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BBEAEHWE

Hacrosawee I[Tocobue paspaborano B pazsutHe Tpedosanuit CHull no
yCTpOMCTBY Temnousonupywouwux cnoes [1]. I[Tocobue no3posnser pelnTs
Leaslil pald 3alia4y JOPOXHOIQ CTPOHUTEILCTBA 10 00eCIeueHHI0 MOpO30Yy-
CTONYMBOCTH JOPOXKHOH OHEXKIABI U MPOYHOCTH U YCTONYUBOCTH 3EMIIHO-
IO 1MOJIOTHA B palOHax ¢ CE30HHBIM IPOMEpP3aHUEM I'PYHTOB H BEYHOMeEDP-
3N5IMH I'pYHTaMHU. PemeHue 3TUX 3aJay npe;lIaracrcf OCYLUECTBIATH C
NMOMOUIBIO TEMJIOU3OJIMPYIOIHHX CIOEB M3 MEHOIUIACTA.

B Ilocobuu npencraBneHbl KOHCTPYKLIMH € [IEHOIJIACTOM KM METOIbI HX
pacyera. OOHH KOHCTPYKUHH MOTIYT 3aMEHHTh TPaAHLHOHHbIE JOPOXHBIE
KOHCTPYKUHH, ApYTHe ABJIAKTCA eAHHCTBEHHO BO3MOXHBIMH NPH PEUIEHUH
3ajayd o oOecrneyeHHIo MOPO30YCTOHUYMBOCTH HOPOXHOH OOEXKIbI H
ITPOYHOCTH M YCTOMUYHBOCTH 3eMIIAHOIO InOJIOTHA. Ilocobue 1mossonser
OLeHUTb 3Q(PEKTHBHOCTh IPHMEHEHHA KOHCTPYKLHMM C MEHOIIACTOM IO
CPaBHCHHIO ¢ TPaIULHOHHBIMH KOHCTPYKLIUAMH, BKJIIOUaA pacyeT TONILH-
Hbl MOPO303aUIHTHOLO €I0S, 3aMEHAEMOr0 IEHOIIACTOM.

B ITocobum gaHesl pekoMeHnauuy no BelOOpPY MapkH neHonnacra i
YCTPOHCTBA TEIIOU3OIUPYIOLIMX CI0€B. MMeoTes JaHHblE MHOI'OJIETHHX
NCNbITAHUH NeHoIacTa Ha Aoporax Poccuu Tonsko anga Mapku Styrofoam
npoussoacrea ¢pupMel Jday Kemukan KoMnanu. 9TH ucneiTaHusa nokasa-
JIN, YTO YIMOMAHYTBHIM NMEHOIIACT MOXHO HMCIONL30BaTh JUIA YCTPOHCTBa
TEIUIOU30JIHPYIOLIMX ClI0EB Ha moporax Poccuu [4].

B Poccuu paspaboraHbl COOTBETCTBYIOIIME HOPMATHBHO-TEXHHYECKHE
JOKYMEHTHl [1—6], mo3BonsouMe MNpPOBOAUTH CTPOUTEILCTBO aBTOMO-
OMIIBHBIX JIOPOr € TEIUIOH3ONMPYIOILMMH CIIOSIMU M3 NEHOIIAcTa Styro-
foam. OroT nenomnact ceprupuuMpoBaH MuHcTpoem Pd.

B Ilocobun npuBeaeHbl HOMOrpaMMbl, MO3BOJIAIOLINE ONPEAC/IATL He-
00XOMMMYI0 TOJILHHY CJI0A IIEHOIUIACTA HAa aBTOMOOMIILHBIX JOpOrax B
paioOHaX ¢ Ce30HHbIM NpOMEp3aHHEM TI'PYHTOB, KOTOPbi€ MOXHO NpHMeE-
HATH JUIA OMpeneeHna HeobXoaMMOM TOMIMHBL €104 MEeHOoIUIacTa B a3po-
noprax. B 3TOM ciyyae cneayeT BKIOYATh B pacyeT XOMYCTHMOE 3HaYEHHE
IYYeHUS I'PYHTOB COINIaCHO HOpMaTHBaM U1 a3ponopToB.

Hacrosauwee [Tlocobue MOXHO HCONB3OBATH HE TONLKO IIPH CTPOUTEIh-
cTBEe aBTOMOOMIBHBIX Jopor B Poccuu, HO ¥ B ctpaHax CHI™ ¥ B rocypnap-
crBax Ilpubanruxy.
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1. SAJAYW, PELLAEMbBIE C NOMOLLBLIO NEHONNACTA

1.1. CHUXeHHne TONWKMHbI MOPO303aLiUTHOrO Crnos

B palioHax ¢ ce30HHBIM NMPOMEP3aHUEM I'PYHTOB HUX ITy4YeHHE MO JO-
POXKHOH OJIEXKIOH He JOJDKHO NMpeBbIIIATh AONYCTUMbIX 3Ha4YeHU# [2]. dns
~obecnieyeHus 3Toro TpeOOBaHHUA YCTPAMBAIOT MOPO303aLUUTHBIE CIIOH M3
KOHIAULIMOHHBIX MECKOB, NeCYaHO-rpaBUMHON CMECH, 'PaBHs, YKPEIUIEHHbIX
'PYHTOB M M3 JPYrHX HEMyYMHUCTBIX MaTepuanoB. Ha ydactkax ¢ HebOna-
FONPUATHBIMU FPYHTOBO-THAPOJIOrHYECKUMH YCIIOBHAMMU TOJILLIMHA MOPO-
303alJUTHOrO CJI0A MOXeT jocturatb 1 M M Oonee. Ha Takux yyacTkax
TPYAHO 00ecneuynTh HEOOX0AMMOE KOIMYECTBO KOHIULIMOHHBIX FPYHTOB U
MaTEpUaJIOB I YCTPOMCTBA MOPO303alMTHBIX ClIoeB. Bo MHOrux paiio-
HaX TaKUX IPYHTOB M MaTepHasoB HeT. JlaJIbHOCTb NMEPEBO3KH KOHAMULIU-
OHHBIX IECKOB COCTaBJIAET JECATKH M COTHH KMJIOMETPOB.

TunA Tun B

1
2
§ E
S ~ 3
2

t_
O
™

Puc. 1. KoHCTpyKUMH AOPOXKHONH 0aex bl paBHOLIEHHBIE M0 MOPO30YyCTORYHBOCTH

B yCn0BHUAX MOCKBBI:
] — MOKpBITHE ¥ OCHOBAHHA JAOPOXKHONR ofexapl; 2 — mnecok; 3 — neHorutact Styrofoam

YCTPpOMCTBO TEIUIOM3OJMPYIOLLEr0 CJIOA M3 MEHOIUIacTa MNO3BOJISAET
PE3KO YMEHBIIWTh TOJJIIHHY WIH INOJHOCTBI0 UCKIIOYMTH MOPO303allHUT-
Hbpi# cnoil. Ha puc. 1 npencrasinenbl KOHCTPYKLIMM JOPOXHON OAEXKIbl C
MOPO303alIMTHBIM CJIOEM M3 Nnecka (THI A) H C TEIUIOH30JIMPYIOLIMM CJIOEM
U3 neHoruiacra (tun B), KoTOpble YAOBIETBOPAIOT TPEOOBAHUAM IO NMPOY-
HOCTH U MOPO30YCTOHYMBOCTH B yCIIOBUAX MOCKBHI [3].

2 3ak. 996



1.2. YMeHblUeHHe BbICOTbl HaCcbIinNwW

B paiioHax ¢ Ce30HHBIM IIpOMEpP3aHHEM TIPYHTOB BBICOTA HACBIIH
OOKHA OBITh Takoif, YTOOBI HEe NMPOMCXOAHUIIO INMEpPeyBIaXXHEHHE IPYHTOB
paboyero cjiod 3eMJIAHOro MojoTHAa. BbicOTa HACBINMK 3aBUCUT OT I'PYHTOB,
KOTOpbIE BXOAAT B pabouuii cnoii 3eMngHoro nonorHa [1]. TomuuHa pa-
bouero cnos NMpHHUMaercs paBHOW 2/3 rinyOHMHBI MPOMEP3aHMA, HO HE
MeHee 1,5 M OT NOBEepXHOCTH MOKPBITHA.

Tenaou30HpYIOLIMIA CI0H U3 NeHOoIuIacTa NMO3BOJIAET YMEHBLIMTD TOJI-
wuHy pabouyero cnos 6Gnarogaps CHHXEHHIO IIyOMHBI nmpomMep3anus. B
pe3y/bTaTe 3TOr0 MOXHO HCKITIOUMTDb M3 paboyero c1os HeONaronpHATHbIE
I'PYHTBI, YTO IO3BOJIAET CHHU3HTh TPEOOB2HMA K MHHHMAJIbLHOHM BBICOTE
HAaCBIIH. o

Ha puc. 2 npeacrasneHb! MMHMMaJIbHblE 3HA4€HHs BbICOT HACBIIH,
KOTOpble HYXHO YyCTpauWBaTh B APXaHreJlbCKOH 00JIaCTH Ha y4acTKaX C
[PYHTOBBIMH BOJAMH Ha YPOBHE MTOBEPXHOCTH 3€MIH. B ciyyae ycTpoHCT-
Ba TPAJMLIMOHHOM JOPOXHOW OJEXbl BLICOTA HACBIMH U3 MEJIKOro IeckKa
WIM CYNecH NMecYaHUCTOM JomkHa ObITh He MeHee 2,0 M (THI A). B ciryvae
YCTPOMCTBA KOHCTPYKLUUH C TEIUIOM3OJIMPYIOLIUM CIIOEM, NMPEAOTBpAlllalo-
MM TPOMEp3aHUE FPYHTOB HUIXKE MOBEPXHOCTH 3€MJIM, BbICOTA HACBIMH
noJDKHA OBITh He MeHee 1,5 M (Tun B).

Tun A Tun B

2,0 M

Puc. 2. MHHHMA/IbHbIE 3HAYEHHS BbICOT HAChIMKM B APXaHrelbcKoi 06NacTH MpH YCTPOHCT-
Be TPAIMLIMOHHON KOHCTPYKLUHH JOPOXKHOH OACKIBI (THI1 A) H KOHCTPYKLIMH C NEHOIUIAC-

TOM, NPEJOTBPALLAIOLHKM NPOMEP3aHHE MPYHTOB HHXKE NMOBEPXHOCTH semnu (Tun B):
| — nopoxHas ofiekna; 2 — MeCOK MEMKHA WIH CYTicCh NECUaHUCTas, 3 — CymecH M CYTJIHHKH Nblie-
paThie; 4 — neHomact Styrofoam



Tun A Tun B

Puc. 3. MHHHMaIbHbIE 3HAYEHHA BbICOT HAChINH Ha nojiyoctpoBe SIMan npu yCTpoicTBe
TPaIHUHOHHON KOHCTPYKLHH 3eMJISHOrO NMOJOTHA (THM A) H KOHCTPYKLHH C MEHOIUIaCTOM,

NpPeAOTBPALIAIOLIMM OTTauBaHHE FPYHTOB HHXE MOBEPXHOCTH 3eMiH (Tun B):
] — nopoXHas ouexaa; 2 — Necok MENKHA; 3 — JILAOHACHILICHHbIA rPYHT; 4 — neHomnacT Styrofoam

[TpuMeHeHHe MEHOMIAcTa I03BOJIAET YMEHBIIHTE BBICOTY HACBINH
M COKpaTHTh TOJIUMHY MOPO303alIMTHOrO CJIOA. Ha popore OMcCk—
HoBocubMpCcK npMMeHeHHe MEHOIIacTa MO3BOJIMIO yMCHBIUMTL BBICOTY
Hachlmd Ha 0,9 M M COKpaTHTb TOJILHMHY MOPO303aLUUTHOro CJIOA M3
necka Ha 0,3 m [4].

OCHOBHbIM MPHHLMIIOM CTPOHTEILCTBA aBTOMOOHIIbHBIX 10POT B pai-
OHAaX C BEYHOMEpP3IbLIMH IPYHTAMH ABJIACTCA COXpPAHEHHE JBAOHACHILICH-
HbIX PYHTOB NOJ MOJOLIBOH HAChIMH B TBEPAOMEDP3JIOM COCTOSHHH B
TeyeHHe BCEro rnepuopa 3KCIUTyaTaluHH AOPOTH. [IpH OoTTauBaHMH TAKHX
TPYHTOB OHH TEPAIOT HECYIIYIO CrIocOOHOCTh H JAIOT OCaaKy, NMpHBOIA-
yI0 K pa3pyLIeHHIo J0porH. g Toro, 4yTOObI HEe MPOMCXOAUIIO OTTAUBA-
HUE FPYHTOB, YCTPAHBAIOT BBICOKYIO HACBIIIb.

BbICOTY HacCBIMH MOXHO YMEHBLUHTD B PE3yIbTaTe YCTpOKCTBA TEIUIO-
H30JIMPYIOILMX c10€eB U3 neHomuacra. Ha puc. 3 npeacraBiieHbl MUHUMAJIb-
HbIe 3HAYEHUS BLICOT HACHIMU, KOTOpHIE HYXXHO YCTPanBaTh Ha MOJyoCTPO-
Be SIMan npH cpoke cayx6sr goporn 30 €T [6]. B cnyyae ycTpoicTBa
TpaJMLMOHHBIX KOHCTPYKLHH 3€MJITHOTO MOJIOTHA M3 MEJIKOTO IECKa BbI-
cOTA HACBIMK IOIDKHa ObiTh Goiee 2,0 M (Tvn A). B ciyyae ycTpoHcTB2
3eMJISHOTO MOJIOTHA C TEIUIOH3OJIMPYIOLIHMH CIOAMH M3 IICHOIUIACTA BbI-
COTa HACBhINM HorkHA ObiTh 1,5 M (THI B), HCXOIS U3 YCIOBHS CHErOHE3A-
HOCUMOCTH JOPOTH.
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1.3. YMeHblieHHne rnyonHbl BbleMKK

[Tpu HeOGMaronpMATHLIX IPYHTOBO-TUAPOJIOTMYECKHX YCIIOBHAX B pau-
OHaX C CE30HHBLIM NMPOMEP3aHUEM YCTpauBalOT B BbIEMKax TOJICTbIE MOPO-
~ 303aluTHBIE cou (TUn A). Ty e MOpO30yCTOMYHBOCTL MOXHO obecre-
YUTh YCTPOMCTBOM TOHKHMX TEIUIOM30JIMPYIOLIMX CIIOEB H3 MEHOIIAcTa (THIT
B). B pe3ynbTraTe yMeHbIIEHHS TOJIIUMHBI JOPOXHOM OHEXKIbI CHHXACTCA
riyOHHa BeleMKH. [103TOMY yMeHbluaeTcs 00beM 3eMIIIHBIX paboT M 00-
JIEr4aroTcA YCIOBUSA MUX MPOBEAEHUSA, OCOOEHHO B NMEPHOJ BbINAACHHUA JOXK-

Ieu.

Tun A Tun 8

70 cM

Puc. 4. KOHCTpYKUHMH 3eMJIAHOrO MOJIOTHA B BbIEMKAX Ha 0pore Omck—HoBocubupck
pH YCTPOHCTBE TPAAMLHMOHHON JOPOXHOH OeX /bl (THI A) ¥ JOpPOXHOH OneXpbl C MEHO-

ruiactoMm (tun B):
| — NOKpPBLITHE W OCHOBAHHE NOPOXKHON ONEXKIbI, 2 — MECOK cpeaHell KPYMHOCTH; 3 — MEHOTUTACT

Styrofoam

Ha puc. 4 npeacrapiaeHbl KOHCTPYKLMH 3EMIITHOTO IOJIOTHA B BbIEM-
xax Ha jgopore OMck—HOBOCHOMPCK OT MPOEKTHOIO KM 38 + 500 mo xM
76 + 515. Jlopora 3anpoexTHpOBaHa 1o HOpMaTHBaM I TEXHHYECKOH KaTe-
ropud. B xoHcTpykuMsax tna A ¥ B nopoxHas ofexnaa yAOBICTBOPACT
TpeGOBaHUAM [0 MPOYHOCTH H MOPO30YCTOHYHBOCTH.

Heo6x01MMoe KOIMYeCTBO meHomaacta cocrasiser 840 m> Ha 1 kM
nopor. Brnarogaps ycTpoHCTBY TEIUIOM3OTMPYIOLIETO CJIOA COXpAIlAeTCs
KOJIMYECTBO KOHAMLIMOHHOTO necka (He MyYHHUCTOro € KO3(PHLHEHTOM
¢bunpTpauuu Gonee 2 M/cyT) Ha 11920 M3 Ha | kM noyorn M YMEHBLIAETCS
o6beM 3emisiHbIX pabor Ha 24400 M3 — 35400 M° B 3aBMCHMMOCTH OT
rryOMHBbl BBIEMKH Ha 1 KM JOPOTH.
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1.4. Acnonb3oBaHue rpyHTOB NOBbLIWEHHOW BNAXHOCTH

[Ipn BO3BeeHHH 3eMJISHOTO MOJIOTHA HYXHO YIUIOTHATH I'PYHTHI pa-
Ooyero cios no tpedyemoili rotHocTH [1]. IIpu ycTpoiicTBe mopoxHoii
oeXx bl ¢ achasbTOOETOHHBIM WIH LIEMEHTOOETOHHBIM MOKPLITHEM ILJIOT-
HOCTh I'PYHTA HOJKHA ObITh HEe HHXE cOOTBeTCTBEHHO 0,98 M 1,0 Makcu-
MaJIbHOM IUIOTHOCTH IO METOAY CTaHAapTHOro yruiotHeHus no I'OCT
22733—90. Takoe yninoTHEHHE BO3MOXHO TONILKO MPH BIAXHOCTH IPYHTA
O/1M3KOH K oNTUMAJIbHOM (W ). O6ecneyuTs CTpOMKY IPYHTaMH C TaKOi
BJIQXXHOCTBIO ObIBaeT CI0XHO. OCOOEHHO 3TO UMEET MECTO BECHOH IOCIIe
TassHUA CHEra U OCEHbIO B NMEpUOJ BbiNaaeHHUA AoxacH. IIpuMeHenue Ten-
JIOU30THPYIOLIMX CJIOEB U3 MEHOIUIACTA IO3BONIAET UCIONB30BATh IPYHTHI
MOBBILIECHHOH BJIAXHOCTH 11 YCTpOMCTBA paboyero cjios 3eMIsHOro Mo-
. JIOTHA MNPH BBINIOJHEHUH TPeX YCIOBHMH. Bo-nepBbiX, THI yBIaXKHEHUS -pa-
O0Yero cnos 3eMJITHOrO MOJIOTHA AOJDKEH ObiTh 1-M Mim 2-M {1}, Bo-BTO-
PbIX, TPYHT HAaAQ YIUIOTHATh A0 IUIOTHOCTU He HUXe 0,95 oT MakcuMalb-
HOH, B-TPETbUX, TOJILKMHA MEHOIUIACTa JOJ/DKHA ObITh TaKoM, yTOOb! He
[IPOUCXOAMIIO IPOMEP3aHHE IPYHTOB MO HOPOXHOHN oaexnoit. ITpu Takux
YCJIOBHSIX HE NMPOUCXOOUT MOPO3HOE NyYeHUE IPYHTA, 8 POUCXOIUT TOJIb-
- KO €ro ycaaxa B JICTHHUH nepuol. B pe3ysbTaTe 3TOro rpyHT OJOYIUIOTHSET-
Cd 0 MaKCHUMaJIbHOH IUIOTHOCTH H Jaxe 6ouee [4].

Tun A
7, 05 'WOﬂT

f 1
2

Z 4
5
J

J

Puc. 5. JlonycTHMBbIe 3HAYEHHS BJIAXHOCTH TAXKEJIOro MNbUIEBATOr0 CYIJIHHKA, TPH KOTOPLIX

MOXHO YIUIOTHHTB IPYHT O HOPMaTHBHBIX BeJIMYMHH NPH YCTPOHCTBE TPAIMIIHOHHOH M0-

POXHOM KOHCTPYKUHH (THN A) H KOHCTPYKLHH C MEHOIU1acToM (Tun B):
] — noxpeITHE H OCHOBaHHE JOPOXHON ofieXapl; 2 — MecoK; 3 — TAXKEMbLIA NbUIeBaTHIN CYTTHHOK; 4 —

neHomact Styrofoam; 5 — reoTekCTHIb



Ha puc. 5 ykaszaHbl MakCMMaJibHble 3HAUCHHUSA BJIAXHOCTH TSAMXKEIOIO
NbUIEBATOIO CYIJIHHKA, NPH KOTOPBIX MOXHO NMPHMEHATb 3TOT I'PYHT A
yCTpOHCTBA padboyero clios 3eMJISHOrO MOJIOTHA B ClIyyae TPaaHLUHOHHOIO
pelleHUs JOPOXKHON oaexabl ¢ achaibTOOETOHHBIM MOKPLITHEM (TUIT A) H
B CJIy4ae BKJIIOYEHUSA B KOHCTPYKUHIO TEIUIOH3OJIHPYIOLIETO CI0A U3 MEHO-
niaacra (Tun B).

1.5. NosbilweHne JONTroBeYHOCTU U POBHOCTHU NOKPbLITUS

Bo BpeMs 3xcrutyaTaliiy JOpOrH B paioOHax ¢ CE30HHBIM NNPOMEP3aHH-
€M MPOUCXOAMT KPYIJIOTOAMYHEIH NNPOLECC H3IMEHEHHS MIIOTHOCTHU H BlIaX-
HOCTH NMYYUHHUCTBIX I'PYHTOB. JTOT IpPOLIECC COCTOMT M3 YETbIpeX OCHOB-
HbIX NEpPHOZOB: HabyxaHHe OCEeHbIO, MyYeHUE 3HUMOH, OcaaKa CpyHTa NpH
OTTaWBaHHH BECHOH M ycaJkKa NPH BLICBIXaHHH JIeTOM. KpyrioroanyHslie
U3MEHEHUA TVIOTHOCTH Y BJIAXKHOCTH MOBTOPHAIOTCA B TEYEHHE BCEro CpoKa
cnyX0sl coopyxenus. IIpu 3ToM B pe3ynbTaTe OCaIKH M YCAOKH I'PYHTOB
B BECEHHE-ICTHUH NepHOJ MOXET NPOUCXOUTD HIIH HE MPOHCXOAUTh BOC-
CTAHOBJICHHE MX HA4YaJIbHOH MNIOTHOCTH, JOCTHTHYTOH MPH CTPOHTEIILCTBE
Joporyu. B nocnenHem cnydyae MMeeT MECTO pa3yIUIOTHEHHE IPYHTOB NpH
MHOIOKPATHOM NYYCHHH B TEYCHHE LIENIOr0 pAAa JieT, [10Ka MX MIIOTHOCTh
B JICTHHH NEPHOJ He cTaHeT paBHOH "ObITOBOM IUIOTHOCTH" [3).

YKa3aHHbIE MPOLIECChI MOOHATHUA U ONYCKAHHUA IOPOXHOH OOECKIBI
NPOHCXOOAT HEPaBHOMEPHO MO IUIowand npoesxei yactu. OcobeHHo 310
MMEeT MECTO BECHOM, Korja noa AeMCTBUEM TPaHCIIOpTa YCHIMBAETCS He-
PaBHOMEPHOCTh OCAJKH pa3yIUIOTHEHHOrO H BOXOHACBIIMEHHOI'O IPYHTA.
[Ipu 3TOM, YeM Ooblle pa3Mep Ny4YEeHHs I'pyHTa, TeM Donee HepaBHOMED-
HO NMPOMCXOOUT NMOOHATHE H ONMYCKaHHE NMpoe3xed 4yacTH. Takoe exerona-
HO€ BO3ICHUCTBME Ha JOPOXHYI0O OLEXKIAY BJIMACT H2 €€ JOJIOBEYHOCTb H
POBHOCTL MOKPBITHUS.

YCTPaHHTb MOPO3HOE NYYEHHE ~— ITO 3HAMHT YBCJIHYHTD N0/ITOBEYHOCTD
M POBHOCTBL NOKPbITHA. TeOpeTHYECKH 3ITOrO MOXHO HOOMUTHCS 3aMeHOH
NY4YUHUCTHIX TPYHTOB Ha BCIO rIyOHMHY nNpoMep3aHusd KOHIHLHOHHDBIM Iiec-
KOM, MeCYaHO-TpaBUHHOH CMeCblO, I'PAaBHEM, YKPEIUIEHHBIM I'DYHTOM H
OPYTUMH HENMYYHMHHUCTBIMH MaTepuasiamu. IIpakTH4YecKH caenarb 3TO He-
BO3MOXHO B pailoHax, rae rinybuHa npoMmep3anusa nocruraer 3,0 M » Gonee.

YCTPOMCTBO TEIJIOM3OJIMDYIOLWMX CJI0€B H3 MEHOIUIACTa ITO3BOJIACT
NpefOTBPATHTD NPOMEP3aHNE NYYUHUCTBIX IPYHTOB NOJ JOPOXKHOH OJEXK-
noi. B pe3ynprare 3TOr0 YCTpaHsercs OCHOBHOH (pakTOp pa3ylIOTHEHHUS
I'PYHTOB pabouero ciog 3eMIsHOro nonorHa. IL1I0OTHOCTE HeHabyxawux
H c1aboHa0byXaoWHX rPYHTOB MOYTH HE MEHAETCA B NNPOHECCE IKCITyaTa-
MU JOPOTH. BaXXHOCTh IPYHTOB, YIUIOTHEHHBIX 10 HODMAaTHBHBIX 3Haye-
HHUH, TaKXKe MeHseTca Majo. [Ipy Takux yCHOBHAX HeCylias CriocOOHOCTb
rpYHTOB pabouyero cjaos He MeHAeTCd Mo ce30HaM roga. Toabko Omaro-
aaps 3ToMy QakTopy HOJrOBeYHOCTh NOKPBLITHA YBEJIMYHBAETCA IPHUMEP-
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Tun A Tun B

Ty Tg>1,31g
Ommemxa po8Hocmu:

" ydoBnembopumensHo ™ " X0powo”’
| 1 !
2
2 4
)
J 3

Puc. 6. [Tokasarem noaroBevHOCTH H POBHOCTH IMOKPHITHSA MPH YCTPOHCTBE TpaIMLIMOH-
HOH KOHCTPYKLMH OOPOXHOH omexanl (THN A) H JOPOXHOH ONEXIbl C MEHOIUIACTOM

(tvun B):
] — NOKpLITHE U OCHOBaHHE NOPOXHON ONeXIbl; 2 — MecoK;, 3 — IpyHT, 4 — neHomnact Styro-
foam; 5 — reoTeKCTWIb

HO Ha 30 % no cpaBHEeHMIO ¢ TPAAMLMOHHBIM PELIEHHEM IOPOXHOM KOH-
cTpykunu. IIponomxurenbHOCTD cpoxa CiIy>KObl KOHCTPYKLIMH C NEHOMJIac-
TOM 3HAYHUTEILHO 60JIblIIE YKa3aHHOI'O 3HAYEHHUS, TAK KaK He NMPOHCXOIHUT
€XXEroHOr0 HEPaBHOMEPHOTO NOIHATHA H ONYCKAHUA JOPOXHOH OJIEXKIHbI,
KOTOPO€ BO MHOI'OM OIpeJeNseT OJ0JrOBEYHOCTh COOPYXEHMA.

Ha puc. 6 npuBeneHs! JaHHbIE O COOTHOLUEHUH MEXIY CPOKAMH CITyX-
Obl noxpeiTua (T, n€T) NpH TPAOULMOHHOM PELUEHHUU JOPOXHOH OJEKMIbI
(Tun A) U ycTpo#icTBE KOHCTPYKLHH C NMEHOIUIACTOM, NPEAOTBPALLAIOLIHM
NpoMep3aHUe IPYHTOB paboyero cios 3eMJIAHOro noJjioTHa (tun B). ITpu-
BE€/ICHb! JAHHBIE O POBHOCTH MOKPBITHA Ha nopore OMck—HoBocHOHpCK.
3amepbl NPOBOAWIKCE Mocne 12 jeT 3KcrulyaTauMy Aopory [4).

1.6. PelweHnA, BO3MOXHbI@ TONBLKO C MEeHONNacTrom

OnHo# U3 3a7ay JOPOXKHOH CyXObI ABJIIETCA YCTPAaHEHHE NMYYHH Ha
CYLUECTBYIOLIEH CETH aBTOMOOUIIBHBIX 1OPOT. [Tyyunamu Ha3bIBaKOT Aedop-
MalMH JOPOXHBIX OJEXKI U 3€MJIAHOIO IMOJIOTHA, MPOABIAIOLIMECA 3UMOM
BO B30yrpMBaHMM M MOTEPE POBHOCTH MOKPHITHA, & B IEPHOA OTTaUBAHUA
NpH 1poe3ae aBToMoOuIIe — B NpoJIOMax OAeXIbl, BEI3BAHHBIX CHHXKEHH-
€M NPOYHOCTH NEPEYBIIAXHEHHBIX IPYHTOB.
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B ycnoBusx PoccMH MNy4yuHbl CEPBE3HO OCIOXHAKT 3JKCIUIyaTa-
{0 nopor. Ha oTnensHbIX yYyacTKax JOPOTHM HX NPOTIXKEHHOCTb JOCTH-
raeT 30 % u 6onee. [To mauueiM HMpkyrckrunpogopHHUM (1998 r.) Ha
yuyactke noporu TioMeHb—OMCcK OT kM 248 10 kM 297 uMeroTcs 7 Mmyuu-
HHCTBIX MECT 001IeH NpoTAXeHHOCTEIO 6,5 xM. Ha yuactxe noporu "bai-
xan" rpanudua KpacHospckoro kpas — HMpkyrck, ot kM 1689 mo xm 1712
umeroTcs 10 MyYuHHUCTBIX MeCT 00lIeH NPOTAXEHHOCTBIO 6,8 KM.

Bopr6a ¢ nydHHaMH TpaaMUHOHHBIMH METOJAMH BO MHOTHX Cly4asX
Mas103¢deKTHBHA, a B pAAE Cay4dasX MPOCTO HEBO3MOXHA. EQMHCTBEHHO
BO3MOXHBIM pellleHUEM, MO3BOJIAIOLIMM YCTPAHUTDh NMy4YHHY, ABJIACTCA YCT-
POMCTBO TEIUIOH3OJMPYIOLLEro ¢10A M3 neHonnacra. Ha puc. 7 nokasaH
OIMH M3 TaKMX caydaeB. Jlopora NpOXOOUT B HachIMM BBHICOTOH 1 M.
MecTHOCTh paBHHHHAsA, NMOBEPXHOCTHBIA CTOK He obecneyeH. Ilon Hackl-
MbIO 3aJieraer cynech npuieBaras. MMeoTcsa noa3eMHbie BOIbl (BEPXOBOA-
Ka), YPOBEHb KOTOPLIX COBMAJaeT C IOBEPXHOCTBIO 3eMiIM. I 1yOHHa npo-
Mep3aHua B OTKpbITOM mnoje 6omee 1,5 M. Ha mopore MMEIOTCA NMyYHHBI.

Tun A Tun B

&

*

-
_ Anp
- Z

Puc. 7. KOHCTPYKUHH JOPOXHON OEXKAb! C MOPO303aLIHTHBIM CIIOEM (THI A) H C TEMJIOH-
 30JIMPYIOLMM CJI0EM M3 MeHorutacTa (TUn B), koTOpBle pacCMAaTPHBATIHCH NPH PELICHHH 33-

JIa4yH MO YCTPaHEHHIO My4YHHBbI HA AOpoOre: ,
| -— NOKpBITHE H OCHOBAHHE TOPOXKHOA ONEKIBI, 2 — necok; 3 — rpasuif; 4 — cynecs neUtesaTas; 5 —
nenoract Styrofoam; 6 — TeoTEKCTHTS, 7 — IPYHT CyWIeCTBYIoweR Hachiny; figp — rTyOHHA nmpomep3a-
HHUA
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PexoHCTpYKUMA NYYHHHCTOrO ydacTKa NpeaycMaTpHUBaeT YCTPOMCTBO
IopoXxHOH onexap! TomuuHOH 0,5 M. B clydyae yCTpOHCTBA JONOJHHUTEND-
HOTO MOPO303aUIMTHOrO CJI0A €ro TOojlWMHa JOJKHa ObiTh Oosee 0,5 M
(Tun A). Ilpu TakuXx ycnoOBHUAX HH3 AOPOXHOHM OOEKIB! pacrnoaraercs
HH)KE ITOBEPXHOCTH 3€MJIH B 30HE BEPXOBOIKH.

s obecrieueHus TpeOyeMOd OONMIOBEYHOCTH KOHCTPYKUMHM HYXHO
OTBOJUTHL BOIY M3 CJIOEB JIOPOXHOH OOEXKIbl H BEPXHHUX CJI0EB 3€MIIAHOTO
10JIOTHA, YTO HENb3d BbINOJHHTL, HEBO3MOXHO OTBECTH BOJAY B PaBHHUH-
HOH MECTHOCTH, KOI'Zla 4acTb MOPO303aLHUTHOIO CI0A HaXOOUTCH HUXKE
YPOBHA NOA3eMHbIX BOA. [103TOMY B yKa3aHHBIX YCIOBHSX HENb3s YCTPaH-
BaThb MOPO303allMTHLIN CloM 1A ycTpaHenus nyuuH. Eime Oonbue npo-
THBOIOKA33aHUH UMeeT MOPO303aLIUTHBIN CJIOH M3 3€PHHCTBIX MaTEPHATIOB.
Huxe moBepXHOCTH 3eMJIM OH 3aNOJIHEH BOAOH, B PE3YILTATE YErO CHHXA-
ercd Hecylas CrnocoOHOCTh 3epHHUCTOro Marepvana. Mopo3ozamuTHbIMA
CJIOW, 3arOJIHEHHBIN BOJOM, HE YCTpAHAET NyYeHHE, TAK KaK B HEM INPOHUC-
XOIUT JIbI000pa3zoBaHue.

KoHcTpykuus ¢ TEIIOM30IUPYIOLLHM CIIOEM M3 NeHoIIacTa (Tun B) He
MMEET YKa3aHHbBIX HEJOCTATKOB M I103BOJIAET YCTPAHHUTh NMYYHUHE! HA JOPO-
rax.
B paiioHax ¢ BeYHOMeED3JbIMH I'PYHTAMH MOTYT OBITh TaKXe ClIy4aH,
Korma Henp3s oboliTHch 6e3 neHonnacra. OHUM M3 TaKUX CIIy4yaeB SBJIA-
€TCA BBIHYXJICHHOE YCTPOMCTBO 3E€MIIAHOIO NOJIOTHA B HHU3KOHM HACLIMH
H3-3a penbeda MecTHOCTH [6]. Ecnu He ycTpauBaTh TEIUIOH3ONUPYIOLUMH
CJIOH M3 NEHOIIACTa, TO NPOUCXOAUT OTTauBAHHE JIbJOHACBIIEHHbBIX I'PYH-
TOB ITOJ MOOOILIBOH HACKIH, BCJIEACTBHE 4Yero gopora paspyiuaercs. [1pu-
MEHEHHE NEHONIAcTa MO3BOJIAET NpEeNOTBPaTHTb OTTAHBAHHE IPYHTOB H
COXPaHUTE AOPOrY.

2. ONIPEAENEHUE HY)XHOW MAPKU NEHOMANACTA

2.1. YcnoBua paboTh! neHonnacrta B KORCTPYKUMH

[TeHonacT B KOHCTPYKUHH IOJBEPraercs BO3MEHCTBHIO CUJIOBBIX H
NpUpoaHbIX paxTopoB. [eicTBHE NMOBTOPHBIX KPATKOBPEMEHHBIX HArpy-
30K OT TPaHCNopTa BbI3bIBAeT AedopMalivy npH CKaTHH U U3Irude mneHo-
miacrta. Bo3geiicTBue npyUpoAHbIX PakTOPOB Ha MEHOIUIACT NMPOABIAETCA B
IIPOMOPaXUBAHNUH H OTTAHBAHHH, YBJIAXXHEHHUH H BbICYIIHBAHHH, HEPABHO-
MEPHOM NOJHATHH ¥ ONMYCKaHHH TEIJIOM3OJIMPYIOLIETO cnosd. TeMnepaTyp-
HBIH I'paHEHT IO TOJIIHHE C/ION MEHOIIacTa AOCTUraeT B ycaosusax Poc-
cuu 1,5 rpag/cMm u Gonee. [leiicTBUE HArpy3oK OT TPAHCIIOpTa HPOXOOHMT
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B YCIOBHAX, KOrja BEPXHAA 4acTh CJI0A MEHOIIACTA HAXOOUTCA B TaJIOM
COCTOSIHUH, @ HHXXHAA — B Mep3JI0M ¥ Hao00poT. [Ipu TaxOM COBMECTHOM
BO3OECHCTBHH CHUIIOBBIX M NPHUPOAHBIX (AKTOPOB TPYOHO MOICIHPOBAThH
paboTy NMEeHOMIacTa B KOHCTPYKUHUM.

OCHOBHOM MEXaHM3M pa3pylleHUs MEHOIUIaCTa — 3TO YCTAJIOCTh Ma-
Tepyana. ['J1aBHLIR KpHTepHH Ha3Ha4YeHHS HeoOXOAHMOH MapKH MEHOMTAC-
Ta — 3TO pe3yJabTaThl HATYPHBIX Ra0JI0XEHHIA.

2.2. AcnbiTaHnA Ha goporax

[To yxazanuio Munrpanccrposa B 1983—1995 rogax ObUIH NpOBEAEHDI
HcnblTaHUsA neHonnacra Styrofoam Mapku HI-50 na nopore Omck—HoBo-
CHOMpcK (palioH ¢ CE30HHBIM IpoMeEp3aHHEeM) U Ha MEXIPOMBICIIOBOH
apTomopore YpeHroi -185 (paitoH ¢ Be4HOMeP3JIbIMUA I'PYHTAMH). Y4acCTOK
goport OMck—HoBOCHOHMPCK € TEMUIOH3ONHPYIOUIMMH CIOAMH M3 MEHO-
acra Styrofoam Haxomurtcs B paiione ropoja UyasiM [4]. ItoT paiioH
XapakTepHU3yeTCcs CYpOBbIMH MOPO3HBIMM 3HMaMH, XKaPKUM JIETOM U He-
O1aronpUATHHIMM FPYHTOBO-THAPONOrHYECKHMH yCIIOBUAMHU. 110 TaHHBIM
['napomertieHTpa PoccHM TeMmiepaTtypa BO3ayXa 3MMOHR JOCTHraeT 3/eCh

MHHYC 50 °C, a neroM — runoc 38 °C. B nepyHoa UcnbITaHHUSA NeHONIacTa
CyMMa OTPHUATENLHBIX I'Padyco-CyTOK cocTaBwia oT 1133 no 23735 3a oany
3UMY.

HJopora Ha 3KCIEPUMEHTAIIBHOM Y4acCTKe MPOXOJUT HAa MECTHOCTH C
HeobecreYeHHbIM NTOBEPXHOCTHLIM CTOKOM. BepXxoBoaka OTMeYeHa Ha I1y-
Oude 0,5—1,7 M OT NOBEPXHOCTH 3eMIIH. 3eMIITHOE MOJIOTHO M3 JIETKOH
NBUICBATOM TJIMHBI HPOXOAUT B HACKINM BBICOTOH 1,65 M. TOT ke rpyHT
3aJIEracT MNoa NMOJOLIBOX HACKINH. JlOpoXHAaa O4eXKAa HAa IKCIIEPHUMEHTAJIb-
HOM y4aCTKE UMEET LUEMEHTOOETOHHOE MOKPBITHE (CM. HHXKe). B TeueHHe
12 ner nedornacrt Styrofoam Haxoauica B JOpOXHOHR oxexae. 1A olleHKH
€ro JOJIrOBEYHOCTH ObUIH OTOOpaHbl 06pa3up! MeHOoIIacTa ¢ IKCIepUMEH-
TaJIbHOrO y4actka noporu OMck—HOoOBOCHOHPCK, KOTOpbIe ObLIN MCIbITA-
Hel B HMcneitaTtensuom LlenTpe "Crpoiimomumeptect”. PesynbTaThl 3THX
HCIIBITAHUK NpeacTaBicHbl B Tabl. 1.

N3 npuBeneHHbIX B Tabd. 1 ODaHHBIX MOXHO CI€NaTh BBIBOO O
TOM, 4TO MneHomnacT Styrofoam noyTH He H3MEHWI CBOM CBOMCTBA B
npouecce 3KCruryatauMu goporu. Ilpowsouuyio TONBKO HEKOTOpPOE €ro
CXKaTHEe B INEPHOA CTPOMUTEILCTBA JOPOXKHOW Ofexabl. Pe3ynbrarhl HC-
NbITAHUHA MNOKa3anau, 4YTo neHomnacT Styrofoam mapku HI1-50 moxHO
NPUMEHATL I YCTPOUCTBA TEIUIOU3OMHUPYIOLUMX CJIOEB Ha aBTOMO-
OMJILHBIX Joporax. M3MeHWIacb HOMEHKIATYpa MEHOIUIACTOB, BBINYC-

xaembix dupmoit lay Kemukan Komnauu: Bmecto Mapku HI-50 HyxHO
npuMeHsATsr Mapky FIOORMATE 500.
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Tadonuua |

] HopMaTusHbIl JHaueHHs nokasaTesnei
AOKYMCHT, QHIHKO-MEXAHHUYECKUX
H::: ;Haﬁt;;c pernaMeHTHpYIoLHi CBOHCTB neHomiacra
MCTOJ OnpeaeIeHus —
[OXa3aTeNa HAYyaJIbHble KOHEYHbie
InotHOCTS, KI/M® DIN 53420 38 43,1
- — FOCT 15588-86 — —_—
IlpoyHocTs Ha cxaTHe nipu 10 % DIN 53421 0,40 0,48
HHHEHEIGH ﬂ,e(bOpMau.HH, Mna TOCT 15533—36
(H/mm7) _ ] ____1 S S
Momymb ynpyrocti, MITa (H/mm?) DIN 53421 15 19,2
23404-86 I _
TemnonposomHocTs npu 10 °C, DIN 52612 0,027
Brm-K) ] I
TennonpoBogHOCTE B CYXOM COCTO- ["OCT 7076387 0,0286
snuH npH 20 ° C, Br/(m - K) . l
TennonpoBoAHOCTL B BOAOHACHI- I'OCT 707687 0,0301
LI¢HHOM COCTOSIHHH NpH 20 °C '
1 BECOBOM BITAXHOCTH, PABHOIR i
4,6 %, BT/(M + K) - o L
Bononoriaoiieudue Bcero JMCTa, DIN 53434 0,2
% no obbemy . . ~ —_ —
Boaonoraowmenue nociae 300 wuk- DIN 53434 1,0
JIOB NPOMEP3aHUA-OTTAHBAHHA,
% no obveMy - I L
Bononornoiexsne 3a 24 y, F'OCT 15588-86 0,53
% no obbemy B i

3. KOHCTPYKUUU B PARKOHAX C CE3OHHbIM NPOMEP3AHUEM

3.1. MpuHUMNLI NPOEKTUPOBaHNUA

KOHCTpYKLUA JOPOXKHON ONex bl JOJDKHA YAOBIETBOPATL HOPMATHB-
HbIM TPeOOBaHUAM MO NPOYHOCTH, MOPO30OYCTOHYHBOCTH H OpPEHHPOBA-
HHUIO [1]. B cooTBETCTBHH ¢ TpeOOBAHHAMHU MO MOPO30YCTOHYHBOCTH HEOD-
X0AUMO, YTOOBI NYYEHKE IPYHTOB MOJ JOPOXKHOHN OACKIOH HE NPEBLILLIATIO
JONYCTHUMBIX 3Ha4YeHHH. B Poccuy nonyckaroT Ha TOpOrax nmy4eHUe IrpyH-
TOB Lo, = 3 cM Ipu ycTpo#CTBE UEMEHTOOETOHHOIO MOHOIIMTHOTO IO-
KpeITHA; L = 4 ¢M npu ycTpoiicTBe COOPHOro NOKpBITHA, 2 TaKXe NpH
YCTPOHCTBE JOPOKHOM OEXKIbl KAITUTANILHOIO THNA C acPaIbTOOETOHHBIM
nokpbITueM; L = 6 cM npu ycTpoicTBe JOPOXHOH OJEXKAbl 00JIEr4YeHHOro

3*
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TMNa ¢ acdanbToOeTOHHLIM NOKpbhITHEM. 1 nopor MeXAYHapOJIHOro
Kj1acca JOMyCTHMOeE IyYEHHE FPYHTOB MOL JOPOXHOH OJEXKA0H He JOIKHO
NpEeBLILIATE 2 CM.

JlonycTuMoe 3HauyeHUe NMy4YEHUss IPYHTOB OmNpejieNnseT 3aKa3uuK CTpO-
UTENIbCTBA aBTOMOOMIBHOH AOPOrH; OHO He JOKHO IpeBBILIATHL 3HAYE-
HUH, NPUBEACHHLIX Bhillle. YeM MeHblIE AONYCTHUMOE 3HAUYECHHE IMYy4YeHUS
IPYHTOB, TE€M JIYYllle POBHOCTb NOKPBLITHUS B NMPOUECCE IKCIUIyaTalHUH JO-
pord 1 0oJbLIe CPOK CaYyXObl JOPOXHON OHEKAbl. Y CTPOMCTBO TEILIIOU30-
JIMPYIOLIETO CJI0A U3 IEHOIUIACTA MO3BOJIAET YMEHBLUINTL MOPO3HOE TTyye-
HUe I'pyHTa Onaronaps CHHXECHUIO INIyOHHBI NPOMEP3aHUA 3EMIIIHOIO MO-
JIOTHA.

OnpeneneHye HeoOXOAUMOMN TOMIHHEI CIOS NEHOILIACTA HYXHO IPO-
BOOUTb /I KOHCTPYKUHUH NOPOXKHOM OIEXKIbl, YIOBNETBOPAKOLIEH TPEOO-
BaHHUAM IO NMPOYHOCTH ¥ APEHHPOBAHUIO. TONUMHY NEHONIACTA YCTAHAB-
JUBAIOT C YYETOM CpPOKa CIIYXKOBI JOPOKHOM OAEXKIbI MEXIY KAlIUTAJIbHEI-
MH PEMOHTaMH, THNA YBJIAXXHEHHS paboyero clos 3eMJITHOro nojIoTHa [1],
rnyOHHb] 3aneraHus NOA3eMHBIX BOJ OT HM3a JOPOXHOM OOEXKAbl U IPYH-
TOB. I1pH 3aj1eranum rpyHToOB Pa3HbIX THIIOB B npeAenax riayOuHb! NpoMep-
3aHHUA HYXKHO BKJIXOYATh B pacyeT IOKa3aTe/IM I'PYHTa ¢ HauOoapUIEH CTe-
IIEHBIO IIYYHHHCTOCTH.

Tennmon3onupyromui cyio# U3 neHoruiacra Styrofoam Hy)XHO pacrnona-
ratb Ha rayouHe He meHee 0,5 M OT NOBEPXHOCTH MOKPBITHA IS TOTO,
yTOoOBl yacToTa 00pa30BaAHHUA I'OJIONEAULIBI HA IMOKPHLITHH HE MpeBbIIIaIA
10 % no cpaBHEHHUIO € yYACTKOM, UMEIOLIMM TPAAMLIMOHHYIO KOHCTPYKIIHIO
OOPOKHOMN onexanl [3].

3.2. KOHCTpYKUMHU NP HOBOM CTpOoUTENbLCTBE

[Ipn npoekTHpOBaHHUH MOXHO MCHOJBL30BATH 6 OCHOBHBIX THIIOB pe-
LIEHUH OOPOXKHOH KOHCTPYKIHH C TEIUIOMU3OJNHPVYIOLUHM CIIOEM U3 IEHO-
ruacta Styrofoam. HyxHoe peunieHue BRIOMpAIOT B 3aBUCHMOCTH OT KOH-
CTPYKLIHH JOPOXHOM OACXKObl, 3aNPOEKTHPOBAHHON 10 YCIOBUAM obecne-
YeHUS MPOYHOCTH U APEHUPOBAHHUA, U CTOMMOCTH KOHCTPYKLIHU (pHC. 8).

[Ipy oTTaMBaHMH NYYHHUCTHIX 'PYHTOB IIPOUCXOOUT HX OCaJxa C OT-
XKATHEM BOJBI. JTa BOAA HOJDKHA OTBOAMTRCH M3-NOA JOPOXKHOM OHEXKABI.
IToaToMy B KOHCTpYkUMHM THNA Cy HYXKXHO IIPHMEHATH TUIMTHI IIEHOMNNACTa,
HMEIoLIWE NpAMyI0 GOopMYy KPOMKH I TOro, 4yToObl Boga MOrja rnocry-
natTh B APCHUPYIOWIHHA CIIOH Yepe3 eI MEKAY IIMTaMH. B XOHCTpYKUHH
TUMAa B NPUMEHSAIOT IUIUTHI MEHOIIacTa, UMEIOILME Na3-BLICTYNl WIH CTy-
neH4YaTyro gopMy KpoMKH. B 3TOM ciiyyae TEIUIOM3OJIHUPYIOLIHHA CIOH M3
NEHOINACTA BLINOJHSAET MOJHOCTHIO MK YaCTHYHO PYHKLMIO FHIPOU30JIN-
pylouiero ciosi. B 3aBUCHMOCTH OT MCTOYHHKA MOCTYIUIEHUA BOMABI U YCJIO-
BHH €€ OTBOAA U3 JOPOXKHOK OJCKIBI MPUMEHSIOT IVIMTEI C COOTBETCTBYIO-
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e GopMOoii KPOMKH IS OCTAIbHBIX KOHCTPYKUHH, NPEACTaBJIEHHBIX HA
puc. 8. To/lllHHA JPEHUPYIOLLEro CJI0S 3aBUCHT OT KO3 duLMeHTa QUIILT-
pauuu necka. Ilpu 3 M/cyT 1 6os1ee MUHUMaNIbHAsA TOJIIHHA APEHUPYIOLLE-
ro ciuos B KOHCTpykiuuu tuna C, cocrasisier 20 cM, npH xo3dgduuuenTe

¢uabTpaunu MeHee 3 M/cyt — 25 cMm.
Ha puc. 9 noka3aH mornepedyHslid Npoguyib JOPOXHOH KOHCTPYKLIHH
tuna C; (pa3Mmepsl maHsl B MeTpax). [axkasd KOHCTPYKLUMS MOCTPOEHA Ha

nopore OmMmck—HoBocubupck [4].
TeruioM30IMpyIOLIM C/IOHM W3 IMEHOIUIacTa IOJ/DKEH ObIThb 1uMpe

npoe3xeid yacth Ha 0,5—1,5 M 11 H30JIALUMH IPYHTOB ITOIX OOPOXXHOH

fun A; TU”AZ

=>20cm Z250cm

>25-35¢cm 250¢cm

=50cHm
250¢cH

=>250¢cH

Puc. 8. OCHOBHBIE THNBI KOHCTPYKLUMIA JOPOXHOH OXEXAbI C TCIUIOH3OJMPYIOLUHM CIIOEM

u3 nexornacra Styrofoam, npHMeHAeMbl¢ MTPH HOBOM CTPOHTE/ILCTBE:
] — NOKPpBITHE H OCHOBAHHE NOPOXKHON OACKIBI; 2 — CJIOA OCHOBAHHA M3 LUEMCHTOOETOHA; 3 — neHo-

rnact Styrofoam; 4 — apeHHpyOlHA CJTON M3 mecka; 5 — NPOTHBO3aHIHBAIOWAA NpOC/oika H3 reo-
TEXCTHNA; 6 — APEHUPYIOILAsA MPOCHoHKa W3 TEOTCKCTHIA, 7 — BbipaBHHBAIOWKHA cION H3 necka
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Puc. 9. IMonepeunniit npodpuns gopoxHOH KOHCTPYKUHH THNA C:
] — 3aceB Tpas N0 CNOK0 PacCTHTEILHOCTH rpyHTa TomMuUKHHOA 0,15 M; 2 — weberouHbIA MaTepHan

(0,1 M) ¢ paznnBom Gutyma (1,5 a/m %); 3 — uemenroGeron (0,24 M); 4 — wiebens, yKperienisid 6 %
uementa (0,21); 5 — necox (0,20 m); 6 — nexomnacr Styrofoam (0,10 m); 7 — reorexcTHh "ITOPHHUT";
8 — rpyHT (rnuHa nerxas nbUieBaTas)

ONEXKIOH OT HEHCTBUA XOJI0da ¢Oo CTOpOHblI 000uYMH. B cnydae Hepmo-
NYLUEHHUA MPOMEP3aHHA I'PYHTOB MOJ HOPOKHOH OAeXKOAOH 3TO 3HAYCHHE
cocraBiger 1,0—2,0 M.

OcobeHHOoCcTH npou3BoACTBA paboOT 3aKIIOYAIOTCA B CIEAYIOLIEM.
IInuTe! neHonnacra ykjaaablBalOT HA NMECOK WM reorekcTwib. Ilpensapu-
TEJILHO NECOK YIUTOTHSIOT M BbIPABHUBAIOT, TAK XK€ KaK M I'PYHT 3€MJIAHOTO
NOJIOTHA NOJ reoTeKcTuieM. I1muTel JOJIKHEI OMHPATHLCA MO BCEH MOAAN
Ha NMEeCOK HIM reoTeKCTHib. [lIa yaepKaHMA KaXIOH IUIMTBI Ha MeCTe
HCNOIb3YIOT MUHHMYM [Ba AEPEBAHHBIX KOJBILUKA, 3a0MBaeMbIX 3aNOIIH-
110 ¢ MOBEPXHOCTHIO TEIUIOU3OIMpyLIero cjod. Pabora crpouTensHoro
000pyAOBaHUA HEMOCPEACTBEHHO MO TEIUIOU3OIHPYIOLLEMY CIIOI0 U3 NEHO-
IU1acTa He aonyckaercia. B xoncrpykuusx tvna B u C neppslii Hag nivra-
MU Styrofoam cnoii rmecka HyXXHO OTChINATh Ha TOJIIMUHY He MeHee 0,2—
0,25 M B TUTOTHOM Tene cnocoOoM "ot ceba”. Tomuuua cnos necka 3aBUCHT
OT THUIMNA YIUIOTHAIOLMX cpedcTB. [locne yrulIOTHEHHA 3TOro ciIos Iecka
MOXXHO NPHAECPXHBAThCA OOBIYHONH CTPOUTENIbHOH NMPAKTUKH.

B kKoHCTpykKUMsAX THNAa A UEMEHTOOETOH MOXHO YKJIAaAblBATh HEMO-
CPeACTBEHHO Ha IUIMTHI NEeHoIulacra Styrofoam.

3.3. Koﬁcrpyxuuu NPN peMOHTE U PEKOHCTPYKUMM

PeMOHT (peKOHCTPYKLHIO) NYYHHUCTOIO YYacTKa JOPOrH HYXHO Ipo-
BOOHTh TaKHM 00pa3oM, YTOOBI IOC/IE 3aBEPIIEHHA CTPOUTENBHBIX paboT
BBINOJIHAJIMCE Clieayrolue TpeOOBaHuA:

Ny4YeHHE I'PYHTA B MECTAX COIMPAXKEHUA CO "3OOPOBBIM" Y4aCTKOM
JOpPOrd OOJDKHO ObITh pPaBHO 3HAYEHMIO NMy4YEHHA HAa 3TOM "3NOPOBOM"
Y4YacTKe,;
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Ny4eHHUEe IPyHTa B CpedHEH 4acTH peMOHTHPYEMOro (PEeKOHCTpYHpYe-
MOI0) y4aCTKa JOPOrH HE JOJDKHO NPEeBhIIATh JOMYCTUMOro 3HaYEHHA A
IIPUHATOrO THI1A NMOKPHITHUS;

HHTCHCUBHOCTh U3MEHEHHA NYy4YEHUA IPYHTA IO JINHE pEMOHTHPYEMO-
ro (PEKOHCTPYHPYEMOIr0) y4acTKa JOPOrH He JO0JDKHA NMpeBbIAThL JOMYyC-
THMOI'O 3HAYCHMA.

[Ipu BBINOIHEHHUH ITHX TpeOOBaAHHH MOBLIIACTCA NOJTOBEYHOCTH J0-
POXHOM ONEXObl ¥ NPEAOTBpaLlaeTCH MOABICHHE TPEIMH B NOKPLITHH B
MeCTax COMpPSKEHHS CO "3X0POBbIM" YYaCTKOM AOPOrd H3-3a pasjivMyHi B
pa3Mepax NMy4YeHHUs I'PYHTOB.

Ha noaxone x 3q00poBOMYy y4acTKy AOPOTH HYXHO yCTpaHBaTh nepe-
XOAHYIO 30HY ¢ NEpeMEHHOR TOMUMHOW cnos neHomnacra. [Anuua stou
30HbI (B METpax)

Imy = (Lpon — hnon(o)) [ Ims, (1)

rae Lpon — OONYCTHMOE 3HaueHWE NyvyeHMs MPyHTA Ha y4acTKe PEMOHTa (pPEKOR-
CTPYKLIKH) AOPOTH, CM; Anyy(o) — 3HAUEHHE My4EeHHUA FPYHTA Ha "300pOBOM" yyacTKe
IOpPOrH, CM; Ipz — HONYCTHMAasA MHTEHCHUBHOCTh H3MCHCHHA NYyYCHHA I'PYHTa MO
IUTHHE TEPEXOTHON 30HBI, CM/M.

B pacuer cieayer BKIIOYATh ClIeRYIOLUHE 3HA4YEHUA i.,: 0,1 cM/M npH
yCTpOiCTBE LIEMEHTOOETOHHOro NOoKpeITHA, 0,2 CM/M IIPH YCTPOHCTBE ac-
¢$anbTOOETOHHOrO NOKPBITHA.

Ha yyactke ¢ nyudHaMu IpyHT pa3yIuIOTHEH H TiepeyBnaXxHeH. PeMOHT
(PEKOHCTPYKUHIO) 3TOr0 y4yacTKa Ha4YHHAIOT ¢ BOCCTAHOBJIEHUS HECYLLEH
CIIOCOOHOCTH 3€MJIAHOI'O IOJIOTHA. JTO OCYLIECTBIAIOT ABYMA CIOCODaMH.
IlepBhiit cr1ocod — 3TO yaaneHue nepeyBnaXHEHHOIO H pa3yrJIOTHEHHOI O
TPYHTa 4 3aMeHa €ro APYruM IPYHTOM ¢ NOCHEAYIOMINM YIUIOTHEHHEM AO
HOPMATHUBHOH NIIOTHOCTH. BTOpOK cr1ocob npedycMaTpHBAET YKIAOKY NOA
JOPOXHOM OIEKAOH apMUPYIOLUEHA NPOCIOMKH M3 IFeoTeKCTHIA. B 3TOM
cllyyae He TpeOyeTcs yJalleHHE rPyHTA, a HYXXHO €ro YILULIOTHEHHE C MOBEPX-
HOCTH 10 MAKCHMMANBLHOI'0 3HAYCHHUA, COOTBETCTBYIOIIETO €ro BIaXHOCTH.
[Ipn npuMeHeHHH nepBOro crnocoba noBbllIEHHA HECYLeHd CIIOCOOHOCTH
3EMIIAHOI'O II0JIOTHA MOXHO YyCTpaWBaTh Ha NYYHMHHCTOM YYacTKe KOH-
CTPYKLHH JOPOXHOM OJexXIbl, NoKa3aHHble Ha pHC. 8. [IpH NpUMEHEHHH
BTOPOro ¢nocodba MOXHO NPUMEHATH T¢ KE KOHCTPYKUHH, HO ¢ TONONHHU-
TEJIbHBIM YCTPOHCTBOM IOA HUMH apMHUPYIOLLEH NTPOCIOHKH H3 F€OTEKCTH-
na tuna "Typar” mapku 3857.
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3.4. PacyeT TONuWHWHbLI CIIOA neHonnacra

His pacyera HeoOXOOMMBI CIEAyIOLINE UCXOAHBIE JaHHbIe: reorpadu-
YEeCKOE MECTOMONIOKECHNE PACCMAaTPUBAEMOr0 y4acTKa JOPOrH;, KOHCTPYK-
LU JOPOXKHOM onexabl (HAaUMEeHOBAHUE H TOJIIHHA CloeB) 6€3 TernIou3o-
JIUPYIOLIEro C¢iIod, HeoOxoauMas 1Mo YCIOBHUSAM NPOYHOCTH U APEHHUpPOBA-
HHA; THUII YBJIaXHEHUA paboyero Cinos 3eMIITHOIo noaotHa (1, 2 wiu 3) u
rJIyOHHA 3ajieraHus Noa3eMHBIX BOA OT HH3a MOPOXHOM OJEeXIbl; HAUME-
HOBAaHHE IPYHTA 3EMJISHOTO NMONOTHA.

Pacuer TomuMHbl Terutousonupympoulero cios (h,), cM, NpPOBOAST B
CJIICAYIOLLIEM MOPAIKE.

1. Onpenensior no xapre (puc. 10) HOMep H30OMHHHH, KOTOpas IPOXO-
IMT 4Yepe3 paccMaTpHUBaeMblii y4acTok Aopori. [IpH pacnonoxeHun y4acT-
Ka MEXIy H30JIHHUSMU ONMpeAessaioT HOMEpa ITHX JBYX HU30JIHHHH.

2. BBIYHCIIAIOT TepMHYeCKOoe CONMPOTHBIICHHE OOPOXHOM omexanl Oe3
TEIUIOH30IHpYIoLero cios, M2 K/BT

[ = noy

Ron(o) = 2 hon(:)/ Mon(i) (2)
f=]

IIAE Nog — YHCJIO KOHCTPYKTHBHBIX CIIOEB JOPOXHOH OHEXIp! 6€3 TEerToH30NMUpy-
I0MEro cnof; hox() — TONIMHA OTAEABLHOrO CNIOA, M; Agn() — KOIQPHUHEHT
TEIUIONPOBOAHOCTH OTHENbHBIX CJIOEB B MEP3JIOM COCTOAHHH,

B pacyer ciaeayer Bkmoyark (akTHYeCcKHE 3aMEpEHHBIE 3HAYEHHUS
Mon(i)- 11pH OTCYTCTBMH TaKMX AaHHBIX IOMYCKAeTCA BKIIOYATh B pacyer

TaOJIM4HbIE 3HAYEHHS Ayqy [2]. JI9 HEKOTOPBIX MaTepUasioB A,y ;) UMEET

crenytowue 3Hayenus: 1,74 Br/(M-K) g nementoberona, 1,40 mng naor-
HOro acgaineroberoHna, 1,25 mia nopucroro acdaneroberona, 1,86 m
mebHs w3 rpaHura, 1,39 mug webHa U3 M3BeCcTHsKA, 2,10 mid rpaBHifHO-
necyaHon cMecH, 2,00 mia necka.

3. OnpenensaoT 3HayeHHE IOKa3aTeNsd MYyUHMHUCTOTO IPyHTa Cpyy
(Tabn. 2). K cpenHeny4yHHHCTBIM FPYHTAM OTHOCATCA Cyrnech necyaHUcTasd,
CYTJIMHOK JIETKHY NeCYaHHUCTBIN, CYIJIMHOK TSKEJIbIH NMEeCYaHUCTRIH, [TIHHA.
K CHIbHONYYHHUCTBIM FPYHTAM OTHOCATCA IMECOK MBLNEBATHIA, CYNECH I1BI-
JeBaTas, CYIJIMHOK TAXeNbId mnbUIeBaThId. K 4pe3iMepHO NYYHHHUCTHIM
FPYHTaM OTHOCATCH CyIech MbuleBaTaf ¢ COAepKaHUEM NECYAHBIX YaCTHIL
meHee 20 % Macchl, CYTTIHHOK JIETKHU NbLIEBATHIH.

[Tpu HamUyuU rpyHTOB 0COOBIX Pa3HOBHIHOCTEH H NpPH HEOOX0AMMOC-
TH 00Jice TOYHOTO onpelesIeHHs MoKa3aTens NyYUHHUCTOCTH ClieayeT orpe-
AENATb CTeneHb nyuydHUcTocTH rpyHTa no 'OCT 28622-90.
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4. OnpenenqiorT 3HayeHHe xo3pduuuenra C, yYHTBIBAIOWIETO BIMSAHHUE
JaBJIEHHS OT Beca JOPOXKHOM OJEXKIbl U MEP3IBIX CII0€B 3EMJITHOI'O MOJIOT-
Ha Ha 3Ha4yeHHE NYYEHHs I'PYHTA. ITOT KOIGPHIHEHT YCTaHABJIMBAIOT 1O
TabsI. 3 B 3aBUCHMOCTH OT TOJILIMHBI JOPOKHOHK OTEXIBI Ay, K JTONYCTH-
MOH ITyOMHBI NPOMEP3aHHUs 3EMISHOIO MONOTHA Apy(non)-

[IpH TomuuHe JOPOXHOM Oxex bl MeHbIEe HIH OONbIIE YKa3aHHBIX B
TabJ1. 3 cnexyeT NpUHUMATh 3HAYECHHE C, N0 HHTEPNOIALHH COOTBETCTBY-
IOLUIHX BEIHYHH.

IlepsonayasbHO HYyXHO npHHHMaTh 3HaveHHe (., COOTBETCT-
BylOIlle€ JOMYCTHMOH riyOMHe npoMep3aHHs 3€MIAHOro HOjJOTHa OT 0

xo 50 (100) cwm.
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Puc. 10. Kapra ¢ 3onuHuamMu s onpeaenenus TpebyeMbuiX 3HAYEHHH TEPMHUYECKOTO CO-

NPOTHBIICHHUA JOPOXHON OAeKIbI:
I— X — HoMepa n30nMHuiK;, | — rpadula CIUIOLUHOro pacnpocTPaHEHHs BeYHOMEP3IbIX PYHTOB;
2 — TO X¢ OCTPOBHOTO (ryOHHOR Ko 25 M); J —— CCBEpHBI NMONAPHBIA KPYT
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5. Onpenensior no tabn. 4 3HayeHHs ko3pduuMeHTOB K|, yUHTBHIBA-

IOIErO CPOK CIYXKObI XOPOXHOH O#eXHbl, H Kyz;, YYHTHIBAIOUIETO THII
YBJIA)KHEHHs paboyero cios 3eMJITHOIO nonoma

3HayeHHe kodppuumenTa Kypy HYXHO YMEHBIIAT Ha 5 % NpH pacno-
JIOXKCHHH TOPOTH B 10XKHOHU Noa3oHe I mopokHO-KIMMaTHYECKOH 30HbI, Ha
10 Yo — npu pacnonoxxenuun poporu B Il 10poXHO-KIMMATHYECKOMH 30HE

H Ha 15 % — npu pacnonoxenun gqoporu B IV 10poXkHO-KIMMATHYECKO
30HE [1].
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Puc. 11. HoMorpammel mna onpenmenenus TpeGyeMoro TEPMHYECKOrO COMPOTHBIEHHS

HOT 6
I— X — Homepa u3lomuHud Ha kapte (cM. prc. 10); / — xpusas pacyera ang 1-ro # 2-ro THNOB
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3HAYCHHA BbIPaXeHUS Lo, / (Chyy

6. YcraHaBnuBaroT 1o Homorpamme (cMm. puc. 11) Tpebyemoe Tepmu-
4YeCKO€ COMPOTHBIICHHE JOPOXKHOH OACKIbI Rox:(m)- J1719 3TOTO BBIMIOJHAIOT
CIIEoYIOLIHE ONepalHHu:

BBIYUCIIAIOT 3HaYCHUE BHIPAXEHUA Lyon/(Cryy Cp);

ONpENENAIOT MO HOMOIpaMMe 3HAaYe€HHMEe Aypnon) B 3aBHCHMOCTH OT

Cp), THNA YBI2XHEHHA paboyero cios

3¢MJISHOrO I10JIOTHA H IUIyOMHBI 3a11eramm [MOA3EMHBIX Box (H,, M) oT
HHU3a JOPOXKHOH OHCKIbI;
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Tabnuuya 2

I el —

il S, S il

3nauctua noxazareas Cnyd A/ rPYHTOR!

o —

CpeMHeNnyYHHHCTRIX

CHILHONMYYHHHCTBIX Ype3IMEPHO MYYHHHUCTBIX
- 1,0 s 20
Tabnuuya 3
3naueHne xoappuuHesTa Cp B 3aBHCUMOCTH OT TONLUHHLI AOPOXKHOM
onteXani ( Aoz, M) H IONYCTUMON TITYOHHBI NPOMEP3AHHS 3IEMISHOTO
nonoTHa {Anp(zon), CM)
erHT l&m[ -~ 0,5 hnn — ',0 hun - 1,5 }Inn = 2,0
hoaion) hoptaon) haptaon) huptaon)
>100 | S {>100
[Tecox nbLIEeBATLIH 0,40 { 0,40 | 0,35
- r——-—————-—h———-——-—-
__ Cynecy necsanncran | 0,70 | 065 | 0,60 0,60 | 0,55 { 0,55 | 0,50 | 0,50 | 0,45
—— i —————h———r'
Cynech neuteBaTas 0,75 | 0,70 1 0,65 | 0651 0,60 | 0,60 | 0,55 | 0,55 0,5
CyrauHok nerxui necya-| 0,80 | 0,75 | 0,70 { 0,70 | 0,65 | 0,65 | 0,60 | 0,60 { 0,55
HHCTBLIH, CYTJIMHOK JIerKKi | '
Nnbi1eBaThIK h
CyriuHok Taxenbli nec4ya- | 0,851 0,80 { 0,75} 0,75 { 0,70 | 0,70 | 0,65 | 0,65 | 0,60
HHCTbIH, CYTJIHHOK TAXe- | | | : '
JIbI MbUTEBATHIN, IIHHA |
Tabnuya 4
— _
H ' 3nayenne xo3ddnuuenTa Kop NpH Cpoxe CIyxObI I BHaE;*:I“:_:;a?ﬂ:i‘:m“T:ﬂKm
uao?:::zu AOPOXHOH OZIENLL :Hzamﬂxanumuuuu paboyero clnog 3eMIKHOTO
Ha KapTe ' pem nonoTHA
(cM. pHc. 10) [ - S 1 TR 2 u3THn
| menee 10 ner 10 ner 0mer | s | yeraacnns
I 0,85 1,0 1 0,85 1,0
11 0,70 0,85 1,0 | 0,65 1,0
11 | 0,80 0,90 10 | 055 1,0
v | 0,80 0,90 1,0 | 0,45 | 1,0
Y 0,80 0,90 1,0 , 0,40 1,0
Vi 0,80 0,90 1,0 0,35 1,0
VII 0,80 0,90 1,0 0,30 1,0
Vill 0,80 0,90 1,0 0,30 1,0
IX | 0,80 0,90 1,0 0,25 1,0
X 0,80 0,90 1,0 0,25 1,0
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YTOYHSIOT 110 Tabin. 3 3nauenne C, B 3aBUCUMOCTH OT App(non);
BHOBb BBIYHCJIAIOT 3HAYCHHE BblpaJKBHHH Lpon/(Cayq Cp);

YCTaHaBIMBAIOT 110 HOMOIpaMMe 3HaY€HHE BBIPAXKEHHA R,p(rp)/(KoyX

Kygpn) B 3aBHCUMOCTH OT L;on/(Cyyy Cp), THNA YBIAXHEHHA pabouero
cnoa 3eMJIAHOTO TMOJIOTHA M TIIYOMHBI 3aJleraHuA MOM3EMHbIX BOX () OT

HHU33 JNOPOXHOM Onexabl U HOMepa H30JIMHUM Ha Kapre (cM. puc. 10),
KOTOpas NMpOXOOUT 4€pe3 pacCMaTPHBAEMbIH Y4acTOK JOPOTH;
BBOILHT B BBLIPAXEHHE R/ (Kop Kypy) 3HaUCHHA KOIPPUIHEHTOB Kop
n M BBIYHCIIIOT HCKOMYIO BENIHYMHY Rgner);
hpn r’TyOMHEe 3aneraHusg NOoA3eMHBIX BOJ HA Y4acCTKe JOPOTH, OTJIMYa-
IOLIEHCH OT YKa3aHHBIX Ha HOMOIpaMMe, HY)XXHO ONpEAeNnaTh ABa 3HAYCHUA
Rop(tp): OMHO — NPH 3HAYCHWM [, HAa HOMOrpamme bonee, a npyroe —
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Puc. 12. I'padux mna onpenenenns HeoOXoaHMo# TOJIUMHBI cIog nmeHomacTa Styrofoam:
R oagrp) — TpebyemMoe TEPMHYECKOE CONPOTHBICHHE ROPOXKHOM OAEXKIb; R oa(0) ~~ TEPMHYECKOE CONPO-

THBIICHHC JOPOXHOH onexinl Oe3 c/10a neHomnnacra
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MpH 3HaYeHUH H, Ha HOMOTrpaMMe MeHee IyOHHbI 3aNeraHus MOA3EMHbIX

Box Ha ydactke. HMckomoe 3HaveHHe Rgy;p) YCTAHABIMBAIOT METOIOM
UHTEPNONALMHA MEXAY COOTBETCTBYIOLIMMH BEIMYMHAMM.

1. Ycradasnusalot no rpaduxy (puc. 12) Heo0XoaUMYIO TOMIIKHY CII04
NMEHONJIACTa Ay, B 3aBUCUMOCTH OT Rypo) ¥ Ropry)-

[Ipu pacnonoxeHHH paccCMAaTPHBAEMOroO ydyacTKa JOPOrv MeEXay M30-
JIMHUSAMH Ha KapTe (cM. puc. 10) onpenensoT ABa 3Ha4YeHUd A, COOTBET-
CTBYIOIUMX 3THM H30JIMHHUAM, HCKOMYIO TOJIUMHY TEIUIOM30JUPYIOLLEro
CJIOA ONPEHENAIOT METOLOM HHTEPNOJALMHA B 3aBUCHMOCTH OT PacCTOSHHUA
OT pacCMaTPHUBAEMOrO y4acTka 40 OOHOH H3 H30JHHUH.

3.5. PacyeT BefIMYMHbLI NYYEHUA FPYHTA

s onpenenenud rno GopMm. 1 JUIMHEL NepexXOoaHOHR 30HBI ¢ TEPEMEHHOH
TOJLHHOM CJTOA MEHOIIACTa HY)KHO 3HATD BEIHUKHY /tpyy(o) Ty4€HHA MPYH-
Ta Ha "3J0pOBOM" yyacTke JOpOrd. 3HayeHue 3TOH BEHYHHbB] yCTaHABIIU-
BAIOT 110 HoOMorpamme (cM. puc. 11).

[Io cpaBHeHHIO ¢ H3JI0XEeHHBIM B II. 3.4 pewaerca oOpaTHas 3anayva.
HickoMbiM 3HayeHueM aBIseTC Lpon = Agyy(o) MPH MU3BECTHOM 3HAYCHHH
Ron(rp)» PABHOM TE€PMHYECKOMY CONPOTHBIICHHUIO AOPOXKHOH OACKABI Ha
"310pOBOM" y4acTke JOPOTH.

4. KOHCTPYKLUUU B PAMOHAX
C BEYHOMEP3/bIMU NrPYHTAMW

4.1. MpyUHUMNbI NPOEKTUPOBaHUA

B palioHax ¢ BeyHOMep3IbIMH I'PYHTAMHU YCTPAHUBAIOT JOPOTrH € TEILUIO-
M3O0UPYIOLMMH CIOSAMH M3 MEHOIIacTa i TOro, 4yroOnl obecneuuTs
NPOYHOCTh U YCTOHUYUBOCTD 3€MIISHOrO MOJOTHA. DTO AOCTUraercs baaro-
Iaps COXpPAHEHHIO I'PYHTOB €CTECTBEHHOIO OCHOBAHHUA B TBEPIOMEP3NIOM
cOCTOAHUM (1-H Ki1acc KOHCTPYKIMI), @ TAKXE 3TOMY Xe MEPOTIPHATHIO B
COUYETaHHUU C COXpaHEHHEM I'PYHTOB HACBIH B TBEPAOMEP3NIOM COCTOAHHH
(2-%1 Kyacc KOHCTPYKUMH).

OnHuM U3 ycnoBui obecneyeHna TaKOro COCTOAHHA IPYHTOB ABJIAETCA
WCTPOUCTBO 3eMJIAHOI'O MOJIOTHA 3HMOH, KOrla OCHOBaHHE HAaChIIH MPO-
Mep3aeT Ha rnyouny 6omnee 30 cM. ApyruM yCIOBHEM SABJIAETCHS YCTPOHCTBO
TEIUTOU3OJIUPYIOIHEro CJIOA M3 MEHOIUIACTA, KOTOPhIX MpeaoXxpaHder rpyH-
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Thl OT OTTAaUBAHHUA B TeHYeHHE BCEro cpoxa cayXonl nopord. OObIYHO 3TOT
cpok paBeH 30 rogam.

s coxXxpaHeHHst TPYHTOB B TBEPAOMEP3NIOM COCTOSIHHH B TE4YE€HHUE
YKa3aHHOI0 CpOKa HY)XHO NPHHHMMATh B Ka4eCTB¢ PaCYETHOIO roJia Hau-
Oonee Terublil rox nopropaeMoctsio 1 pa3 B 30 naer. Jna ycTaHOBACHUA
3TOrO0 rojia HY)XHO ONpeNeJHTh CYMMBI NMONOXHMTENBHBIX I'PAlyCcO-CYTOK,
OTPHLATEIBHBIX IPAAYCO-CYTOK H UX Pe3YJIbTUPYIOLLEE 3HAUECHHE 1A KaX-
aoro roga 3a cpok He MeHee 30 ner. Ilo 3TUM JAHHBIM yCTaHaBIHMBAIOT
HCKOMBIH HauboJjiee Teriblid Tox.

ToniunHy cios neHomnacra, HEOOXOOUMYIO JjI1 COXPAHEHHUS I'PYHTOB
B TBEPAOMEPIIIOM COCTOSHHHU, ONMPEACIIAIOT TEIUIOTEXHHYECKUM PACYETOM,
B KOTOPBIH BKJIOYAKOT CpeaHeMecAYHbIEe 3HaYEeHHA TEeMIepaTyp BO3MyXa,
KOTOpbIE HMEJIH MeCTO B Haubosiee TEIUIOM rofly, a TakKxe Uid CpeaHEMHO-
rojsietHero roza. Pacuernl npoBoaaTr B 2 3tana. BHayane ycraHaBIUBAIOT
3HAYCHUSA TeMIIepaTyp B JOPOXHOH KOHCTPYKLUHH I CpeAHEMHOI OJICTHE-
Io roga. 3aTeM ONpeaeasaioT 3Ha4eHUs TEMIIEPATYP 1A HauOonee TEIJIoro
roaga nosropsaeMoctbio 1 pas B 30 ner. B aTOM ciyyae B kayecTBe Ha4allb-
HBIX TEMIEpPATYP B JAOPOXHOH KOHCTPYKLHH NPHHHUMAIOT JaHHbIE, MOJIY-
YeHHbie I CpeaHeMHorojieTHero roxa. IlpH pacuere Temneparyphb! B
KOHCTPYKLUMH HYXHO VYHTBIBATh JaHHbIE O TEMNEPATYpPE I'PYHTA €CTECT-
BEHHOr0 OCHOBaHHA Ha riaybnHe He MeHee 10 M OT IMOBEPXHOCTH 3e€MIIH.
I71s onpeneeHUd TeMepaTypsl MOBEPXHOCTH NOKPBITHA MPOE3Xel YacTH
H 000YHH, NOBEPXHOCTH OTKOCOB H IOJIOChl OTBOJA B PacCyeT BKIIOYAIKOT
JaHHbIE O COJIHEYHOM paayalHHy, CKOPOCTH BETPA H CE30HHBIX H3IMEHEHHUAX
BBLICOTHI U IUIOTHOCTH CHEXHOI'O ITIOKPOBaA.

4.2. Tunbl KOHCTPYKUHUNA

IIpoexTHpoBaHHe JOpOrH NpoOBOJAT ¢ YYETOM MNPEIACTABICHHBIX Ha
puc. 13 OCHOBHBIX THIOB NOPOXHBIX KOHCTPYKUHMH. BrIOOp XOHCTpYKLIMH
NNPOBOAAT B 3aBMCHMMOCTH OT BbICOTBHI HAChilM U YCJIOBHH YIUIOTHECHUA
rpyHTa. TpeTuii THN KOHCTPYKLMH NPHMEHSAIOT MPH BHICOTE HAChINU (IO
OCH NpoEe3xeH YacTH), PaBHON TOJIUHHE NOPOXHOH omexnabl. IIpu 00b-
lieil BHICOTE HAcChIIM, HO He Oojee 2 M, NPUMEHAIOT 1-H M 2-H THOBI
KOHCTpykuuii. Ha yyacTkax mgopor, NpoxoAsliMX B HYJIEBBIX OTMETKAX,
NPHUMEHSIOT 4-i THIT KOHCTPYKLIHH.

KoncTpykuuio 1-ro THma ciaeayeT NPpUMEHATD IIPH YIUIOTHEHHUH TecKa,
U3 KOTOPOro YCTPAHBAKT HaCkllb, 10 3HaYEHHUA, HE MeHee 0,95 oT MakcH-
MasibHOH TIoTHOCTH no T'OCT 22733—90. B KOHCTPYKUHMH 2-ro THNA
IUTOTHOCTH JlecKa HE€ HOPMHpYETCd, TAK Kak I3TOT TPYHT HaxXOIHUTCAd B
TBEPAOMEP3/I0M COCTOSIHMH B Te4EHHE BCEro NMepHoJa 3KCIUIyaTauuHu Jopo-
rd. Ero nioTHOCTs B HAachINH AOJDKHA OBITH paBHA MaKCHUMAaJIbHOM MIIOT-
HOCTH, KOTOPYIO MOXHO MOCTHTHYTb IIPH YIJIOTHEHHH IIeCKa B 3UMHHH
NEPHOL.
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Puc. 13. KOHCTPYKLHH JOPOKHOR OJIeXKIObl H 3EMJIAHOTO NMOJIOTHA ¢ TEMIOH3IOIHMPYIOWHMH

cnoaMiU M3 nedHorutacra Styrofoam mapku Floormate 500:
] — nenomnnact TomuuHeol 8 cM; 2 — neHonnacT ToauMHON 6 cM; 3 — nuinepaThifl necox; 4 — Me-

xuft mecok; 5 — neckoueMeHTHas cMech; 6 — Xene300eTOHHad TUIHTa, 7 — reoTeKCTWIb; & — MNeHo-
nmnact Tomumuofl 14 oM, 9 — neronnact Tomuuuo# 13 cM; /O — TpyObuaTas mpeHa

Ha puc. 13 npuBenens! pasMepsl JOPOKHOH KOHCTPYKLUH Ha NOJIyOCT-
poBe SAman [6]. Ha npoe3xed yacTn 3TOHR JOPOrdH npeayCMaTpHBACTCA
YCTPOHCTBO MOKPBLITHS M3 XeJe300eTOHHbIX IUIMT TomuuHou 0,14 M Ha
OCHOBaHHUHU U3 neckoueMeHTHOM cMecH (10 % uemenTa) Tomuuno# 0,25 M.
OGounHbI YKPEIUIeHbl TOM Xe MeCKOLUEeMEeHTHOR cMechio. g obecneueHus
YCTOMYHBOCTH OTKOCOB HACBINH NPEAyCMOTPEHD] 3alIIHTHBIE NIPOCIOHKH U3
reOTEKCTHIA ¢ YKJIAOKOM HAa IMOBEPXHOCTH OTKOCOB MOXOPACTHTEIBHOIO
ciod. BeicoTa Haceinu no OpoBke 3€MISHOrO MOJOTHA B KOHCTPYKUMAX
l-ro u 2-ro Tunos cocraeaser 1,5 M. Yka3aHHble Ha puc. 13 3HayeHHUS
YKJIOHOB HacChINH ABJIAIOTCA MAKCHMaJIbHO JOMYCTHMbIMHU. JlemaTh Xpyue
OTKOCHI HENIb3, NOJIOXKE — MOXHO.

IIpy coOpyXKeHHHM 3eMJISHOTO IMOJIOTHA NOATOTOBHMTENbHbIE PabOTHI
(yOopky cHera, pyOKy M yOaJeHUA Jieca U T. I1.) ClIEAyeT NPOBOANTh 3UMOH
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¢ HeOONBIUMM oOrepeKeHHEM OCHOBHBIX 3eMIIAHBIX pabor. Huxuue crnou
HACBIMH CJIEAYET OTCHINATh cnocodboM "ot ceba", a nmociaeayommue — npo-
JONBHBIM CIOCOOOM.

i1 ycTpoHcTBa TEIIOU3OIMPYIOLIETO CJI08 HYXKHO NMPUMEHATH IUIHTHI
CO CTyneH4yaTol dopMort xpoMku. [IpHHUMag BO BHUMaHUE BO3MOXHOCTD
NMOATOIUICHHUA B TEIUILIA nepuoj roga Mep3od YaCTH HAChINHU B KOHCTPYK-
LMK 2-r0 TUMa HeoOxomMmo, yToObl BOJA HE NMOCTynajaa 4epe3 CTbIKH
MEXIY IJAMTAMH B 3TOT I'PYHT. 18 3TOro HyXHO, YTOOBl KPOMKH ILIMT
EHOIIacTa UMenH GopMy nas/BeICTymN. Jlonyckaercd NMPUMEHATb IUIMTHI
IIEHOMIACTa CO CTyNneH4aTol GOpMOt KPOMKH € H30MALMEH CTHIKOB MEXAY
IJIUTAMM.

[TnuTe! meHomnacTa clemyer yKIaAbiBaTh ¢ 0OECTieueHHeM paBHOMED-
HOrO UX ONHPAHHS Ha NOBEPXHOCTb NECYaHOro cnod. Yrobn! He co33aBaTh
CKBO3HBIX HIBOB, IUIMTHI MEHOIIACTa HAAO0 YKJIAAbIBaTh "Bpa3bexxy". Eciu
IUIMTHl YKNAOBIBAIOT B OBA CJIOS, TO HIBBI HHKEJIEXKALLErO CJIOA HYXHO
NepexphiBaTh BhILIEIeXAMMMH IIATAMHU. [11uThl HEOOX0aMMO NpH yKIIad-
K€ NPUKPEIUIATh K OCHOBAHHUIO LITBIPAMH.

B nerHuit nepuox paboTry npoBOIAT B TaKOH NOCIENOBATEIbHOCTH:
OOYIUIOTHAIOT CJIOM MEJIKOrO IecKa, YKIaObiBaoT M YIUIOTHAIOT CIIOH Mec-
KOLIEMEHTHOM CMeCH, YKIaAbIBAIOT XeJ1€300€TOHHbIE TUIHTBI (CM. pHc. 13).
PaboThl, BoINONMHAEMBIE B TEIUILIH I1E€pHOA BpEMEHH, NOKHBI OBITH 3aKOH-
YyeHh! 32 2—3 Mec. ¢ MOMEHTa Iepexoaa CpeIHECYTOUYHOH TeMIepaTyphl

Bo3ayxa depe3 0 °C. B npoTHBHOM Clly4ae MOXET NPOH30MTH OTTauBaHUE
[PYHTOB, KOTOPbBIE AOJDKHBI HAXOOHUTLCA B MEP3JIOM COCTOSIHHH.

4.3. PacuyeT TonuwuHbLI Cnos rneHonnacra

[Tporpamma mns pacyera Ha DBM mnpoieccoB Temno- ¥ MaccooOMeHa
B JOPOXKHOM KOHCTPYKIMHU OOJDKHA YYHTBIBATH CIOXHOE OYEPTAHHUE pac-
yeTHOH oOnacTH, HaJiMuyue B Ipenesiax 3TOH O0NacTH pa3jIMYHBIX BHIOB
I'PYHTOB H MaTepHaJIOB, 3HAYUTEIHLHOE YHCIIO I'PAHHYHEIX YCIIOBHH B IIpe-
IeJiaX pacyeTHoM 001acTH, ¢a3oBbIe NEpexoanl (BIACICHHE H MTOTIOLIEHHE
CKPBITOH TEruIoThl B Mpoliecce MpoMEp3aHHA-OTTAHBAHHS), TEIIOPH3IHNYEC-
KHE CBOHMCTBA FPYHTOB H MaTepHaJOB.

I'pynTOBO-MEP3NOTHBIE YCIOBMA HA Tpacce JNOPOTH NOJDKHBI XapakxTe-
PH30BaThLCA CIEOYIOLIMMH ITOKa3aTE/IAMH: CYMMAapHOH BIaXXHOCTBIO IPYH-
Ta, IULIOTHOCTBIO TAJIOTO H MEp3JIoro IpyHTa, KO3PPHUUHEHTOM TEIUIONPO-
BOJHOCTH H 00BEMHOII TEILTOEMKOCTBIO TAJIOrO M MEP3JIOrO I'PYHTOB, TEM-
neparypoH ingoobpa3oBaHu4.

B pacder BxIO4aro0T Terw1o¢pH3HYECKHE XapaKTEPHCTHKH CII0EB JOPOX-
HOH OJeXIbl, NOJIyYeHHbIE N0 JaHHBIM HAaTYpHBIX H3MEPEHHH Ha CyIlecCT-
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BYIOLIMX JOoporax B paccMaTpuBaeMoM pernoHe. [IpM OTCYTCTBHHM TaKux
IaHHBIX JOMNYyCKaeTCcd BKJIIOYATh B pacyeT TaOJHYHbIE 3HA4YCHUA.

Heo0xoaumyro TONMLIMHY NMEHOIIAcTa ONMpeaeasioT MeToA0M noadopa,
MCXOOA U3 YCIIOBHA COXPaHEHHMS B TBEPAOMEP3JIOM COCTOSIHMM I'DYHTOB B
T€UYEHHE BCEro MnepHoja 3KCIUTyaTallHy JOPOTH.

5. PACYHET TONWUHBLI MOPO303ALLUTHOIO CIOA,
SAMEHAEMOI'O NMEHONNACTOM

TpagMUMOHHBIM PELICHUEM JOPOXKHOH ONEXKIbl B paiiOHaX CE30HHOIo
NMPOMEP3aHHUS I'PYHTOB SABJSAETCA €€ YCTPOMCTBO €¢ MOPO303aIUHUTHBIM
CI0€M. AJBTEPHAaTHBHLIM PEUICHHEM SABIAECTCA YCTPOHCTBO JOPOXHOH
OAEXIbI C TEIUIOW3OJIUPYIOILIMM CJIOeM U3 neHomnacra. g oueHkH 3¢ dex-
TUBHOCTH NMPUMEHEHHUA TAKOH KOHCTPYKLIMH HYXXHO 3HATh TOJILHHY MOPO-
303aLUUTHOrO CJI0H, 3aMEHSAEMOI'0 NEHOIIIACTOM.

CpaBHeHHE KOHCTPYKUHMH ¢ MOPO303aLIUTHBIM H TEIUIOH30JIMPYIOLLIHM
CJIOSIMH BO3MOJXHO ITPHU BBINOJIHEHHUH CIIEAYIOLLMUX YCIIOBHH. DTH KOHCTPYK-
LIHH JOJIKHBI YIIOBIETBOPATh HOPMATHBHEIM TpeOOBaHHUAM NO NPOYHOCTH,
MOPO30YCTONYUBOCTH H JIPEHUPOBAHHUIO, UMETh OJHHAKOBBIC ITOKPBITHE H
OCHOBaHHE. Pa3zHMLIA MEXAY KOHCTPYKUMAMM 3aK/II0OYaeTcd B TOM, 4TO
OJHA U3 HUX HMEET MOPO303aLIUTHBIN CIIOH, a Apyras — TEIUIOM30JINPYIO-
LKA CI0M U3 MEHOIIACTA.

Hcxons u3 3TUX YCIOBUH ONPEAcIAOT TOMUMHY MOPO303aLHTHOIO
C10s1, 3aMCHAEMOr0 MEHOIUIACTOM, B CIICAYIOUIEM MOPSAIKE.

1. 3amatoTca TONUHMHONA MOPO303aLUMTHOIO CIOA (f,.,, M) U C YYETOM
3TOr0 pa3Mepa ONpenesAoT TOMIHHY JOPOXHOK oaex bl (f,,, M) H pac-
CTOsIHHE JI0 YPOBHs MOJ3EMHBIX BOX (H,, M).

2. YcTaHaBiIuBawOT TpeOyeMoOe TEPMHYECKOE COMPOTHUBJIEHHE NOPOXK-
HOW onexuapl. Pacyer npuseleH B 1. 3.4. PasHuua TOJNBKO B 3HAYEHHAX
[OKa3aTens MyYHHHCTOCTH IPYHTa Cpyy, KOTOPBIE HYXHO BbIOMpaTh 1O
Ta0I1. J.

3HayeHus nokasarenst Cpyy 3aBUCAT OT MECTOHAXOXCHHA PacCMaTPH-
BAEMOr'0 Y4acTKa QOPOrH. ITO CBA3AHO C BIMAHHEM IIIYOMHBI H CKOPOCTH
npoMep3aHHUA Ha ny4YyeéHHe rpyHTa. Yem Oonblue CKOpOCTh, TEM MEHbIUE
[IOCTYNAET BOABLI U3 TAJIOro rpyHTa B MEP3JIbIH M TEM MEHbIE NYyYHHHC-

TOCTDb I'PYHTA.
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Homep H301HHHHK Ha xapTe

TaﬁnuuaS

3HadeHHe noxalaTeNf Chyy IR TPYHTOB

(cm. pc. 10)” CPEIHENYTHHHCTBIX CHABHOMYYHHUCTBIX | YPEIMECPHO NMYyYHHHCTHIX

I 1,40 2,10 | 2,80

[1 1,25 1,85 2,50

11 1,10 1,65 2,20

IV 1,00 1,50 | 2,00

Vv 0,90 1,35 1,80

Vi 0,80 1,20 1,60

VII 0,70 1,05 | 1,40
VIII l 0.60 0,90 1,20

IX 0,50 075 = | 1,00

X 0,40 0,60 0,80
S S _I_____—____ e

3. OnpenendioT 3HayeHHe TOMIIHHBI MOPO303aLUTHOIO CJIOA, M, 3aMe-
HAEMOIr'0 NEeHOIIaCTOM:

hva = (Ron(rp) — Ron(o)) A3 (3)

roe Rgn('rp) TpedyeMoe  TepMHUYECKOe  COMPOTHBIIEHHE JOPOXKHOH OHEXK-
i, M“-K/BT; Rop(0) — TepMHueckoe conpomnneﬂue IOPOXKHOH opexnasl 6e3 Mopo-

303aLHTHOrO MJIH TEIUION3OJIMPYIOLLErO CJIoA, M2EK/BT; Az — KO3QPULIHEHT Terl-

JIONPOBOAHOCTH MOPO303aLKTHOrO CJIOA, paBHbIH CpeaHeapuGMETHUECKOMY 3HaYe-
HHIO KO3 QHILHEHTOB TEIUIONPOBOIHOCTH MaTepHasla CI0f B TAallOM M Mep3JIoM
cocTtostHuy, Br/(M-K).

4, CpaBHHBAIOT 3HauyeHHE h,,,, NoaydeHHOE MO ¢OpM. 3, ¢ 3aHaHHOM
BEJIMUMHOMN h,,,. IIpu pasHuue Mexay HUMH He Dosee 5 CM pacyer 3aKOH-
yeH. B NpOTHBHOM Cily4yae HY>XHO 3aJaThbCA HOBBIM 3HaY€HHEM A, ¥ NO-
BTOPUTH pacyer.

3]
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ITPHIIO)KEHHE 1

TEXHUYECKAA XAPAKTEPHUCTUKA NEHOMNACTA

g ycTpoiicTBa TennoH30MHPYIOWHX CJIOEB HA JOpOrax NPHUMEHSIOT MEeHO-
rtact Styrofoam mapxu FIOORMATE 500. Januble 0 ¢H3MKO-MeXaHHYECKHX
CBOHMCTBAX 3TOH MapKH MeHOIUIacTa NpelcTaBiIeHsbl B Tabm. 6

JIucr nenonacra uMeer WIMHY 1250 mM, wupudy 600 MM, Tomuuuy 30, 40,
50, 60, 80, 100 mm. dopMa KpOMKHM — CTymeHYaTas.

IleHomnact He noggaerca BO3ACHCTBHIO KapOOHATAa HATPHA, THIPOOKHCH KaJlb-
UHA, HATpHUA XJIOpHIOA (NOBApEHHAA COJIb), OprdHHYECKHX BEwleCTB (IyMyc, camnpo-
nens), bakTepud NpUpPOAHOro NPOMCXOXIeHHA. [Ipu HanM4yuH B IPYHTE KMCJIOT,
11[eI04eH, OpraHHYECKHX YIOOpEHHH M APYrHX BELIECTB, HE NMEPEYHCIICHHBIX BhILIE,
CJICAYyET OLEHHBATH YCTOHYUBOCTD MEHOIUIACTA B KaXIOM KOHKPETHOM cJiyyae no
COCTaBY MU KOHUEHTpALMH 3THX BELLECTB.

Tabnuua 6
HopMmaTHBHbIA l
HOKYMEHT |
HaumMeRoparHe nokazarenei l:f::::;‘;;';izn‘iﬂ:f ufﬁgg::?:u Hg;!::::‘{;:ﬂ
noxalzaTclig
[1n10oTHOCTH HCXOMHASR DIN 53420 xr/m® . 38/40
'y " !
| TFOCT17177-87 |

TennonposoAHOCTs NpH TEMNEPA- DIN 52612 | Br/(M-K) 0,027/0,025
Type 10 °C TOCT 7076-87

To xe npu Temneparype 20 °C [[OCT 7076-87 Bt/(M-K) 0,028

Boaonornouenue | DIN 53434 | 06,% | 0,20/0,45

OCT 1717787

[lpodHocTe Ha cxatue npu S Yo ne- | T'OCT 1717787 H/MMm 0,51
bopMaLInK

To xe npu 10 % nedopMaymu DIN 53421 H/mm? | 0,50

Ilpenen npoynocTH npu uarube I"OCT 17177-87 H/mm? 0,72

Monayne ynpyrocrr _ DIN 5342] H/mm? 20

KanuwosapHocTs — — 0

OruecrofikocTp — rpynna socruia- FOCT 3002 — Bl — 1pyxa-
MCHREMOCTH HOBOCIUIa-

MEHSEM
Auana3zon paGouux Temneparyp — °C Ot Muuyc 50
a0 mmoc 75
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[levomnacr cnenyer npepoXpaHATb OT BO3AEHCTBUA HEDTAHBLIX NMPOIAYKTOB
(OeH3nH, KEPOCHH U Op.), OpraHHYecKUX pacTBopurese (benson, aueroH u ap.). He
AONYCKAETCA YKIAAKa HEMOCPEeACTBEHHO Ha NMEHOIUIACT 'TOPAYEro necka" ¥ JAPyrux

HaI'perbiX MaTepHanos, 06padoTaHHbIX OpraHH4YeCKHMH BSXYLIHMH MaTEepHalaMH.
[Ipu mmurensHOM XpaHeHHH (6oniee 5 CYT.) MO OTKPBITBIM HEOOM TUIMTEI

NEHOoI1acTa CJIECAYET MNpedOXpPaHATh OT NPAMOro CONHEYHOro Bo3geWcresus. He
JONYCKaeTCA CK1agupoOBaHHe rneHonaacra BOJAU3M OTKPBLITOrO OrHA.
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ITPHITOXEHHE 2

NPUMEPLI PACYHETA

Ilpumep 1. Onpenenuth HEOOXOOUMYIO TOMIHHY TEIUIOHU3OIHPYIOLLETO CIOA U3
NEeHOIUIacTa Ha yyacrke JOpOrd, npoxoasuied B pakoHe r. Mockssl, nnpu Hebnaro-
MPUATHBIX IPYHTOBO-THAPONOrHYECKHX ycioBuax. Ha 3ToM yuacTtke noa3eMHble
BOJBI 3anerarT Ha raybuHe 0,5 M OT NOBEPXHOCTH 3E€MJIH. I DYHT eCTeCTBEHHOrO
OCHOBAHHUS — CYIJIMHOK JIEFKHHl NbUIEBAThIM, KOTOPbIE OTHOCUTCA K YPE3MEPHO
NYYHHUCTBIM IPYHTaM. M3 3TOro Xe rpyHTa BO3BOAUTCA 3eMJIAHOE I10JI0THO. Bel-
cOTa Hachiny 1,65 M.

ITo ycnosuaMm obecrieyeHUS MPOYHOCTH M OPEHHPOBAHHMA HYXXHO YCTPauBaTh
KOHCTPYKUHIO ROPOXHOH onexapl, cocrosuled H3 acGanbToOETOHHOrO MOKPLITHA
tonmuHoi 0,20 M (rwroTHBIR acdansTobeTOH — 0,05 M, nopucrTei acganeTobe-
TOH — 0,15 M); ocHoBauus TomuuHOH 0,30 M U3 H3BECTHAKOBOroO 11eOHI U OpEeHHU-
pylouliero cnos ToauuHoi 0,20 M M3 cpeaHesepHucroro necka. Cpok cnyxObl
JOPOXHOH ofex bl (MeprHol MexIy KanuTalbHbIMU peMoHTaMu) — 10 nter. Jonyc-
THMas BeJIMYHHA NMy4eHHd 4 CM.

Pacyer TonuHbl C104 NeHOIacTa npoBoaar cornacHo mn. 3.4. Ilo KapTe (oM.
puc. 10) HOMep M3ONMHHH, KOTOpas MNPOXOOHT Hepes paccMaTpUBaeMblil yyac-
Tok aoporu — V. Ilo ¢opmyne 2 Rog(o) = 0,46 M™ 2.K/Br. o Tabun. 2 Cnyy = 2,0.
[To Tabn. 3 — Cp = 0,76 ana Cyr/IMHKA JIETKOro MbUleBaToro NpH hox = 0,7 M
H Anp(non) = 0—350 cM. ITo Tabn. 4 Koz = 0,90 u Kyen = 0,95. TTo HoMorpamme (cm.
puc. 11) Anpmon) = 72 cM npu Lpon/(Cnyy Cp) = 2,6 1 Hy = 1,45 M. Ilo Taba. 3
Cp = 0,73 npu hon = 0,7 M # hopuon) = 72 cM. Tlo Homorpamme (cM. puc. 11)
Ron(tp) = 0,81 M%-K/BT npU Lpon/(Cayu Cp) = 2,7, Hy = 145 M, Kox = 0,90,
Kysn = 0,95.

Ilo rpa(lauxy (cM. puc. 12) onp €[IEJLIOT MCKOMYIO TOJUUKHY, CI0% MEHOMIACTa:
hn = 1,8 ¢M nipd Ropo) = 0,46 M“-K/BT H Roperp) = 0,81 M 2. K/BT. Yuutsisag
MHHHMaJIbHBlE pa3Mephl IUIHTBL (CM. NpHiIoxk. 1), MPHHHMAETCA TOMIIIHHA CIIOA
MEHOoIUIacTa 3 cM.

Ilpumep 2. OnpenenuTh TONMUMHY MOPO303aILUKMTHOIO CJI0A M3 NecKa, 3aMeHsie-
MOrO MEeHOIL1ACTOM, JUIA YKa3aHHOH Noporx B paroHe r. Mockssl. Pacyer nposo-

IAT cornacHo mn. 5. HcxoaHsle AaHHbIE T€ Xe€, YTO U paHee. 3aaeMca BEJIHYHHOM
hva = 0,95 M. B 3atom cnyuyae hog = 1,65 M 1 Hy = 0,5 M. ITo Tabn. 3 Cp = 0,64

Nnpu hgn - 1,65 MH hnp(;mn) = 0—100 cm. ITo Tabn. 4 Kon — 0,90 H Kym'[ = 0,95.
[lo Tabn. 5 C nyy = 1,80. Ilo Homorpamme (cM. pucC. 11) Anp(ron) = 62 cM npH
Laon/(Cnys Cp) = 3,5 cv u Hy = 0,5 M. ITo Tabn. 3 Cp = 0,64 npwu hon— 1,65mMu
hop(mon) = 62 cMm. [lo Homorpamme (cM. puc. 11) Rogrp) = 0,92 M~ 2.K/Br npH
Laon/(Cnyy Cp) = 3,5¢cMm, Hy = 0,5 M, Kog =090, Kyan =0,95. Ilo ¢dopm. 3
hwa = 0,92 M. Pacuer 3aKOH4Y€H, TaK KaK pa3sHHLia MEXAY 3aJaHHBLIM H NOJIY4YEHHBIM
3HaYeHUAMH hyy coctapifger 3 cM, yTo MeHee 5 cM. [Tonyuyaem, 4YTO TONLIHHA
MOPO303aLMTHOrO CJIOA, 3aMEeHAEMOro MEHOIUIaCTOM, cocTasier 0,95 Mm.
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INTRODUCTION

The Manual has been worked out in elaboration of the requirements
of SNIP (Construction Norms and Rules) on the construction of heat-in-
sulating layers [1]. The Manual makes it possible to solve quite a number
of problems of road construction on the provision of the road pavement
strength and frost resistance and of the subgrade stability in the regions of
a seasonal freezing of soils and in those of ever frozen soils. The problems
are proposed to be solved by means of plastic foam heat-insulating layers.

The Manual represents structures with plastic foam-insulated layers
and methods for their design. Some of them can replace traditional road
structures, others are the only possible solutions of the problem of provid-
ing the road pavement strength and frost resistance and the subgrade
stability. The Manual allows to appreciate an effeciency of using structures
with plastic foam insulating layers as compared to traditional structures,
including the design of the thickness of the frost-protective layer replaced
by plastic foam.

The Manual proposes recommendations for choosing a plastic foam
grade for installing the heat-insulating layers. At present there are data of
long-term tests of plastic foam on the roads in Russia only for the Styro-
foam grade produced by the Dow Chemical Company. The tests showed
that the above-said plastic foam could be used for the construction of
heat-insulating layers on the roads in Russia {4].

Appropriate specifications and standards (1—6) allowing to construct
roads with the Styrofoam heat-insulating layers have been developed 1n
Russia. Styrofoam has been certificated by the Ministry of Construction of
Russian Federation.

The Manual presents nomograms making it possible to determine the
required thickness of a plastic foam layer on the roads in the regions of a
seasonal soil freezing. The nomograms may be used for specifying the
required thickness of a plastic foam layer in the airfield pavements. In this
case the allowable value of soil heave should be included into computation
according to the standards for airfields.

The Manual may be used not only for road building in Russia but in
the countries of CIS (Commonwealth of Independent States) and in the
Baltic States as well.
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1. PROBLEMS SOLVED BY MEANS OF PLASTIC FOAM

1.1. Decrease in the thickness of a frost-protective layer

In regions of a seasonal freezing of soils, the value of their heaving
under the road pavement should not exceed allowable values [2]. To meet
those requirements, the frost-protective layers are constructed from con-
forming sands, sand-gravel mixtures, gravel, soils treated with binders and
other nonfrost-susceptible heaving materials. On the section of unfavour-
able soil-hydrological conditions, the thickness of a frost-protective layer
can reach | m and more. On such sections, it is difficult to provide the
required amount of conforming soils and materials for the construction of
frost-protective layers. In many regions, there are no such soils and mate-
rials. The haul distance of conforming sands totals tens and hundreds of
kilometers.

Type A Type B

100 cm
22cm

Jcm

Fig. 1. Road pavement structures of the same frost resistance under conditions of Moscow:
I — surfacing and base courses of road pavement; 2 — sand; 3 — Styrofoam

The installation of a plastic foam heat-insulating layer makes it possible
to decrease the thickness of a frost-protective layer significantly or to
exclude it completely.

Figure 1 shows the road pavement structures including the frost-pro-
tective layer made from sand (type A) and the heat-insulating layer made
from plastic foam (type B). The structures meet the requirement as per
strength and frost resistance under conditions of Moscow [5].
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1.2. Decrease in an embankment height

In regions of a seasonal soil freezing the embankment height must have
such value lest the overwetting of soil of a subgrade working layer should
occur. The embankment height depends on the soils, which are included in
the subgrade working layer [1]. The thickness of the working layer is
assumed to be equal to 2/3 of a freezing depth but not less than 1.5 m from
the pavement surface.

The plastic foam heat-insulating layer makes it possible to reduce the
working layer thickness at the expense of decreasing the freezing depth.
Due to this, it is possible to exclude unfavourable soils from the working
layer, which permits to lower the requirements for the minimum height of
embankment.

Figure 2 shows the minimum values of embankment heigts which
have to be constructed in the Arkhangelsk region on the sections
where ground waters are on the level of the ground surface. In case
of a traditional road pavement the embankment height made from
fine sand or sandy loam should be not less than 2.0 m (type A).
In case of a road pavement structure with the heat-insulating layer
preventing soil freezing below the ground surface, the embankment
height should be not less than 1.5 m (type B).

Type B

Fig. 2. Minimum values of embankment heights in the Arkhangelsk region when construct-

L

ing the traditional road pavement (Type A) and the road pavement with plastic foam pre-

venting soil freezing below the ground surface (T ype B):
/ — road pavement; 2 — fine sand or sandy loam; 3 — silt sandy loam and silt loam; 4 — Styro-

foam
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Fig. 3. Minimum values of embankment heights on the Yamal peninsula when constructing
the traditional road pavement (Type A) and the road pavement with plastic foam prevent-

ing soil thawing below the ground level (Type B):
I — road pavement; 2 — fine sand; 3 — ice saturated soil; 4 — Styrofoam

The use of plastic foam makes it possible to reduce the embankment
height and, at the same time, to decrease the frost-protective layer thick-
ness. On the Omsk — Novosibirsk highway, the use of plastic foam allowed
to reduce the embankment height by 0.9 m and to decrease the thickness
of the frost-protective layer made from sand by 0.3 m [4].

The basic principle of constructing roads in the regions of perennially
frozen soils consists in the preservation of ice-saturated soils under the
embankment bottom in a hard-frozen state during the whole period of road
operation. When thawing such soils lose their bearing capacity, and there

appears a subsidence resulting in road damage.
In order to prevent soil thawing, one constructs a high embankment.

The embankment height can be reduced at the expense of installing the
plastic foam heat-insulating layers. Figure 3 presents minimum values of
embankment heights which have to be constructed on the Yamal peninsula,

with the 30-year service life of the road [6].
In the case of building conventional subgrade structures from fine

sand, the embankment height must be more than 2.0 m (type A). If the
subgrade is built with the plastic foam heat-insulating layers, the embank-
ment height must be 1.5 m (type B), proceeding from the condition of

non-snow-drifting the road.
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1.3. Decrease in a cut depth

Under unfavourable soil-hydrological conditions in the regions of a
seasonal soil freezing, thick frost-protective layers (type A) are installed in
the cuts. The same frost-resistance can be provided by means-of installing
thin plastic foam heat-insulating layers (type B). Owing to reducing the
road pavement thickness, the cut depth is decreased. As a result, the
amount of earthworks is cut down and the conditions of their fulfilling
become easier, especially in the rain period.

Type A Type B

70 cm 25¢cm 4cm

Fig. 4. Subgrade structures in the cuts on the Omsk—Novosibirsk road when constructing

the traditional road pavement (Type A) and the road pavement with Styrofoam (Type B):
] — surfacing and base courses of road pavement; 2 — medium-grained sand; 3 — Styrofoam

Figure 4 shows the subgrade structures in the cuts on the Omsk—No-
- vosibirsk highway section, from the design kilometer 38 + 500 to km 76 +
+ 515. The highway has been designed according to the standards of the
Ist category. The road pavement in the structures of types "A" and "B"
meets the requirements as per strength and frost resistance.

The required amount of plastic foam is 840 m3 per 1 km of road. At
the expense of installing a heat-insulating layer the required quantity of
conforming sand (i. e. non-frost susceptible sand with the filtration coefi-
cient higher than 2 m/day) is reduced by 11920 m3 per 1 km of road and
the amount of earthworks is decreased by 24400 m3 — 35400 m? (depend-
ing on the cut depth) per 1 km of road.
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1.4. Use of soils of increased moisture content

'l

| . .
. When constructing the subgrade, it is necessary to compact the work-

ing layer soils to the required density [1]. When conctructing the road
pavement with an asphalt surfacing or a cement concrete pavement, the
soil density must be not less than 0.98 and 1.0, respectively, of the maxi-
mum density in accordance with the standard compaction method of
GOST 22733—90 (State Standard). Compaction like that is possible only
when the moisture content of soil is close to the optimum one (Wopt).

It 1s usually difficult to provide the construction with such moisture
content, especially in spring after snow thawing and in autumn in the rain
period.

The use of the plastic foam heat-insulating layers makes it possible to
apply soils of increased moisture content for constructing the subgrade
working layer fulfilling three conditions. First, the type of the subgrade
working layer should be the first or the second one [1]; second, the soil
should be compacted to the density not lower than 0.95 of the maximum
one and, third, the plastic foam thickness must have such value lest a soil
freezing under the road pavement should occur.

Type A
1,05 Wopy
1 /
z :
9]
3 J

Fig. 5. Allowable values of moisture content of heavy silt loam at which the soil can be
compacted to the specified values when constructing the traditional road pavement (Type

A) and the road pavement with plastic foam (Type B):
! — surfacing and base courses of road pavement; 2 —- sand; 3 --— heavy silty loam; 4 — Styrofoam,;

5 — geotextile
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Under these conditions the soil frost heaving does not take place and
only its shrinkage in summer period occurs. As a result, the soil is com-
pacted additionally to the maximum density and even more [4].

Figure 5 shows maximum values of moisture content of heavy silty
loam, at which it is possible to use this soil for constructing the subgrade
working layer in case of a traditional road pavement structure with the
asphalt surfacing (type A) and in case of installing the plastic foam heat-
insulating layer in the structure (type D).

1.5. improvement of the pavement durability and evenness

During the road operation in the regions of a seasonal freezing, the
all-round-year process of varying the density and moisture content of the
heaving soils takes place. The process consists of the four periods: swelling
in autumn, frost heaving in winter, soil subsidence when thawing in spring,
and shrinkage when drying in summer. All-round-year variations of the
density and moisture content are repeated during the whole service lhife of
the structure. In this case, as a result of the subsidence and shrinkage of
soils for a spring summer period, there can or cannot occur a restoration
of their initial density achieved in constructing the road. In the latter case,
losses of compaction of soils will occur if frost heaving i1s repeated year
after year until their density in summer becomes equal to "everyday den-
sity” [3].

The above said processes of upheaval and subsidence of the road
pavement develop nonuniformly over the carriageway area. Especially
often these phenomena occur in spring, when under the action of vehicle
traffic a nonuniformity of subsidence of the discompacted and water-satu-
rated soil intensifies. As this takes place, the more the soil heave, the more
nonuniform heaval and subsidence of the carriageway.

Such an annual effect on the road pavement influences its durability and
the surfacing evenness. To eliminate frost heavinq means to increase the
surfacing durability and evenness. In theory, this could by done be replac-
ing frost heaving soils with conforming sand, sand-gravel mixture, gravel,
soil stabilized with a binder and other nonfrost-susceptible materials
through the whole depth of freezing. And it is actually impossible to do
this in the regions where the freezing depth amounts to 3.0 m and more.

The installation of plastic foam heat-insulating layers makes it possible
to prevent freezing of heaving soils under the road pavement. As a conse-
quence of this, the basic factor of losses of compaction of the subgrade
working layer soils is removed.

The density of the non-swelling and weakly-swelling soils actually does
not change during road operation. The moisture content of soils com-
pacted to the specified values does not also change. Under these conditions
the bearing capacity of the working layer soils does not practically change

46



Type A Type B

Eveness mark:
satisfactory good

1 !
2

2 4
5

J
6

Fig. 6. Indices of the surfacing service life and evenness when constructing the traditional

road pavement (Type A) and the road pavement with plastic foam (Type B):
] — surfacing and base courses of road pavement; 2 — sand; 3, 6 — soil; 4 — Styrofoam; 5 —
geotextile

from season to season. Only owing to this factor the surfacing durability
increases approximately by 30 % as compared to the traditional solution
of the structure. The service life of the structure using plastic foam will be
considerably longer than the indicated value because there will be no
annual nonuniform upheaval and subsidence of the road pavement, which
determines to a large extent the structure durability.

Figure 6 shows the relationship between the service life of surfacings
(T, years) in case of a traditional road pavement structure (type A) and
when the structure is built with the plastic foam layer preventing freezing
of soils of the subgrade working layer (type B). The Figure also shows the
data concerning a surfacing evenness on the Omsk-—Novosibirsk highway.
The measurements were fulfilled after 12 years of road service [4].

1.6. Solutions feasible only with the use of plastic foam

One of the tasks of the road maintenance service consists in eliminating
frost heaves on the existing road network. Frost heaves are called the road
pavement and subgrade deformations, which are displayed in winter in
forming frost mounds and in a surfacing evenness failure and in the period
of thawing, when vehicles run, in a road pavement damage due to decreas-
ing the strength of the overwetted soils.
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Under conditions of Russia the frost heaves significantly complicate
road operation. On separate road sections, the length of frost heaves
amounts to 30 % and more. According to the data of Irkutskgiprodornit
(1998), there are seven heaving places 6.5 km long in total on the
Tyumen—Omsk road section from the 248th km to the 297th km. On the
Baikal road section, the border of the Krasnoyarsky krai — the city of
Irkutsk from the 1689th km to the 1712th km, there exist 10 heaving places
6.8 km long in total.

Control of frost heaves using traditional methods is of low efliciency
In many cases, and, sometimes, it is absolutely useless. The only solution
making it possible to eliminate frost heave is the installation of a plastic
foam heat-insulating Iayer.

Figure 7 shows one of such cases. The road 1s on the embankment 1
m high. The land is flat, the surface runoff is not provided. Silty sandy
loam is under the embankment. There is ground water (perched water), the
level of which coincides with the ground surface. The freezing depth in the
open field is over 1.5 m. There are frost heaves on the road.

/]
h
2 fr
UwiL |

]\Z

Fig. 7. Road pavement with a frost-protective layer (T ype A) and a plastic-foam heat-insu-
lating layer (Type B) considered when solving the problem of removing frost heaves from

the road:
I — surfacing and base courses of road pavement; 2 — sand; 3 — gravel, 4 — silty sandy loam;

5 — Styrofoam; 6 -— geotextile; 7 — soil of the existing embankment; 4 ¢ — freezing depth

Type A
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The reconstruction of the heaving road section provides for building
the road pavement 0.5 m thick. If an additional frost-protective layer is
installed, its thickness should be more than 0.5 m (type A). Under such
conditions, the road pavement bottom is located below the ground surface
in the area of perched water.

To provide the required durability of the structure, it is necessary to
drain water from the road pavement courses and the upper layers of the
subgrade. These requirements cannot be fulfilled. It is impossible to drain
water in the flat land, when a portion of the frost-protective layer is below
the ground water level. Therefore, under the above said conditions the
frost-protective layer for eliminating frost heaves should not be installed.
The frost-protective layer made from granular materials has much more
disadvantages. It will be filled with water below the ground level, as a result
of which the bearing capacity of the granular material will decrease. The
frost-protective layer filled with water will not eliminate frost heaving, for
there will occur ice formation.

The structure including a plastic foam heat-insulating layer (type B)
has no drawbacks indicated and allows to remove frost heaves from the
roads.

In regions of ever frozen soils, there may be such situations when it is
impossible to manage without using plastic foam. One of these situations
1s a forced construction of the subgrade in the low fill due to the territory
relief [6]. If the plastic foam heat-insulating layer is not installed, there will
occur a thawing of ice-saturated soils under the embankment bottom,
which will result in a road failure. The use of plastic foam makes it possible
to prevent a thawing of soils and to save the road.

2. Determination of the required plastic foam grade

2.1. Conditions of the plastic foam performance in the structure

Plastic foam in the structure is subjected to the effect of force and
natural factors. The action of short-term repeated loads resulted from
vehicle traffic causes compression deformation at bending of plastic foam.
The effect of natural factors on the plastic foam layer is manifested in
freezing and thawing, in moistening and drying, in nonuniform heaval and
subsidence of the heat-insulating layer. Under conditions of Russia, the
temperature gradient through the depth of the plastic foam layer amounts
to 1.5 deg/cm and more.
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The action of loads from vehicle traffic takes place under conditions
when the upper part of the plastic foam layer is in a thawed state and the
lower one is frozen, and vice versa. Under such combined action of force
and natural factors, it is difficult to model the plastic foam performance in
the structure. The main mechanism of a plastic foam failure ts the material
fatigue. The basic criterion for specifying a plastic foam grade is the results
of field observations.

2.2. Tests on roads

In 1983—1999 according to the indication of Ministry of Construction,
the tests of Styrofoam of grade HI-50, were conducted on the Omsk—No-
vosibirsk highway (region of seasonal freezing) and on the Urengoy — 185
road (region of perennially frozen soils).

The section of the Omsk—Novosibirsk highway with the Styrofoam
heat-insulating layers is in the area of the town of Chulym [4]. This area is
characterized by severe freezing winters, hot summers and unfavourable
soil hydrological conditions. According to Hydrometeorological Center,

the air temperature can be as low as — 50 °C in winter and as high as +38

® C in summer. In the period of testing plastic foam the sum of negative
degree-days was from 1133 to 2575 for one winter.

The road on the Styrofoam-insulated section runs across the territory
without surface runoff. The perched water i1s found at the depth of 0.5 to
1.7 m from the ground surface. The subgrade made from light silty clay is
in the embankment 1.65 m high. The same is under the embankment
bottom. The road pavement of the trial section has a cement concrete
pavement (Fig. 9). Styrofoam insulation has been in the road pavement for
12 years. In order to assess the durability of Styrofoam, the plastic foam
samples were taken from the trial section of Omsk-—Novosibirsk highway.
The samples were tested by the Test Center "Stroypolymertest”. The results
of the test are presented in Table 1.

The data of Table 1 make it possible to conclude that the Styrofoam
properties remained actually the same during the road service, with the
exception of some degree of its compression during the construction of the
road pavement.

The test results showed that Styrofoam of HI-050 grade could be
applied for installing heat-insulating layers on the roads. At present the
nomenclature of plastic foams produced by The Dow Chemical Company
has changed. Instead of HI-50 grade, the Floormate 500 grade should be
taken.

50



Table |

[ Method fV:llucs of indrilccs |
Parameters L gy ' of physico-mechanica
of Determination properties of plastic foam
4 Initial Final
Density, kg/m’ DIN 53420 38 | 431
— . GOST 15588-86
Compression strength at 10 % lin- DIN 53421 0.40 0.43
ear deformat:on MPa (N/mm?) GOST 15588-86
gulus of elacticity, MPa DIN 53421 15 19.2
(N/mm - GOST23404-86 | | o
Thermal conductivity at 10 °C, DIN 52612 l 0.027 _l Cu
W/(m - K)
Thermal conductivity in dry state GOST 707687 - 0.0286
at 20 °C, W/(m- K) _ ‘ S I
Thermal conductivity in v.».fatt.':r-s.atu-—T GOST 7076-87 e 0. 030!
rated state at 20 °C and motsture con- |
tent of 4.6 % by weight, W/(m - K) | ﬁ__}
Water absorption of entire board, DIN 53434 0.2
% by volume |
Water absorption after 300 freezing DIN 53434 i 1.0
and thawing cycles, % by volume
Water absorption during 24 hours, GOST 15588386 ‘o 0.53
% by volume ! l

3. Structures in the seasonal freezing regions

3.1. Principles of designing

The road pavement structure should meet specifications as per
strength, frost resistance and drainage [1].

The requirements as per frost resistance consist in that the value
of soil heaving under the road pavement not exceed allowable values.
In Russia, the value of soil heaving on the road, L,;, is assumed
to be equal to 3 cm in case of a cast-in — place cement concrete
pavement, 4 cm — in case of a precast pavement, 4 cm — in case
of an asphalt surfacing of the road pavement of capital type, 6 cm
— in case of an asphalt surfacing of the road pavement of lightened
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type. For roads of international class the allowable value of soil
heave under the road pavement must not exceed 2 cm.

The allowable value of soil heave is specified by a customer for con-
structing the road and this value should not be higher than the value
presented above. The lower is the allowable value of soil heave, the better
iIs the surfacing evenness during road operation and the longer is the road
operation and the longer is the road pavement service life.

An installation of the plastic foam heat-insulating layer permits to
reduce the value of heave at the expense of decreasing the depth of
subgrade freezing. The required thickness of the plastic foam insulating
layer should be determined for the road pavement structure complying with
the requirements for strength and drainage. The thickness of the plastic
foam layer 1s specified with taking into account a service life of the road
pavement between capital repairs, type of moistening the subgrade working
layer [1], depth of the occurrence of underground waters from the bottom
of the road pavement, and soils. When soils of various types occur within
the freezing depth, it is necessary to consider in the design the parameters
of the soil with the highest degree of heaving.

The Styrofoam-insulated layer should be placed at the depth at least
0.5 m from the road surface lest the frequency of glazed frost formation
on the road surface should exceed 10 % as compared to the section with a
traditional road pavement structure [3].

3.2. Structures for new construction

When designing, there may be 6 basic types of solution for road
structures with the Styrofoam heat-insulating layer. The choice of a neces-
sary solution depends on the road pavement structure designed on the
strength and drainage conditions, and on its cost. Figure 8 shows the types
of solutions for the road pavement.

When the heaving soils thaw, there occurs their subsidence followed by
squeezing out water. This water should be drained from under the road
pavement. In this connection, in the structure of type "C,", it is necessary
to use plastic foam boards with edges of straight shape in order that water
could flow into the draining layer through the slits between the boards.

The structure of type "B" 1s built with the use of plastic foam boards
the edges of which are of stepped shape. The rest of the structures shown
in Figure 8 are built with the use of plastic foam boards which have one
or other shape of the edges depending on the source of water inflow and
conditions of water drainage.

The thickness of a draining layer depends on the filtration coefficient
of sand. If it is equal to 3 m/day and more, the minimum thickness of a
draining layer in the structure of type "C," is 20 cm, if the filtration
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coefficient is less than 3 m/day, the thickness of a draining layer amounts
to 25 cm.

Figure 9 shows a cross section of the road pavement structure of type
"Ci" (sizes are given in metres). The Omsk—Novosibirsk highway has such
a structure, [4].

The width of the plastic foam-insulated layer should be greater than
that of the carriageway by 0.5 m ( 0.5 m) — 1.5 m (2.0 m) for insulating
the soils under the road pavement against the cold effect from the side of
shoulders. The values in brackets are assumed in case of preventing soil

Type Ay Type A,

>25-35¢m =50cm
220¢cm =50cm

Type B4

! 3 !
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mYA 3 A 3
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7 4 “
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i~ P 4
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J
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Fig. 8. Basic types of road pavement structures with the Styrofoam heat-insulating layer

used in new construction:
I — surfacing and base courses of road pavement; 2 — cement concrete base course; 3 — Styro-
foam; 4 — sand draining layer; 5 — geotextile interlayer against silting; 6 — geotextile draining in-
terlayer; 7 — sand levelling course
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Fig. 9. Cross section of the road structure, Type C:
] — grass sown on the 0.15 m Iaycr of soil; 2 — crushed stone (0.1 m) bound with bitumen (1.5 Vm? );
3 — cement concrete (0.24 m); 4 — crushed stone stabilized with 6 % of cement (0.2 m); 5 — sand
(0.20 m); 6 — Styrofoam (0.10 m); 7 — "dornit" geotextile; & — soil (light silty clay)

freezing under the road pavement. Peculiarities of fulfilling construction
jobs are as follows.

The plastic foam boards are placed on sand or geotextile. The sand 1s
preliminarily compacted and levelled, the subgrade soil under the geotextile
is compacted and levelled as well. The boards should be rested upon the
whole area of sand and geotextile. To retain each board, at least 2 wooden
stakes driven flush with the surface of the heat-insulating layer are used.
Building equipment is not allowed to work directly on the plastic foam
heat-insulating layer.

In structures of types "B" and "C", the first layer of sand over the
Styrofoam boards should be filled at least as thick as 0.2—0.25 m in the
dense body using a method "from yourself'. The thickness of sand layer
depends on the types of compactig equipment. The sand layer being
compacted, it is possible to use conventional methods of construction.

In structures of type "A", cement concrete may be laid directly on the
Styrofoam boards.

3.3. Structures for road repair and reconstruction

Repair (reconstruction) of a heaving road section should be perfomed
so that after completing construction works the following requirements be
fulfilled:

soil heave at places where a heaving section adjoins a sound one should
be equal to the heaving value of the latter;

soil heave in the middle part of a repaired (reconstructed) road section
should not exceed an allowable value for a specified type of the pavement;

an intensity of variation in the soil heaving value along the length
of a repaired (reconstructed) road section should not exceed an
allowable value.
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The fulfilment of these requirements increases the road pavement
durability and allows to prevent pavement cracking at places of adjoining
a sound road section due to the difference 1n soil heave values.

On the approach to a sound road section, a transition zone with a
plastic foam layer of variable thickness must be built. The length of the
zone 1s determined by formula:

Latl — hn(o)

]
. (1)

hz

where Itz = length of the transition zone, m; Lan = allowable value of soil heave on
the repaired (reconstructed) road secttion, cm; Hno) = soil heaving value on the
sound road section, cm; Itz = admissible intensity of variation in a soil heaving value
along the length of the transition zone, cm/m.

The following values of I;, should be applied in the design:

0.1 cm/m — when laying the concrete pavement;

0.2 cm/m — when laying the asphalt concrete pavement.

On the heaving section, the soil loses its density and is overwetted. The
repair (reconstruction) of this section begins with restoring the bearing
capacity of the subgrade. This 1s performed by two methods. The first
method includes the removal of the soil, which has lost its density and been
overwetted, and its replacement by another soil, with a subsequent com-
paction to a standart density. The second method involves the placement
of a geotextile reinforcing interlayer under the road pavement. In this case
the removal of soil is not required, and it 1s only needed to perform the
soll compaction up to the maximum magnitude corresponding to its mois-
ture content.

When applying the first method of improving the subgrade bearing
capacity, the road pavement structures shown in Figure 8 can be con-
structed on the heaving section. When the second method 1s applied, the
same structures can be used only with the reinforcing interlayer of geotexile
of "Typar" type, grade 3857 additionally laid under them.

3.4. Design of the plastic foam layer thickness

Initial data necessary for the design are as follows:

geographical location of the road section under consideration,;

road pavement structure (name and thickness of layers) without a
heat-insulating layer, which is required according to the strength and
drainage conditions;

type of moistening the subgrade working layer (type 1, 2 or 3) and
depth of the ground water occurrence from the road pavement bottom;

name of the subgrade soil.

53



The design of the heat-insulating layer (h¢), cm, is carried out in the
following order:

1. The number of isoline that runs along the section considered is
determined from the map (Fig 10). When the road section is between two
1solines, the numbers of both of them are found.

2. Thermal resistance of the road pavement without a heat-insulating
layer (Ry(o) m*K/W) is computed:

i-ﬂp

Rp(o) = >k pti/ o) 2)
fe]

where np = number of structural layers of the road pavement without the heat-in-
sulating layer; Ap(i) = thickness of a separate layer, m; Api) —<coefTicients of the
heat-conductivity of separate layers in a frozen state.

The design should include actual measured values of lp(i). In

the absence of such data the tabulated values Ao(i) [2] may be

used in the design. These values for some materials are given below:
1.74 W/(m-K) for cement concrete; 1.40 W/(m-K) for dense asphalt
concrete; 1.25 W/(m-K) for porous asphalt concrete; 1.86 W/(m-K)
for crushed granite; 1.39 W/(m-K) for crushed limestone; 2.10 W/(m-K)

for sand-gravel, 2.00 W/(m-K) for sand.

3. The soil heaving index, Cj,, is determined from Table 2. The follow-
Ing soils are referred to the medium heaving ones: sandy loam, light sandy
clay loam, heavy sandy clay loam, clay.

The highly heaving soils are as follows: silty sand, silty sandy loam,
heavy silty loam. The extremely heaving soils are as follows: silty sandy
loam with a sand particle content at least 20 % by weight and light silty
loam.

When dealing with soils of specific types and needing a higher accu-
racy, the heaving index should be determined from the results of soil test
iIn compliance with GOST 28622—90.

4. The coefhicient C, that takes into account the influence of the weight
of the road pavement and subgrade frozen courses on the soil heave value
1s assessed.This coefficient is found from Table 3 regarding a thickness of
the road pavement (/,, m) and an allowable freezing depth of the subgrade
(Dfr(anry , €M)

hen values of the road pavement thickness are lower or hlgher than
those given in Table 3, the value of C, should be established by interpo-
lating between appropriate values.

At first, one should assume the value of C, that corresponds to an
allowable freezing depth of the subgrade in a range of 0 to 50 (100).
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The value of coefficient K, must be reduced by 5 % if the road is
located in south subzone II of the road — climatic zone, by 10 % if the
road is located in road — climatic zone III and by 15 % if the road is

located in road — climatic zone IV [1].
5. Using Table 4, the following coefficient values are found:
K, = coefficient taking account of the road pavement service life;
K., = coefficient considering the type of moistening the subgrade

working layer. |
6. The required thermal resistance of the road pavement (Rpeq),

m2K/W) is determined from the nomogram (Fig. 11). Proceed as
follows:
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Fig. 10. Map with isolines for determining the required values for thermal resistance of

road pavement: _ _
I-X — numbers of isolines; / — boundary of the continuous occurrence of perennially frozen soils;

2 — ditto. of the insular occurrence (up to 25 m in depth); 3 — Arctic Circle
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compute the value of Ly/(Cy, Cp);
determine the value of hg,y) from the nomogram depending on

L/(Cy, Cy), type of moistening the subgrade working layer, and depth of
ground water occurrence, (H;, m) from the road pavement bottom;
define more exactly the value of C, depending on Ag,y) using

Table 3;
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Rp(req) at L 4/( Cn+ Cp) equal to 0 to 6 cm and from 6 to 30 cm:
and 2 of moistening the subgrade working layer

estimate again the value of L y/(C;, Co);
determine the value of Ry y.qy/(Kp, Kp) from the nomogram depending

on L,;/(Cy Cp), type of moistening the subgrade working layer, and depth
of ground water level (H,) from the road pavement bottom as well as the

number of the isoline on the map (Fig. 10) that goes through the road
section considered:
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Table 2

_ ____Values of Ch for soils L
_ Medium heaving |  Highly heaving ___Extremely heaving
1.0 1.5 2.0

. — - o e e ——

Table 3

Values of coefficient C;, depending on the road pavement thickness
(hp, m) and allowable depth of subgrade freezing (g (up, cm

i hy = 0,5 hy = 1,0 hp=1,5 hy = 2,0
hiad L S :
her (alt) Ay (all) hir ity h tr qat)

0-50 f:ﬁ >100 {0-100 | >100 | 0-100 | >100 { 0-100 | >100

Siltysand 0.60 | 0.55 | 0.50 | 0.50 | 0.45 | 0.45 | 0.40 | 0.40 | 0.35
Light sandy loam 0.70 | 0.65 | 0.60 | 0.60 | 0.55 | 0.55 | 0.50 | 0.50 | 0.45

Silty sandy loam 0.75 1 0.70 | 0.65 1 065 | 0.60 | 0.60 | 0.55 { 0.55 | 0.50

Light sandy clay loam, | 0.80 [ 0.75 | 0.70 | 0.70 | 0.65 | 0.65 | 0.60 { 0.60 | 0.55
Light silty clay loam

Heavy sandy clay loam, | 0.85 | 0.80 | 0.75 | 0.75 | 0.70 | 0.70 | 0.65 | 0.65 | 0.60
Heavy silty clay loam, Clay l

Table 4

Yalues of coefficients Km
for the type of moistening
the subgrade working layer

Values of coefficient Kp for road pavement
[soline nunber service life between major repairs
on the map
(see Fig. 10)

Less than

10 yers types 2 and 3

11
I
1V

Vi
VII
VI
1X
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introduce the value of the coefficients of K, and K, into expression

Rp(reqy/(Kp Kiy) and calculate the desired value of Ry (req)-
If the depth of ground water occurrence on the road section differs

from the depth shown on the nomogram, it is necessary to determine two
values of R, (req.): when the value of H, on the nomogram 1s higher than

the depth of ground water occurrence on the mentioned road section and
when 1t 1s lower than the depth of ground water occurrence. The required

value of R, (req.) is determined by interpolation between relevant values.
7. The requred thickness of the plastic foam layer (A cm) 1s found from

the plot in Figure 12 depending on R;(g) and Rpreq)-
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Fig. 12. Plot for determining the required thickness of the Styrofoam layer:
R preg) — required thermal resistance of road pavement: R po) — thermal resistance of road pavement
without the plastic foam layer
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When the section under consideration is between the isolines on the
map (Fig. 10), two values of hf corresponding to these isolines are evalu-
ated. The desired thickness of the heat-insulating layer is established by the
interpolation method in dependence on the distance from the section
examined to one of the isolines.

3.5. Computation of the soil heave value

To compute by formula 1 the transition zone including the plastic foam
layer of variable thickness, it is necessary to know the value of soil heave
(h;(0) on the sound road section. This value is found from the nomogram
in Figure 11.

As compared to the above described in item 3.4, in this case one solves
the reverse problem. The desired value is L, = Ay at the known value
of Ry req) that is equal to the thermal resistance of the sound section of the
roadp pavement.

4. Structures for permafrost regions

4.1. Design principles

In the regions of perenially frozen soils, roads are built with heat-insu-
lating layers of plastic foam in order to provide the subgrade strength and
stability. This is achieved through maintaining soils of the natural founda-
tion in a hard-frozen state (structures of type 1); ditto plus maintaining the
embankment soils in a hard frozen state (structures of type 2).

One of the conditions for ensuring such state of soils is the construction
of subgrade in winter when the embankment foundation 1s frozen to a
depth of more than 30 cm. Another condition is the installation of the
‘heat-insulating layer of plastic foam that protects soils against thawing
during the period of road life. This period 1s usually about 30 years.

To retain soils in a hard-frozen state during the above period, the
warmest year of frequency once for 30 years should be assumed as the
design one. To determine this year, it is required to find a sum of positive
degree-days, a sum of negative degree-days and their resulting value for
each year during a period of at least 30 years. From these data the desired
warmest year 1s established.

The thickness of the plastic foam layer, needed to retain soils in a
hardfrozen state, is estimated through a heat-engineering computation.
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The computation includes average monthly air temperatures that occurred
in the warmest year. The same is performed for the average year of
multi-year period. The computation is done in two stages. At first, tem-
peratures in the road structure are established for the average year of the
multi-year period. Then temperatures are determined for the warmest year
of frequency once for 30 years. In this case, the data obtained for the
average year of the multi-year period are assumed as initial temperatures
In the road structure. When computing the temperature 1n the structure,
consideration should be given to the temperature data for the natural
foundation soil at a depth of not less than 10 m from the ground surface.

In order to evaluate the temperature on the carriageway and shoulder
pavement surface as well as on the slope and right-of-way surface, the data
on solar radiation, wind velocity, and snow cover height and density are
introduced into computation.

4.2. Types of structures

The road design is performed on the basis of the main types of the road
structures presented in Figure 13. The choice of a structure 1s made with
regard for an embankment height and soil compaction conditions. The
structure of type 3 is applied when the embankment height (along the
carrigeway axis) is equal to the road pavement tthickness. In case of a
higher embankmennt, but not higher than 2 m, the structures of types 1
and 2 are used. The structures of type 4 are employed on the road sections
passing through a datum level.

The structure of type 1 should be applied provided it is possible to
compact the sand, which is used for the embankment construction, to a
density at least 0.95 from the maximum one according to GOST 22733—
90. With the structures of type 2, the sand density 1s not specified because
this soil will be in a hard-frozen state during the whole period of road
operation. Its density in the fill should be equal to the maximum one that
can be reached when the sand is compacted in winter.

Figure 13 presents the dimensions of the road structure used on the
Yamal peninsula [6]. On the carriageway of this road, the pavement of
reinforced concrete slabs 0.14 m thick is laid over the base course of the
sand-cement mixture (10 % of cement) 0.25 m thick. The shoulders are
strengthened by the same sand-cement mixture. To provide the stability of
the embankment slopes, the use is made of geotextile protective interlayers,
with laying a moss-vegetative cover on the slope surface. In the structures
of types 1 and 2, the embankment height along the subgrade edge is 1.55
m. The embankment gradients given in Figure 13 are the maximum admis-

sible ones. The steeper slopes are impermissible while the flatter ones can
be built.
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Fig. 13. Structures of road pavement and subgrade with heat-insulating layers of Styro-

foam of Floormate 500 grade:
I — plastic foam layer 8 cm thick; 2 — plastic foam layer 6 cm thick; 3 — silty sand; 4 — fine

sand; 5 — sand-cement mix; 6 — reinforced concrete slab; 7 — geotextile; 8 — plastic foam layer
14 cm thick; 9 — plastic foam layer 13 cm thick; /0 — pipe drain

Site preparation (snow removal, felling and clearing operations, etc.)
for the subgrade construction should be carried out in winter a little ahead
of main earthworks. The lower courses of the embankment must be built
by the method "from yourself" whereas the next layers — by the longitu-
dinal method.

The heat-insulating layer should be constructed of boards with the edge
of a stepped shape. Taking into consideration a probability of flooding the
frozen part of the embankment in the structure of type 2 during the warm
period of the year, it is necessary to prevent water infiltration into the soil
through the joints between the boards. That is why the edges of the plastic
foam boards should be of groove-and-tongue type. The plastic foam boards
with the stepped edges are admissible to use with isolating the joints
between them.
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The plastic foam boards should be installed so as to provide their
uniform resting on the surface of the sand course. In order to avoid the
through joints, the boards must be laid in a staggered way. When two
layers of the boards are installed, joints of the lower layer should be
overlapped with the overlying boards. When installing, the boards should

be connected to the base course by pins.
The work sequence in summer was as follows: additional compaction

of fine sand, laying and compaction of the sand-cement mix course, and
placement of the reinforced slabs (Fig. 13). Works performed in the warm
period of time must be completed within not more than 2—3 months since
the time when there occurs a transition of the average daily air temperature

through 0 °C. Otherwise, the soils that must be in a frozen state can thaw.

4.3. Design of the plastic foam layer thickness

The computer program for the computation of heat-and mass-ex-
change of the road structure should take into consideration: a complex
contour of the structure, the presence of different types of soils and
materials, a considerable number of boundary conditions within the design
area, phase transitions (latent heat releasing and absorption during freez-

ing-thawing), thermal-and-physical properties of soils and materials.
The soil-frost conditions along the route of a road should be charac-

terized by the following indices: total moisture content of the soil, density
of the thawed and frozen soil, coefficients of thermal conductivity and
volumetric thermal capacity of the thawed and frozen soils, and tempera-

ture of ice-formation.
The design includes the thermal-and-physical characteristics of the road

pavement layers obtained from the data of field measurements on the road
in the area considered. In the absence of such data, the tabulated values

may be used in computation.
The required thickness of the plastic foam layer is found by the method

of selection proceeding from the condition of retaining the soils in a

hard-frozen state during the whole period of road service.
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5. DESIGN OF THE FROST-PROTECTIVE LAYER REPLACED
BY PLASTIC FOAM

The conventional solution for the road structure in the regions of
seasonally frozen soils is its construction with the frost-protective layer. An
alternative solution is to build the road pavement with the heat-insulating
layer of plastic foam. To evaluate the efficiency of the use of such structure,
it 1s necessary to know the thickness of the frost-protective layer replaced
by plastic foam.

A comparison between the structure with the frost-protective layer and
that with the heat-insulating one is possible under the observance of the
conditions listed below. Both of these structures should meet the specifica-
tions as to strength, frost-resistance, and drainage. They both should have
the same surfacing and base courses. The only difference between them 1is
that one of the structures will include the frost-protective layer whereas the
other — the heat-insulating one of plastic foam.

On the basis of the above conditions the thickness of the frost-protec-
tive layer replaced by plastic foam is determined as follows:

1. The frost protective layer thickness (5, m) is given, and with taking
it 1nto account the road pavement thickness (hp., m) and the distance to
the ground water level (H,, m) are determined.

2. The required value of the road pavement thermal resistance 1is
assessed. The computation is performed in the same way as it is described
in 3.4. The only difference is in the values of the soil heave index (C;,) that

should be taken from Table 5.

Table 5

e

Isoline number in the Values of Cy, for soils:

map (see Fig. 10) | mcdiumcaﬁ"g Extremely heaving
I 1.40 2.10 2.80
I 1.25 1.85 2.50
11 1.10 .65 2.20
v 1.00 1.50 2.00
\V 0.90 1.35 1.80
VI 0.80 1.20 1.60
Vil 0.70 1.0 1.40
VIII 0.60 0.90 1.20
Ix 0.75 1.00
0.60 0.80




As Table 5 shows, the values of C;, are dependent on the location of
the road section under examination, which 1s connected with the influence
of the freezing depth and rate on the soil heave. The higher the rate of
freezing, the less water inflows from the thawed soil into the frozen one
and the less 1s the soil heave.

3. A value of the thickness of the frost-protective layer replaced by
plastic foam (Az,, m) is estimated:

hfp = (Rp(req) — Rp(0) ) Mp, (3)

where Rp(req) — required thermal resistance of the road pavement, m*-K/W;
Rp0) — thermal resistance of the road pavement without the frost-protective and

heat-insulating layers, mz-K/W; Mp — coefficient of thermal conductivity of the

frost-protective layer equal to the arithmetical mean value of thermal conductivity
coefficients of the layer material in thawed and frozen states W/(m-K).

4. One compares the value of Ag, obtained on formula 3, with the
prescribed value of hg,. If the difference between these values does not
exceed 5 cm, the design is completed. Otherwise a new value of s, must
be given and the design repeated.
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APPENDIX |

ENGINEERING CHARACTERISTICS OF PLASTIC FOAM

For building the road heat-insulating layers the plastic foam "Styrofoam" of
FLOORMATE 500 grade is applied. Table 6 presents physical-and-mechanical
properties of the plastic foam of this grade.

Dimensions of the plastic foam board: length — 1250 mm; width — 600 mm;
thickness — 30, 40, 50, 60, 80, 100 mm. The edge shape is stepped.

The plastic foam is resistant to the action of sodium carbonate, calcium
hydroxide, sodium chloride (common salt), organic matters (humus, sapropel),
bacteria of natural origin.

When acids, alkali, organic fertilizers and other substances, not listed above,
are present in the soil, it is required to evaluate the stability of the plastic foam
individually for a particular composition and concentration of these matters.

Table 6
Method of :
Parameters determination Unit Value
- 3
Initial density DINS3420 | Kg/m 38
GOST 17171-87 40
- —
Thermal conductivity at 10 °C DIN52612 | W/(mK) 0.027
GOST 1076-87 0.025
Thermal conductivity at 20 °C GOST 7076-87 W/(m-K) 0.028
S - — e
Water absorption DIN53434 | Yo by volume 0.20
GOST 171177-87 0.45
Compression strength at 5 % defor- | GOST 17177-87 N/mm? 0.51
mation
Compression strength at 10 % de- DIN 53421 0.50
formation
Ultimate flexural strength GOST 17177-87 0.72

Modulus of elasticity 20
Capillariy . — = 0

Fire resistance (flammability group) GOT 32 BI (highl |

e | fire-resistant)

Range of service temperatures — -50 to +75
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The plastic foam should be protected against the action of petroleum products
(gasoline, kerosine, etc.), organic solvents (benzene, acetone, etc.). Laying "hot
sand” or other heated materials treated with organic binders directly over the plastic
foam is impermissible.

In case of the long-term outdoor storage (more than 5 days) the plastic foam
boards should be kept from direct sunlight. It is not allowable to stack up the plastic
foam boards near the open flame.
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APPENDIX 2

DESIGN EXAMPLES

1. It is required to determine the desired thickness of the plastic foam heat-in-
sulating layer on the section of the road passing through the area of the city of
Moscow under unfavourable soil-hydrological conditions. On this section, the
ground water level is at a depth of 0.5 m from the ground surface. The soil of the
natural foundation is light silty loam, which is referred to the extremely heaving
soils. The subgrade is built from the same soil. The embankment height is 1.65 m.

Proceeding from the conditions of strength and drainage the road pavement
structure should consist of: asphalt concrete surfacing 0.20 m thick (dense as-
phalt — 0.05 m; porous asphalt 0.15 m); crushed limestone base 0.30 m thick that
includes the 0.20 m drainage course of medium-sized sand. The service life of the
road pavement (service period between capital repairs) is 10 years.

Allowed value of heaving is 4 cm.

The thickness of the plastic foam layer is computed according to item3.4. From
the map In Flgure 10, the number of isoline that ,passes through the road section
considered is V. From formula 2, Rp) = 0.46 m .K/W. From Table 2, Cy = 2.0.
From Table 3, Cp =0.76 for light snlty loam at Ap = 0.7 and Afralyy = 0-50 cm. From
Table 4, Kp = 0.90 and Km =0.95. From the nomogram in Figure 11, Agrai) = 72 cm
at Lan/(Cth) = 2.6 and H) = 1.45 m. From Table 3, Cp = 0.73 at hp = 0 7 m and

hirat)y = 72 cm. From the nomogram in Figure 11, Rp(req) = 0.81 m*K/W at
La/(CrCp) = 2.7,Hy, = 1,45 m, Kp = 0.90, Km = 0.95.

From the plot in Figurg 12, the desired thickness of the plastic foam layer hf =
=1.8 cm at Rp() = 0.46 m™-K/W and Rp(req) = 0.81 m’-K/W. Taking account of
the minimum dimensions of the board (Appendix 1), the thickness of the plastic
foam layer is assumed to be 3 cm.

2. It is required to determine the thickness of the frost-protective layer replaced
by plastic foam for the above mentioned road in the vicinity of Moscow. The
computation is performed according to item 3. The original data, excluding the
value of Cp, are the same as above: Rp) = 0.46 m®.K/W, Kp = 0.90, Km = 0.95.
We are set by value Afp = 0.95 m. Then 4p = 1.65 m, Hy = 0.5 m. From Tab-

le 3, Cp = 0.64 m at &, = 1.65 m and hfr@n) = 62 cm. From Table 5, C, = 1.80.
From thc nomogram in Figure 11, Afn = 62 cm at Laul(Cth) = 3.5 and
H), = 0.5 m. From the nomogram in Figure 11, Rp(req) = 0.92 m2.K/W at
La/(ChCp) = 3.5, H), = 0.5 m, Kp = 0.90, Km = 0.95. From formula 3, Agp =
=0.92 m.

The calculation is finished since the difference between the prescribed values
and the obtained ones is 3 cm, 1. e. less than S cm. We obtain that the thickness of
the frost protective layer replaced by plastic foam is 0.95 m.
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B NMocobuu yKkasaHbl 3aja4u, KOTOPbLI€ MOXHO pellaTb C NOMOLbIO NeHOo-
nnacta Styrofoam npousBoacTBa upmbl [lay Kemukan KomnaHu.
MpeacTaBneHbl AOPOXHbLIE KOHCTPYKLUUU C TENJSIOU3ONUPYIOLMUMU CITOSSMMU
U3 NeHonnacra B pauoOHax C Ce30HHbLIM NPOMEDN3aHUEM rPyHTOB
U B paioHax ¢ BEYHOMep3nbIMU rPYHTaMM.

[1aHbl HOMOrpaMmMmbl AnA onpenereHns Heo6xoAUMMOMW TOSLWMHBLI Crnos
neHonnacra U AnA pac4yeTta TONWUHbI MOPO303aLUTHOrO CNoS,
3aMeHAEeMOoro nNeHonsTacrom.

NMocobue paspaboraHo BeAywUM crieunanucTtom Poccurickon Pepnepauum
B 06nacTu BOAHO-TEMNJIOBOro pexuma 3eMnsHOro nonoTHa
U MOPO30YCTOMYUBOCTU AOPOXKHOWU oAexAbl, AOKTOPOM TEXHUYECKMUX HayK
PyBuHCKUM BnagneHom UsoTtoBUuyeMm.

The Manual shows problems which can be solved by means of plastic
foam "Styrofoam" produced by the Dow Chemical Company.
Road structures with the plastic foam heat-insulating layers in the regions
of a seasonal freezing of soils
and in those of ever frozen soils are presented.

The nomograms for determining the required trickness of the plastic foam
layer and for designing the thickness of the frost-protective layer
replaced by this plastic foam are represented.

The Manual has been worked out by Viadlen Izotovitch Ruvinsky, Dr. Sc.,
Leading specialist of Russian Federation in the field of the water-and-tem-
perature regimes of subgrades and frost resistance of road pavements.
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