = —0K
Kp e QpBln 6,34

2Ty
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3
Hac

0,04h,,c + 0,4h,,c> +

4 16 K 0,18 _
QPB 2 hs63 -
— 0,04h,5 + 0,4h5" + m
3,16 x 13,474 5
= 52— 0,343° +
0,05%7,5ln —
2%0,25
16 x 13,474
%
0,05 * 7,5
0,04 * 0,231 4 0,4 * 0,231% + 02317
* * —
) ) ) ) 0'18
*
0,04 0,112 + 0,4 = 0,1122 + 0,112"
— * *
) ) ) ) 0,18
= 52,027 m
OTpumyeMO  BIACTaHB MK  TpyO4acTUMH

BOPOHKaMHU PIBHOWO 52 M. Asie npobiema nossrae
B TOMY, IO 111 3aJIE)KHOCTI Ha

BPaxOBYIOTh Pi3Ky 3MiHY BOJIOTOHAKOITUYCHHS,
ake Moxe csaraty 100-120 m3 m? 3a 106y, mo
CIPUYMHEHO 3MiHAMH KIIIMATY 1 peKUMY OTIaIiB.

BucHoBku
Haii0inp1 akTyaabHOIO Mpo0sieMoo OyIiBHUIITBA
B JIOPOKHIN Taiy3l 3alWIIA€ThCS BUHUKHEHHS
nedopmariiii Ta pyiiHyBaHHS MOKPHUTTIB JOPOKHIX
onsari. Cepen NMpuUYMH BUHUKHEHHS AeopMariiil
Ta pyiHHYBaHb JIOPOKHBOT'O OJATY € HEIOCTaTHS
MILHICTh ~ HEYKPIIUIEHUX  OCHOB  JIOPOXKHIX
KOHCTPYKIIIH.
3emJIsiHE TMOJOTHO 1 JOPOXHINM Ofsar y mpoueci
eKCIUTyaTallii 3a3HalTh IPOLECIB, MOB’SI3aHUX 3
TEIUIO-MacOOOMIHHUMU SIBUIIIAMH, TOOTO
NEepIOINYHO  3BOJOXKYIOTBCS 1 NPOCUXAIOTH,
OXOJIO/IKYIOTBCSI 1 HAarpiBaloOThCs, IPOMEP3AIOTh 1
BiATat0Th. CyKYNHICTh IUX IMPOLECIB BU3HAYAE
BTP noporu. HeGesmeuna nisi BOJHO-TEIJIOBUX
(bakTopiB Ha OpOry BHUABIAETHCA y (POpMyBaHHI
MIPOLIECIB 3BOJIOKEHHS 1 MEPE3BOJIOKEHHS I'PYHTIB
MOJIOTHA 1 TIApIB OASATY, HACHIAKOM SKUX €
3HIDKEHHS IIUIBHOCTI 1  MIIHOCTI  IPYHTIB,
BUHUKHEHHS TPOCIJaHHSA 1 3OUMaHHSA OJATY,
BTpara CYIUTBHOCTI OJISITIB YHACJI1I0K
TPILIMHOYTBOPEHHS.
JlpeHaxXH1 CHCTEeMM TOIEPeKYIOTh HaJMIpHE
3BOJIOKEHHSI ~ JIOPOKHBOI ~ KOHCTPYKILii  Ta
OIATPUMYIOTh HEOOXiZHY CTIHKICTh 3E€MIISTHOTO
nonoTHa. JlpeHax mMoBUHEH 3a0e3meuntu 30ip 1
BiJ[Bil BOAM 3 OyIb-SKOI TOYKH TOKPUTTS Oe3
TIepepUBaHHS PYXY, B OyIb-SKHI MEPiOj] POKY.
JlpeHa)kHI BOPOHKHM Ha aBTOMOOUIBHHMX JOpOrax
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3
Hac

16 K 0,18

+—
Q,B h.®
— 0,04h,g + 0,4h.6° + 0,33
3,16 13,474

= 0,343% +

0,05%7,5In =22
2%0,25
16 * 13,474

* 0,05%* 7,5
0,04 % 0,231 + 0,4 % 0,231% +

0,04k, + 0,4h,,.> +

0,2313
0,18
0,112°
0,18

— 0,04%0,112+ 0,4 x0,112% +
= 52,027 m

Get the distance between the tubular
craters is 52 m. But the problem is that
these dependencies account for the sharp
change accumulation of moisture, which
can reach 100-120 m"¥m~? per day, which
is caused by changes in climate and
precipitation regime.

Conclusions

The most urgent problem in road
construction industry is the emergence of
deformation and  fracture  coatings
pavements. Among the causes of
deformation and destruction of pavement is
insufficient strength unfortified
fundamentals of road construction.
Roadbed and pavement in service undergo
processes related to thermal mass transfer
phenomena that occasionally moistened
and dries out, cooled and heated, freeze
and thaw. The combination of these
processes determines ITR road. Dangerous
performance water-heating factors on the
road turns in  forming processes
waterlogged soil moisture and leaf and
layers of clothing, the result of which is to
reduce the density and strength of soil
subsidence and emergence swelling
clothing garments due to loss of continuity
crack.

Drainage systems prevent excess moisture
road construction and maintain the
necessary stability of the roadbed.
Drainage should ensure the collection and
removal of water from anywhere in the
coverage without interrupting traffic, in
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BIIAIITOBYIOTHCSL  JIJIs1  3a0€3MEYEeHHS  CTIHKOCTI
3eMJISTHOTO TOJIOTHA JUISI MAaKCHUMAaJbHOTO 3aXHUCTY
BiJl MEPE3BOJIOKCHHSI OCHOBH JOPOXKHBOTO OJISTY
MOBEpPXHEBUMHU Ta MiJ3eMHUMHU Boaamu. lle B
CBOIO qepry JI03BOJISIE MTO/IOBXKUTH
eKCIUTyaTaliiHii TepMiH aBTOMOOUIBHOI JOpPOTH
Ta 11 KOHCTPYKTMBHUX eneMeHTiB. Hacrtymna
poboTa aBTOpPIB MoOJsSIrae B po3poOlli MOJene Ta
METOMIB MPOEKTYBAaHHS IPEHAKHUX KOHCTPYKLIH,
K1 JO3BOJIAITUMYTh PO3MOJAUIATA Ta BiABOJWTH
BEJIMKI HAJIMIIKK BOJIOTH 32 KOPOTKUH Yac.
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PenenzenTn:

any season.
Drainage craters on the roads arranged to
ensure the stability of the roadbed for
maximum protection from waterlogged
foundations  pavement surface and
groundwater. This in turn can extend the
operating time road and its structural
elements. Next work of the authors is to
develop models and methods for designing
drainage structures that allow distribute
and allocate large excess moisture in a

short time.
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