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BBEAEHWE

Hacroawee [Toco6ue paspaboraHo B pazsuTHe TpeGosannit CHull no
ycTpoiicTBy Terumonsonupytomux cnoes [1]. ITocobue no3sonser pemuTs
Lenplid pAz 3a8a4 JOPOXKHOTO CTPOMTEILCTBA 1O 06eCneyeHHIo MOpo30y-
CTOHYMBOCTH HOPOXKHON OHEXKIABI H MPOYHOCTH U YCTORYMBOCTH 3EMIITHO-
rO TOJIOTHA B PaiOHaX C CE30HHBIM IPOMep3aHHeM IPYHTOB M BEYHOMEp-
3NbIMH IpyHTamu. PelieHe 3THX 3ajay npeaaraercs OCYLIECTBIATH C
[OMOUIBIO TETUIOU3O0JKPYIOIHKX CIIOEB U3 NEHOMNACTa.

B ITocoGun npencrasiieHbl KOHCTPYKLMH € IEHOMIACTOM H METOABI HX
pacyera. OnHH KOHCTPYKUHH MOTYT 3aMEHHTh TPalUUHOHHBIE JOPOXKHbIE
KOHCTPYKLIHH, IPYTHE SBISIOTCA €QUHCTBEHHO BO3MOXHBIMHU NPH PELICHHH
3agauyd No o6ecrneyeHHI0 MOPO30YCTOHYMBOCTH MOPOXHOH OMEXKABI M
NMPOYHOCTH M YCTOHYHMBOCTH 3eMiiHOro mnonoTtHa. ITocoOue mo3ssomser
OouLeHUTb 3PPEKTHBHOCTD NPUMEHEHHS KOHCTPYKLMA C MEeHOIUIaCTOM IO
CPaBHEHHIO C TPAIMUHOHHBIMH KOHCTPYKLIMAMH, BKIIOYad pacyeT TOJLIM-
Hbl MOPO303aUMTHOrO CNIOS, 3AMEHAEMOrO INEHOIIACTOM.

B ITocobum naHb! pekoMeHOaLUMu MO BpIGOPY MapKH MEHOIIAcTa AN
YCTPOHCTBA TEIION30MHPYIOWUX clioeB. VMeloTcs JaHHble MHOTOIETHHX
WCNBITAHU#H NeHonnacTa Ha aoporax Poccun Tonbko s Mapxu Styrofoam
npou3soncTea ¢pupmel Jlay Kemuxan KoMnanu. OTH ucnbiTaHuA Mokasa-
JIM, YTO YMOMSHYTBIA IEHOIMIACT MOXHO HMCMOMbL30BaTh JJIA YCTPOMCTBA
TEIWIOH3ONHPYIOLIKX ClI0eB Ha moporax Poccun [4).

B Poccun paspaboTaHbl COOTBETCTBYIOIIME HOPMATHBHO-TEXHHYECKHE
JOKYMEHTHl [1—6], no3Bonsiole NPOBOAMTb CTPOUTENBLCTBO ABTOMO-
GHIBHBIX JOPOT C TEIUIOM3ONMPYIOILMMH CJIOAMM M3 NeHOMIacra Styro-
foam. OtoT neHonnact ceprupuLMpPoBaH MuHcTpoeM P,

B IToco6uu npuBeaeHbl HOMOrPaMMBl, NO3BOJIAIOLIKE ONpEAENIAThL He-
06XOmHMYI0 TOMILMHY CNIOA NMEHOIUIACTA HA aBTOMOGHIBHBIX AOPOrax B
PaiioHax C Ce30HHBIM NPOMEP3aHHEM I'PYHTOB, KOTOPbi€ MOXHO NpHMe-
HATB U1 OnpeneNeHns HeoOXoaUMOM TOMLMHBE CJIOA NEHOMJIACTa B a3po-
noprax. B 3ToM ciryqae clexyeT BKIOYATh B PacyeT JOMYCTHMOE 3HaYeHHE
MyYeHHs TPYHTOB COTNIaCHO HOPMATHUBAM ULl a3pONOPTOB.

Hacrosuee [TocoGue MOXHO HCONB30BATh He TONLKO NPU CTPOUTESIb-
cTBE aBTOMOGMIIBHBIX opor B Poccuu, HO 1 B ctpanax CHI u B rocynap-
crpax IIpuGanruxn.
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1. 3A0AUYN, PEWWAEMbBIE C NOMOLWbIO MEHOMMNACTA

1.1. CHWXeHne TOMLWMNHBI MOpPO303alnTHOIo cnosd

B pailoHax C Ce30HHbIM MpoMep3aHMeM FPYHTOB MX Ny4eHue noj LO-
POXHOI 0feXA0/ He JOMKHO MpeBblWaTh JONYCTUMbIX 3HaYeHul [2]. Ans
obecrneyeHns 3TOro TpeboBaHUA ycTpavBalOT MOPO303aliUTHbIE CAOU U3
KOHAWLMOHHbIX MECKOB, MecYaHO-rpaBMIiHOM CMecK, rpaBus, YKPenaeHHbIX
FPYHTOB U U3 APYTMX HEMYyYMHUCTbIX MaTepuanoB. Ha yyacTkax c Hebna-
rONPUATHLIMU TPYHTOBO-TMAPONIOrMYECKUMU YCNOBUAMU TONLLUHA MOPO-
303alMTHOr0 €08 MOXeT gocturaTb 1 M u 6onee. Ha Takmx yuyacTkax
TPYLHO 06ecrneynTb HEOOXOAUMOE KOIMYECTBO KOHAULMOHHBIX TPYHTOB U
mMaTepuanoB Ans YCTPOCTBAa MOPO303alMTHbIX CoeB. Bo MHormx paiio-
HaxX TakKuUX FPYHTOB W MaTepuanos HeT. [anbHOCTb NEPEBO3KU KOHAULM-
OHHbIX MEeCKOB COCTAaBNAET LECATKN U COTHW KUIOMETPOB.

Puc. 1 KOHCTpYKLUWW [OPOXKHOI OfeX/bl PaBHOLIEHHbIE MO MOPO30YCTOAUNBOCTM

B YCNOBMAX MOCKBbI:
| — NOKpbITUE U OCHOBaHWS [OPOXHOW OfeXabl; 2 — necok; 3 — neHonnacT Styrofoam

YCTpO/CTBO TENMOM30MMPYIOLLEro CMos U3 MeHonnacta no3sonset
Pe3Ko YMEHbLWTb TOMWMHY UAU MOAHOCTbI WCKMKYUTL MOPO303aliuT-
Hbll cnoit. Ha puc. 1 npeacTaBneHbl KOHCTPYKLUUM LOPOXHOW OAexXAbl C
MOPO0303alMTHbIM Cnoem 13 necka (Tun A) 1 € TENI0U30ANPYIOLLUM CNOEM
13 neHonnacTa (Tun B), KOTopble Y0BNETBOPSAOT Tpe6oBaHWAM NO NPOY-
HOCTW ¥ MOPO30YCTOAYMBOCTM B YC0BUAX MOCKBBI [5).

2 3ak. 996



1.2. YMeHblUeHNEe BbICOTbl HacbIMU

B paiioHax € Ce30HHbIM MpPOMep3aHWeM TFPYHTOB BbICOTA HacbInu
JO/DKHA ObITb TaKoM, 4TO6bI HE MPOMCXOLWI0 MEPeyBNaXKHEHWE TPYHTOB
paboyero cnos 3eMAAHOro Noa0THa. BbicOoTa HacbINU 3aBUCUT OT FPYHTOB,
KOTOpble BXOAAT B paboumnii cnoii 3eMAstHoro nonotHa [1]. TonwmHa pa-
6oyero cnos NpuUHYMaeTcs paBHOM 2/3 rny6uHbl NPOMEP3aHUs, HO He
MeHee 1,5 M OT NOBEPXHOCTU MOKPLITUA.

TennounsonupyoLwmnii cio n3 neHomnsaacTa no3BonseT YMeHbLUNTb TO/-
WKUHY pabouyero cnos 6narofapst CHYDKEHUO TNy6yHbI Npomeps3aHus. B
pe3ysibTare 3TOr0 MOXXHO UCK/IHOYUTL U3 paboyero cnos HebnaronpuATHble
FPYHTbI, YTO MO3BONSET CHU3UTL TPeb6OBaHUA K MWHVWMa/IbHON BbICOTE
HacbInu.

Ha puc. 2 npeactaBneHbl MWHMMa/lbHble 3HAYEHWS BbICOT HacCbINK,
KOTOpble HY)XHO ycTpavMBaTb B ApXaHrenbCKol 06/1acTW Ha yyacTKax ¢
rPYHTOBbIMWU BOLaMW Ha YPOBHE MOBEPXHOCTU 3eMM. B ciyyae ycTpoicT-
Ba TPajMLMOHHOM AOPOXKHOW 0feX[bl BbICOTA HACLINX U3 MeSIKOro Mnecka
W1 cynecy necyaHUCTonm AoMKHa 6biTb He MeHee 2,0 m (TN A). B cnyuvae
YCTPOCTBA KOHCTPYKLMKN C TEMION30/IMPYIOLLMM CNoeM, NpesoTBpaLyato-
LWMM NpOMep3aHue FPyHTOB HUMXE MOBEPXHOCTU 3eM/U, BbICOTA HacbInu
LO/MKHaA 6bITb He MeHee 15 m (Tun B).

Puc. 2. MUHUMa/IbHbIE 3HAYEHUs! BLICOT HAChIMU B APXaHrefbCKOl 061acT Npu YCTPOIACT-
BE TPAANLIMOHHON KOHCTPYKLUMUM [OPOXHONA 0fexabl (TN A) U KOHCTPYKLMK C neHonnac-

TOM, NpefoTBpaLLaloLLM NMpoMep3aHue TPYHTOB HWXKe NOBEPXHOCTM 3eMaun (Tun B):
| — [OpOXHas oAexpaa; 2 — NecoK MENKWA 1AK cynecb necyaHucTas; 3 — CYMNecu W CYr/IMHKW Mblne-
BaTble; 4 — neHonnact Styrofoam



Puc. 3. MUHVManbHble 3HAYEHMS BbICOT HAaCbINKM Ha MOYOCTPOBe SIMan Mpy YCTPOICTBe
TPaAMLMOHHON KOHCTPYKLMM 3eMISHOMO NooTHa (TN A) 1 KOHCTPYKLMM C NEHOM/IACTOM,

npeLoTBpaLLaloLLM OTTavBaH/e TPYHTOB HWKE NOBEpXHOCTY 3emam (Tun B):
| — [OpOXHas OfeXaa; 2 — NecoK Menkuii; 3 — NbfOHACbILEHHBbIV FPYyHT; 4 — neHonnacT Styrofoam

MprMeHeHWe MeHomnnacTa MO3BOMSET YMEHbLUMTL BbICOTY HacbInu
M COKPaTUTb TOJLWMHY MoOpo303almnTHOro cnod. Ha pgopore OMCK—
HoBOCMOMPCK MPUMEHEHWE MeHoMnacTa Mo3BOIUIO YMEHbLUNTL BbICOTY
HacbinMm Ha 0,9 M W COKpaTWUTb TOJLMHY MOPO303alUTHOr0 Cnos w3
necka Ha 0,3 ™ [4].

OCHOBHbIM MPUHLMNOM CTPOUTE/ILCTBA aBTOMOOU/BHBIX LOPOr B pai-
OHax C BEYHOMEP3/bIMU FPYHTaMWU SIBSIETCA COXPaHeHWe JSibAOHaCbILLEH-
HbIX FPYHTOB MO MOAOLUBOM HacbiNM B TBEPAOMEP3/IOM COCTOSHUM B
TeueHVie BCEro nepmoga akcnayarauum goporu. MNpu oTTavBaHUM Takux
FPYHTOB OHW TEePSIOT HECYLLYyK CMOCOOHOCTb W AaloT ocafKy, MpMBOAA-
LLYIO K paspyLUeHunto goporn. Ans Toro, 4tobbl He NPOMCX0AUAI0 OTTamBa-
HMe FPYHTOB, YCTPaMBaloT BbICOKYHO HacbIrb.

BbICOTY HacbINW MOXHO YMeHbLUUTL B pe3y/ibTaTe YCTpoWcTBa TEMN0-
N30NMPYIOLLUX CMI0EB M3 NeHonnacta. Ha puc. 3 npeactaBneHbl MUHYMa Ib-
Hble 3HaYeHUS BbICOT HacbINK, KOTOPbIe HY)KHO yCTpamBaTb Ha NoslyocTpo-
Be HAman npu cpoke cayxobl goporu 30 neT [6]. B cnyyae ycTpoiicTea
TPAAVLNOHHBIX KOHCTPYKLMIA 3eMIAHOMO MOJI0THA M3 MEIKOro recka Bbl-
coTa HacbInu Jo/HKHa 6bITb 6onee 2,0 m (Tvn A). B cnyyae ycTpoiicTBa
3eMJISIHOT0 MOJI0THA C TEeM/I0M30/IMPYIOLLMMKN COSIMM W3 MeHoMnIacTa Bbl-
coTa HacbInu o/mkHa 6biTb 1,5 M (Tun B), ncxoas u3 ycnoBms CHeroHesa-
HOCMMOCTW [0POTW.
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1.3. YMeHblleHue rnyobuHbl BbleMKU

Mpu He6NaronpuATHLIX FPYHTOBO-TMAPONOrNYECKNX YCNOBUAX B paii-
OHax C Ce30HHbIM NPOMep3aHMeM yCTpaumBaloT B BbleMKax TOMCTbIe MOPO-
303aluTHbIe cnon (Tun A). Ty e MOPO30YCTOWYMBOCTb MOXHO obGecne-
YNTb YCTPONCTBOM TOHKUX TENAOU30ANPYIOLLMX CNOEB M3 NeHonnacTa (Tun
B). B pesynbTaTe YMeHbLUEHUS TO/LMHbI JOPOXHON OAEXAbl CHUXaeTCs
rny6vHa BbleMKU. MO3TOMY YMeHbLLAeTCs 06beM 3eMNsfHbIX paboT n 06-
NeryarTCca YCN0BUA UX NPOBEAEHWS, 0COGEHHO B NMEPWOJ, BbiNageHNs [0X-
aeil.

Tvn A Tvn B

Puvc. 4. KOHCTpYKLMK 3eMNSHOrO MOM0THA B BbleMKax Ha gopore Omck—HoBocubupek
npy yCTPoiACTBE TPaAULIMOHHON JOPOXHON ogexabl (Tn A) 1 JOPOXHON 0AeXAbl C NeHo-
nnactom (tun B):
| — MOKpbITUE U OCHOBAHWE LOPOXHOW OAEXAbI; 2 — MECOK CpeaHelt KpynHocTh; 3 — neHonnact
Styrofoam

Ha puc. 4 npeacrasneHbl KOHCTPYKUUW 3eMISHOTO MOMOTHA B BblEM-
Kax Ha gopore OMCKk—HOBOCMOUPCK OT NPOEKTHOro KM 38 + 500 A0 KM
76 + 515. [lopora 3anpoeKTMpoBaHa N0 HopmaTuBam | TeXHU4YecKol KaTe-
ropun. B KOHCTpyKumax Tuna A n B fopoxHas ofexpa yfoBfeTsopser
Tpe6oBaHMAM MO MPOYHOCTU U MOPO30YCTONYUBOCTH.

Heobxoanmoe Konn4yecTBo neHonnacTa cocTaBnsetr 840 m3 Ha 1 KM
goporu. bnarogaps ycTpoicTBYy TemnoM30nUPYIOLLEro Cr0s COKpaliaeTcs
KONMYeCTBO KOHAWLMOHHOTO necka (He NYyYMHUCTOro C KO3(P(ULMUEHTOM
unbTpayun 6onee 2 m/cyT) Ha 11920 M3 Ha 1 KM AOpPOrM U yMeHbLUAeTCA
06bemM 3emAsHbIX paboT Ha 24400 m3 — 35400 M3 B 3aBMCUMMOCTM OT
rny6uHbl BbIeMKU Ha 1 KM Joporu.
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1.4. Vicnonb3oBaHMe FPYHTOB MOBbIWEHHOW BA@XHOCTU

Mpy BO3BEAEHUN 3EMIAHOIO MOJIOTHA HY)XHO YN/IOTHATbH FPYHTbI pa-
6ouvero cnosa go Tpebyemoi nnoTHocTu [1]. Mpwu ycTpoiicTBe KOPOXKHOM
ofexXabl C achasibTO6ETOHHbLIM WAN LLEMEHTO6ETOHHbLIM MOKPbITUEM MNJOT-
HOCTb FpyHTa [JO/MKHA OblTb He HUXe cooTBeTcTBeHHO 0,98 m 1,0 makcu-
MasibHOM MAOTHOCTU MO MeTo4y CTaHAapTHOro ynioTHeHuMa no FOCT
22733—90. Takoe yna0THEHME BO3MOXHO TO/IbKO MPW BAAXHOCTU FpyHTa
6/113KOoN K onTuManbHon (Nont). ObecneynTb CTPOKY FpyHTaMu C Takow
BNAXHOCTbIO 6bIBaeT C/I0XKHO. OCOBEHHO 3TO MMEET MeCTO BECHOI nocse
TasHWA CHera n OCeHblO0 B Mepuoj BbinageHns foxaei. MNMpumeHeHue Ten-
NOM30INPYIOLLUX C/I0EB M3 MeHonaacTa no3BonsieT MCMNOAb30BaTb FPYHThI
NOBbILUEHHOW BAIAXXHOCTW ANS YCTPOMCTBaA paboyero €08 3eMAAHOro Mno-
7I0THa MNpPU BbIMO/IHEHUN TPeX YCNOBWIA. Bo-nepBbIX, TUM YBNaXHEHWS pa-
6oyero cnos 3eMNAHOr0 MOMOTHA JOMXKEH ObITb 1-M wau 2-m [1], BO-BTO-
pbIX, TPYHT HaA0 YMJOTHATL A0 MJIOTHOCTU He HMke 0,95 oT mMakcumasb-
HOW, B-TPeTbMX, TONLWMHA MeHonaacta Ao/HKHa ObiTb TaKol, 4YTOObl He
NMPONCXOAMI0 NPOMEP3aHMe TPYHTOB MO AOPOXKHOW ofexaon. Mpu Takmx
YCNOBUSIX HE MPOMCXOAMT MOPO3HOE MyYeHMe FPYHTa, a MPOUCXOAUT TO/b-
KO €ero ycagka B NeTHWI nepuog. B pesynbTarte 3TOr0 rpyHT AOYN/IOTHSAET-
cA 4O MaKCMMasibHOW N0THOCTU W faxe 6osee [4].

Tvn A Tvn B
105 Wonr 1,20 QI
1 W owow
, J 2

Puc. 5. loNyCTUMble 3HAUEHWUS BAAXKHOCTW TSXKENOrO MbleBaTOro Cyr/iMHKa, MPU KOTOPbIX
MOXXHO YMNOTHUTb TPYHT 4O HOPMATMBHbIX BE/IMUYMH MPU YCTPOICTBE TPAAULMOHHOI f0-

POXHOW KOHCTPYKUMUM (TMN A) U KOHCTPYKLMMK C neHonnactom (Tun B):
1— noKpbITUE 1 OCHOBaHWE JOPOXHON 0feXAbl; 2 — NecoK; 3 — TSXKeNblii NbineBatblii CyrnnHoK; 4 —
neHonnacTt Styrofoam; 5 — rcoTekcTub



Ha puc. S ykasaHbl MakCHMAaJbHble 3HAYEHHSA BIIAXKHOCTH TSXKEIOrO
NbLJIEBATOrO CYITIHHKA, MPH KOTOPBIX MOXHO MPHMEHATH 3TOT PYHT I
ycTpoiicTBa paboyero ciost 3eMJIAHOrO MOJIOTHA B CIy4Yae TPaAKMLIMOHHOTO
pellieHHs JOPOXHOH onexapt ¢ achanibTOOETOHHBIM MOKPLITHEM (THM A) H
B CJIy4ae BKIOYEHHS B KOHCTPYKLHIO TETLIOH30IHPYIOILErO CJIOS U3 MEHOo-
miacra (Tun B).

1.5. NosblieHne QONroBeYHOCTU U POBHOCTH NOKPbLITUS

Bo Bpems 3kcrutyaTauuu JOPOrH B paiOHax ¢ CE30HHBIM NPOMEP3aHH-
€M ITPOMCXOJMT KPYIJIOTOMHYHBIH Mpoliecc H3IMEHEHHA IIIOTHOCTU M BJIaX-
HOCTH NYYHHMCTBIX I'PYHTOB. JTOT MpPOLIECC COCTOMT M3 YETHLIPEX OCHOB-
HBIX NEPHOMOB: HabyxaHHe OCeHblO, NyYeHUe 3UMOM, OCafKa rPYHTa NpH
OTTaMBaHHH BECHOW M ycaika NMpH BBICBIXaHHH JieToM. Kpyrioromuunsie
H3MEHEHHS [UTOTHOCTH M BJIQXHOCTH NMOBTOPAIOTCA B TEYEHHE BCETO CPOKA
ciyx6b1 coopyxenus. IIpu 3ToM B pe3ynbTaTe OCaKH M YCaaKH IDYHTOB
B BECEHHE-JICTHUI NEPUOR MOXKET NPOMCXOIMTh HIIM HE IPOUCXOIMTH BOC-
CTaHOBJIEHHE MX Ha4aJIbHOM IUIOTHOCTH, XOCTHIHYTO# NPH CTPOUTEILCTBE
Joporyu. B nocienHeM cnyyae MMeeT MECTO pa3yIUIOTHEHHE TDYHTOB NpH
MHOTOKPATHOM IyYeHHH B TEYEHME LIEJIOr0 PANa JIET, N10Xa UX MIIOTHOCTh
B JICTHHH NEpPHOX He CTaHeT paBHOH "6bITOBOM MiuoTHOCTH" [3).

VYxa3zaHHble NpOLECChl MOMHATHA M OMYCKAHHA JOPOXHOH ONEKIbL
MPOHCXOJAT HEPABHOMEPHO MO ILTOWAnN npoesxed yacTH. OcobeHHO 31O
HMEET MECTO BECHOM, KOra NoA AeHCTBHEM TPAaHCNOPTa YCHIMBAeTCs He-
PaBHOMEPHOCTh OCAJKH Pa3yIUIOTHEHHOTO H BOXOHACHIEHHOTO IPYHTA.
Ipu 3TOM, YeM Gounblue pa3Mep Ny4YeHUs rPyHTa, TeM Oonee HepaBHOMeEp-
HO NPOMCXOIUT NOJHATHE W OMyCKaHHe Mmpoedkeid yacTH. Takoe exero-
HO€ BO3JCHCTBHE HAa JHOPOXHYIO OHEXKAY BIMAET Ha €€ JOJITOBEYHOCTb M
POBHOCTb NOKPBITHS.

YCTpaHUTbL MOPO3HOE My4eHHE — 3TO 3HAMHT YBEJIHYHTD N0/ITOBEYHOCTH
H POBHOCTb MOKPBLITHA. TEOPETHYECKH 3TOTO MOXHO HOOMTBHCH 3aMeHON
NYYHUHUCTBIX TPYHTOB Ha BCIO [IIyOWHY NpoMep3aHus KOHAULIMOHHBIM Mec-
KOM, IeCYaHO-TPaBUAHON CMECbIO, I'PaBUEM, YKDEIUIEHHbIM TPYHTOM M
IPYTMMH HEMyYHHHUCTHIMH MaTepuanamu. IIpaKTHyeckd cmenars 3TO He-
BO3MOXHO B paiioHax, rae rimy6uHa npomep3anus nocruraer 3,0 M 1 Gornee.

VYCTpOHCTBO TENNOM30NUPYIOUMX CIIOEB M3 NMEHOMIACTa MO3BOIAET
NPENOTBPATHTh IPOMEP3aHMe NMyYUHHCTBIX IPYHTOB NOA AOPOXKHOMK OEX-
Zoif. B pe3ynbraTe 3TOr0 yCTpaHAeTCs OCHOBHOH (aKTOp pasylyIOTHEHHA
rpyHTOB paboyero cnos semuaHoro nonorHa. IlnorsHocTs HeHaGyxaroLmx
H caGoHabyXxarouux rpyHTOB NMOYTH He MEHAETCA B NpOLEcCce IKCIUTyaTa-
UMH JOPOTH. BnaXHOCTb rpyHTOB, YIULIOTHEHHBIX 10 HOPMaTHBHLIX 3HayYe-
HUi, TaKKe MeHseTcs Majo. [Ipy TakMx yClnOBHSX Hecylias crnocobHOCT
IrpyHTOB pabouyero cjof He MeHAETC no ce3oHaM roga. Tombko Gmaro-
Iaps 3ToMy (akTopy JONTroBeYHOCTh NMOKPBITHA YBEIMYHBAETCA NpHUMEp-
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Puc. 6. MokasaTenu JoONroBEYHOCTU 1 POBHOCTU MOKPbLITUSA MPU YCTPOWCTBE TPAAULMOH-
HOW KOHCTPYKLMW [OPOXHOI ofexabl (Tun A) 1 AOPOXHON 0feX[bl C NEHOMNacToM
(tvn B):

] — nokpbiTHe 1 ocHOBaHMe LOPOXHOW OAXAbI; 2 — Necok; 3 — rpyHT; 4 — neHonnact Styro-
foam; 5 — reotekcTuib

HO Ha 30 % NO CpaBHEHWMIO C TPaAULMOHHBLIM PELUeHNEM AOPOXKHON KOH-
CTPYKLMKW. TPOJOMKNUTENBHOCT CPOKA CNYXKObl KOHCTPYKLMK € MeHonnac-
TOM 3HAYWTE/IbHO B0JiblUe YKA3aHHOIO 3HaYeHus, TaK KakK He NPonuCXoauT
€XXEerojHoro HepaBHOMEPHOro NOAHATUSA 1 OMYCKaHUA AOPOXHON 0feXAbl,
KOTOpOe BO MHOIOM OnpejensieT 40/ITOBEYHOCTb COOPYXEHMS.

Ha puc. 6 npuBefeHbl AaHHble 0 COOTHOLLIEHUIN MEXAY CPOKaMu Clyx-
6bl nokpbITMA (T, NeT) Npu TPAAULMOHHOM pPeLUEeHUN [OPOXKHOW OAeXAbl
(Tun A) 1 yCTpOICTBE KOHCTPYKLMUM C NEHOMNAcToOM, NpefoTBpaLLatoLLum
npomep3aHue rpyHTOB paboyero cnos 3eMAsSHOro nonoTHa (tun B). Mpu-
BefleHbl faHHble 0 POBHOCTW NOKPbITUA Ha gopore Omck—HoBocnM6upek.
3amepbl npoBoguance nocne 12 neT akcnayaTauum goporu [4].

1.6. PeweHusi, BO3SMOXHble TO/IbKO C NEHOMN/1acToM

OfHOM M3 33jay [OPOXHOW CNyX6bl ABMSETCS yCTpaHeHWe MyuYuH Ha
CYLLECTBYIOLLE CEeTU aBTOMOBULHBLIX 4OPOT. MyunHamMmn Ha3biBaloT fedop-
MaLuuyM AOPOXHbLIX OAEXA U 3eMIAHOr0 MONOTHA, MPOSBASIOWMECT 3UMOIA
BO B3GYrpMBaHWM M NoTepe POBHOCTU MOKPLITHS, @ B NepUOA OTTanBaHus
npw npoeszae aBTOMO6U/EH — B NPOSIOMAaX OAEXAbI, BbI3BAHHbIX CHUXEHN-
eM MPOYHOCTU NepeyBNaKHEHHbIX TPYHTOB.



B ycnosusx Poccuum nNyunHbl Cepbe3HO OCMOXHAKT 3KcnayaTa-
uuo gopor. Ha oTAenbHbIX yyacTKax LOPOruM UX NPOTAXEHHOCTb AOCTM-
raet 30 % wun 6onee. Mo gaHHbIM WMpkyTckrunpogopHWW (1998 r.) Ha
yyacTke goporn TiomeHb—OMCK OT KM 248 o Km 297 umeroTca 7 nyyu-
HUCTbLIX MeCT 06LW e NPOTAXKEHHOCTbIO 6,5 KM. Ha yuyacTke goporu "bai-
Kan" rpaHuua KpacHospckoro kpas — WpKyTcK, oT KM 1689 go km 1712
nmerTcs 10 MYYMHUCTBIX MECT 06LLeil NPOTSHXKEHHOCTbIO 6,8 KM.

bopbba ¢ nyynHamu TpaguLUOHHBIMU METOAAMU BO MHOTMUX cliyyasax
ManoaeKTMBHa, a B pAge cny4vyasx NpocTo HEBO3MOXHa. E[WHCTBEHHO
BO3MOXHbIM pelleHWeM, NO3BONAKWNM YyCTPaHUTb NYyUYUHY, ABNAETCHA YCT-
po/icTBO TENNOM30NMPYHOLLEro €noa M3 neHonnacta. Ha puc. 7 nokasaH
OAMH W3 TakKux cnydvaes. [lopora NPOXOAUT B HacbiNM BbICOTOR 1 M.
MeCTHOCTb paBHWHHasA, NOBEPXHOCTHbLIA CTOK He obecnedveH. Mofg Hackl-
Nblo 3afieraeTt cynecb noinesatad. VIMeoTca noAseMHble BOAbl (BEPXOBOA-
Ka), YPOBEHb KOTOPbIX COBNajaeT ¢ NOBEPXHOCTbIO 3eMnun. nybuHa npo-
Mep3aHMa B OTKPbITOM nose 6onee 1,5 M. Ha fgopore umeroTca Ny4YunHsbl.

Puc. 7. KOHCTPYKLWN [LOPOXHON OAEXAbI C MOPO303aliMTHLIM cnoem (Tun A) 1 ¢ Tennou-
30MPYIOLLMM CIOEM W3 MeHomnacTa (Tun B), KOTOpble paccMaTpUBAINCL NPK PELLEHWN 3a-

[laun No yCTpaHeHUO Ny4uHbl Ha Jopore:
| — MOKPbITUE U OCHOBaHUE [OPOXKHOM OfEXAbI; 2 — MecoK; 3 — rpasuii; 4 — cynecb nbinesaras; 5 —
neHonnact §tyrofoam; 6 — reoTeKCTW/b; 7 — FPYHT CYLECTBYIOLE Hackinu; A — ray6uHa npomepsa-
HNA
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PekoHCTPYKLIMS NYYUHHCTOrO YYacTKa NPENyCMATPUBAET YCTPOMCTBO
HIopoxHoit onexs! ToaumHoi 0,5 M. B cirydae ycTpoiicTBa KONONHHTENB-
HOTO MOPO303alLIMTHOTO CJI0A €ro TONHHA JOkHAa GbiTh Gonee 0,5 M
(un A). Ilpn Takux yCIOBHAX HH3 JOPOXHOW OAEXObl pacroyaraercs
HH)KE TIOBEPXHOCTH 3eMJIH B 30HE BEPXOBOJIKH.

Jnn ofecnieueHus TpeGyemoif JONTOBEYHOCTH KOHCTPYKUMM HYXKHO
OTBOOMTL BOIY M3 CJIOEB JOPOXHOM OJEXK/BI H BEPXHUX CIIOEB 3EMIISHOTO
MOJIOTHA, YTO HENb3s BLINOMHHUTH. HEBO3MOXHO OTBECTH BOJAY B PaBHHH-
HOHl MECTHOCTH, KOIr/la YacTh MOPO303alLUHUTHOIO CIOA HaXOMHUTCA HUXKE
YPOBHS NOA3EMHLIX BOX. IT03TOMY B yKka3aHHBIX YCIOBHSX Helb3sl YCTPau-
BaThb MOPO303alLMTHLIH COH Wi ycTpaHenus nyuuH. Eme 6onbue npo-
THUBONOKA3aHHI HMEET MOPO303aLLUUTHBI CIIOM W3 3ePHUCTBIX MATEPHUAIIOB.
Huke noBEpXHOCTH 3eMJIM OH 3aMOJHEH BOAOH, B PE3YJILTaTe YEro CHHXa-
eTcA Hecyllas CnoCOOHOCTh 3EPHUCTOrO Marepuana. Mopo3o3aluTHBL
CJI0H, 3aTNO/IHEHHBIH BOJOH, HE YCTPAHAET MyYyeHHE, TaK KaK B HEM MpPOHC-
XOIHUT JIb000pa3oBaHue.

KoHcTpyxuus ¢ TEIION30IHPYIOLINM CIIOEM M3 neHomacTa (Tun B) He
HMMEET YKa3aHHbIX HEIOCTATKOB M IO3BOJIAET YCTPAHUTh MYYHHBI Ha JOPO-
rax.

B paiioHax ¢ BeYHOMep3/IbIMH IPYHTaMH MOTYT ObITb TakXke Cily4yad,
Korzaa Hemnb3s obolitick 6e3 neHomnacra. OOHUM M3 TaKUX CIy4aeB SBJIA-
€TCA BBHIHYXJCHHOE YCTPOMCTBO 3eMIIAHOrO MNOJIOTHA B HU3KOM HAChINH
u3-3a penveda MectHocTH [6]. Ecnu He ycTpauBaTh TEILIOM3ONMMPYHOLUMIA
C70}i U3 NEHOMIACTa, TO NPOUCXOANT OTTAWBAHUE JILJIOHACHILLEHHBIX IPYH-
TOB NOJ MMOJOLIBO# HAChINH, BCIEACTBHE 4€ro gopora paspymaercs. [1pu-
MEHEHHE NEHOIUIACTA MO3BOJIAET NPEJOTBPATHTb OTTAHBAHHE IPYHTOB H
COXPaHUThL AOPOrYy.

2. ONPEAENEHUE HY)XXHOW MAPKW NEHOMMACTA

2.1. Ycnosusa paGoTb! neHonnacta B KOHCTPYKUUH

ITeHoriacT B KOHCTPYKUMH NOJBEPraercs BO3NECHCTBHMIO CHJIOBBIX H
npupoiHbIX axropoB. eiicTBUE MOBTOPHBIX KPATKOBPEMEHHBIX Harpy-
30K OT TPAHCIOPTa BhI3bIBaeT AedopMalvu Npy CKaTHH M H3rnbe neHo-
acta. BoszekcTBue npupoaHbIX (paKTOPOB Ha NMEHOIIACT MPOAB/AETCA B
[IPOMOPAXXHBAHHH M OTTAHBAHHM, YBJIAXHEHHH M BbICYLIHBAHHH, HEPABHO-
MepHOM MOIHATHH U ONYCKaHHH TEIUIOH30MIMpYIoliero cnos. Temnepartyp-
HbIH IPaIMEHT HO TOJNILMHE CIIOS TEHOMIACTa JOCTUraeT B yciaoBuax Poc-
cuu 1,5 rpag/cM u Gonee. [leiicTBHe Harpy3ok OT TPAHCIIOPTAa MPOXOJIHT
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B YCIOBHAX, KOrJa BePXHsAA HacTh CJIOS MEHOIUIACTa HaXOMUTCH B TaJIOM
COCTOSHHMH, 2 HIXHSAS — B MEP370M ¥ Hao6opoT. [Ipu TaxoM coBMeCTHOM
BO3ZEHCTBUH CHIIOBBIX M NPHPOAHBIX (JaKTOPOB TPYOHO MOIEIHPOBATh
paboTy NMEHOMNIACTa B KOHCTPYKIMHU.

OCHOBHO# MexaHH3M pa3pyLIeHHA MEHOIUIAaCTa — 3TO YCTAIOCTh Ma-
TepHana. ['naBHbIi KpHTepHi Ha3HAYeHHA HeoOXOAMMOil MapKH NEHOILIAC-
T4 — 3TO Pe3yAbTaThl HATYPHLIX HaG/I0XEHHI.

2.2. AcnbiTaHuA Ha goporax

ITo yxa3auuro Munrpanccrpos B 1983—1995 rogax 6butH npoBefeHbI
ucnblTaHMsA neHonacra Styrofoam mapku HI-50 Ha mopore OMck—HoBgo-
cubupck (pafioH C Ce30HHBIM NpPOMEP3aHHEM) W Ha MEXMPOMBICIOBOI
aBTOiopore YpeHroi -185 (paiioH ¢ BeYHOMeEpP3NbIMH I'PYHTaMH). Y4acTOK
noporn Omck—HoBOCHOHPCK € TETUIOU30NMPYIOWMMHU CIOSIMH U3 IIEHO-
rwracra Styrofoam HaxomuTcs B paiione ropoma UynsiM (4]. DtoT paiion
XapaKTepH3yeTcs CypOBHIMH MOPO3HBIMHM 3MMaMH, XapKMM JIETOM H He-
671aronpyATHLIMH IPYHTOBO-TUAPONIOrHYECKHMHU ycrnoBuaMHU. I1o maHHBIM
I'uapomertienTpa Poccuu TemnepaTypa Bo3ayXa 3MMOH JIOCTHraeT 3/ech
munyc 50 °C, a neroM — mwmoc 38 °C. B nepHOX HCIIBITaHHA NIEHOMIACTa
CyMMa OTPHLATENBHBIX IPadyco-CyTOK cocTaBhwia ot 1133 no 2575 3a omny
3UMY.

Jlopora Ha 3KCIIEpHMEHTANBHOM Y4YacTKe MPOXOOMT Ha MEeCTHOCTH C
HeobecreYeHHbIM [TOBEPXHOCTHBIM CTOKOM. BepXxoBoaka oTMedeHa Ha Iiy-
6uHe 0,5—1,7 M OT MOBEPXHOCTH 3eMIH. 3eMJIAHOE MOJOTHO M3 JIerKoi
MbUICBATOM INIMHBI NPOXOXUT B HAchINU BEICOTOH 1,65 M. ToT xe rpyHT
3aJIeraeT Mo NOoJOLIBOMA Hackimy. JJOpOXHas OEKAA Ha IKCIIEPUMEHTAIIL-
HOM Y4YacTKe UMEET LIEMEHTOOETOHHOe MOKpPBITHE (CM. HUXe). B TeueHue
12 ner nenonnact Styrofoam Haxomuscs B JopoxHO# ofexae. s oleHKH
€ro JONIrOBEYHOCTH ObUIM OTOOpPaHBI 06pa3LB! NEHOIUTACTa ¢ IKCIIEPHMEH-
TaJIbHOro yyacrtka noporu OmMck—HoBocuGupck, koTopsie 6bUIH HCMbITa-
Hel B HMcnbiratensHoMm Llentpe "Crpoiinoymmmeptect”. Pe3ynbraThl 3THX
HCTIBITAHMM NpecTaBieHbl B Tabu. 1.

W3 npusenenHpix B Tabn. 1 maHHBIX MOXHO CHENaTh BBIBOL O
TOM, 4TO INeHomnaacT Styrofoam NOYTH He M3MEHWI CBOM CBO¥iCTBAa B
mpoluecce 3KCIUTyaTauuMu jopord. ITpousouuio Tonexko HEKOTOpoe €ro
CKaTHEe B NEPHON CTPOMTENLCTBA JOPOXHOH onexapl. PesynmpraThl Mc-
NBITAHUH Moxa3anmu, 4ro neHoruact Styrofoam mapku HI1-50 moxHo
NPUMEHATL [ YCTPOHUCTBA TEIUIOM3OMHPYIOLUMX CIIOEB Ha aBTOMO-
O6umbHBIX nOporax. MsmeHwnach HOMEHKIATYpa NEHOIUIACTOB, BBIMYC-
kaemeix ¢upmoit Jlay Kemukan Komnanu: BMecto mapku H1-50 Hyxwo
npumenaTe Mapky FIOORMATE 500.
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TaGnanuna l

Hopmatushuiit 3HayeHHuA nokasaTeel
ROKYMCHT, QMHKO-MCXRHH'ICCKMX
H:::;?me pcmaueny:upylomnn CBOHCTB neHomlacTa
MCTOJ ONPCACIICHHA
noxa3aTesin HavalbHLIC KOHCYHbIC
InotHoCTs, KI/M® DIN 53420 38 43,1
[OCT 15588-86
IIpoyHoCTs Ha cxaTHe nipk 10 % DIN 53421 0,40 0,48
nuHednoit nepopmaunu, MITa
(H/vamd) TOCT 15588-86
Monyms ynpyroct, MIla (H/mm?) DIN 53421 15 19,2
TQCT 23404-86
TennonposomuocTs npu 10 °C, DIN 52612 0,027
B1/(M - K)
TennonpoBogHOCTb B CyXOM COCTO- T'OCT 7076-87 0,0286
auuy npu 20 ° C, Br/(M « K)
TenaonpoBoAHOCTb B BOAOHACKI- T'OCT 7076-87 0,0301
LIEHHOM COCTOSIHHM nipH 20 °C
W BECOBO# BNAXHOCTH, PABHON
4,6 %, Br/(M - K)
Boponoryoliuenne BCero JMcTa, DIN 53434 0,2
% no obbemy
Bononornowenue nocie 300 uuk- DIN 53434 1,0
NOB NPOMEP3aHUA-OTTAHBAHHA,
% 1o o6beMy
BognonornoueHue 3a 24 4, I'OCT 15588-86 0,53
% no obbemy

3. KOHCTPYKUUU B PAROHAX C CE3OHHbLIM NPOMEP3AHUEM

3.1. NMpuHUUNLI NPOEKTUPOBaHUA

KoHCcTpyKuua [OpoXHO#K OAex bl JOJDKHA YAOBIETBOPATE HOPMATHB-
HBIM TPeOOBaHUAM MO NPOYHOCTH, MOPO30YCTOHYHUBOCTH H ApPEHHPOBa-
HuIo [1]. B cooTBETCTBHH ¢ TpeGOBaHHAMH 1O MOPO30YCTOHYHBOCTH HEOO-
XOAHUMO, YTOOHI yYeHUe IPYHTOB NOJ AOPOXKHOM ONeKA0H He MPEBLILIATIO
IOMNyCTHMbIX 3HaYeHHH. B Poccuu momyckaloT Ha Toporax nyyeHue rpyH-
TOB Lyon = 3 cM MIpH yCTPOHCTBE 1EMEHTOOETOHHOTO MOHOIUTHOTO MO-
KpBITHA; L = 4 cM npu ycTpoiicTBe COOPHOrO MNOKpPHITHSA, @ TaKXe MpH
YCTpOHCTBE AOPOXHOI OAEX/b! KAMUTANLHOrO THIA ¢ acHaIbTOGETOHHBIM
noxpbITHEM; L = 6 cM NpH yCTPOHCTBE TOPOXHON ONeX bl 00JIErYeHHOro

15

3*



Tuna ¢ acdanbToOETOHHLIM MOKpbITHEM. [N AOpOr MeXAYHapOIHOro
Kj1acca JOMycTHMOE Iy4yeHHe TPYHTOB MO JIOPOXHOMN OJEXI0# He JOKHO
NIpEeBBILIATD 2 CM.

JlonycTiuMoe 3HaueHHE My4YeHUs TPYHTOB ONpeeNseT 3aKa3uMK CTpO-
KTENbCTB2 aBTOMOOWIIBHOH JOPOrH; OHO He JOIDKHO NpEBBILIAaTh 3Haye-
HMi, NPHBEACHHbIX Bbillie. UeM MeHblle JONYCTUMOE 3HaYeHHe MydeHHs
TPYHTOB, TeM Jy4llle pOBHOCTb NOKPHITHA B Mpoliecce 3KCIUIyaTaUuH O0-
poru u 6ombLie CPOK CIyXObl JOPOKHOHN Ofexabl. YCTPORCTBO TEILIOU30-
JIMPYIOLIETO CJI0A K3 NMEHOIUIACTAa MO3BOJIAET YMEHBIINT MOPO3HOE ITyde-
HHe IpyHTa 61aronaps CHHXEHHIO INIyOMHBI TPOMEP3aHUA 3eMIITHOTO MO-
JIOTHa.

Onpenenenne HeobXOMUMON TOMLMHBI €10 NEHOILIACTA HYXHO NpPO-
BOIMTb U1 KOHCTPYKUMH AOPOXXHOH OREXKIbI, YAOBNETBOPAIOLIEH Tpebo-
BAaHUAM IO NMPOYHOCTH M JpeHHpoBaHuio. TOIUMHY NEHOMIACcTa YCTaHAaB-
JIMBAIOT C YYETOM CPOKa CIIyObl JOPOXKHOH OREXKIbI MEXIY KaNKTaJIbHEI-
MH PEMOHTAaMH, THIIA YBIaXXHEHHsS paboYero cnos 3eMIHOro noyiorHa [1],
riny6HHbI 3ajieraHus NOA3EMHBIX BOJ OT HU3a JOPOXHOH ONEXIbl M FPYH-
ToB. Ilpy 3ayeraHumn rpyHTOB Pa3HBIX THIIOB B Npeesax IIyOUHBI IpoMep-
3aHHA HYXXHO BKJOYAThb B pacyer NOKa3aTelH IPyHTa ¢ Hauboiblilei cTe-
IIEHbIO NYYHHHCTOCTH.

Tennonsonupyrowmui cnoit w3 neHomlacra Styrofoam HyXHoO pacnona-
raTth Ha riaybune He meHee 0,5 M OT NOBEPXHOCTH NOKPBITHA JUIS TOrO,
4yTo6Bl YacToTa 00pa3oBaHUA rOJIONEAMIBI HA NMOKPBHITHH HE MpEBbILANA
10 % no cpaBHEHHIO C y4aCTKOM, HMEIOLIMM TPAJHLMOHHYIO KOHCTPYKLHIO
JOpOXHOM opexasl [3].

3.2. KoHCTpyKUMHU NPU HOBOM CTPOUTENLCTBE

TIpn npoexTUpOBaHMH MOXHO MCNONbL30BaTh 6 OCHOBHBIX THIOB pe-
LIEHHH JOPOXHOH KOHCTPYKUMH C TEIUIOHM3OJHMPYIOLIHM CJI0OEM K3 IIEHO-
ruacta Styrofoam. HyxHoe pelueHne BeIOMPaIOT B 3aBUCHMOCTH OT KOH-
CTPYKLIHH HOPOXHOH OEeXIbl, 3aNpOEKTHPOBAHHOMN 10O yCIOBHAM obecne-
YeHHUs MPOYHOCTH U APEHHUPOBAHUSA, ¥ CTOMMOCTH KOHCTPYKLHMH (pHC. 8).

IIpu oTTanBaHMH MYYHHHUCTHIX TPYHTOB MPOMCXOIHUT HX OCaaKa C OT-
XaTHeM BOJpL. JTa BOJA JOIDKHA OTBOAMTHCS H3-NOM JOPOXHOMN OHEXKIbI.
IToaToMy B xoHCTpykuuy THNA Cp HY)XKHO NPHMEHATH IUTHTHI NIEHOIIACTa,
HMeroLMe npsaMyo ¢opMy KpOMKHM I TOro, YToObl BOAAa MOTJIA MOCTY-
nath B APECHHPYIOMIHIA CJIOH Yepe3 LEIH MEXAy IUIHTaMH. B XOHCTpyKUHH
TUNa B MpUMEHSAIOT IUIMTHI MMEHOMIACTA, UMEIOLIME Na3-BbICTYN WM CTY-
NeHYaTyio ¢opMy XpoMKU. B 3TOM ciyyae TEIUIOM30JIMpYIOWIUHA CIOH U3
TIEHOMIACTA BBINOJIHAET NOJHOCTHIO MM YaCTHYHO GYHKIMIO MHAPOH30IN-
pyIOLIEro cios. B 3aBUCHMOCTH OT MCTOYHHKA NOCTYIUIEHHS BOIBI H YCIIO-
BUii ee OTBOJIA U3 IOPOXXHOH OAEKIBI NPUMEHSIOT IUIUTEI C COOTBETCTBYIO-
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L (hOPMOI KPOMKM 151 OCTa/IbHbIX KOHCTPYKUMIA, NMPeLCTaBeHHbIX Ha
puc. 8. TonwmnHa APEHNPYHOLLENO CMost 3aBUCUT 0T KoadhduumeHTa punbT-
paumm necka. Mpu 3 m/cyT 1 60/1ee MUHUMaIbHAS TOMLLMHA LPEHUPYIOLLe-
ro cfos B KOHCTPyKuUmu Tuna C2 coctasnseT 20 cM, Npu KoadduumeHTe
uibTpaumn mMeHee 3 m/cyT — 25 cm.

Ha pvc. 9 nokasaH momepeyHblid Npounab JOPOXHOM KOHCTPYKUMK
Tvna Ci (pasvepbl gaHbl B MeTpax). Takas KOHCTPYKLUUS MOCTPOeHa Ha

popore Omck—Hosocnbupcek [4].
Tennonsonupyrowmii  cnoi M3 neHonjacta A0/MKeH ObiTb LUMPE

npoeaxen yactm Ha 0,5—15 M gna M30/A9UMM FPYHTOB MOg LOPOXKHONA

Puc. 8. OCHOBHbIE TUMbI KOHCTPYKLIMI [OPOXHOW OfieXAbl C TEMNOU30NPYIOLLUM CNOEM
13 neHonnacta Styrofoam, npymeHsemble NP HOBOM CTPOUTENLCTBE:
1 — NOKpbITUE W OCHOBaHWE AOPOXHOI 0feXAbl; 2 — C/OW OCHOBaHUS W3 LEMEHTOGETOHA; 3 — MeHo-
nnact Styrofoam; 4 — ApeHMpyrOLLWMIA COI M3 Necka; 5 — NpoTKBO3anINBatoLLas Npocnolika U3 reo-
TEKCTUNS; 6 — ApeHMpytoLias NPOC/oiiKa 13 re0TEKCTUNS; 7 — BblpaBHUBAIOLWMIA CMOI U3 Necka
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Puc. 9. Monepeunsiit npoduns KOpoXHOA KOHCTPYKUKH THna C:
1 — 3aceB Tpas MO CNOK PACTHTENBROCTH IPyHTa ToMuHHOA 0,15 M; 2 — weGenouHsIi MaTepHaN

(0,1 M) ¢ pazmBom 6uTyma (1,5 /M Y); 3 — uemenroberon (0,24 M); 4 — tiieBenn, ykpemiensiit 6 %
uementa (0,21); 5 — necox (0,20 m); 6 — nexonnacr Styrofoam (0,10 M); 7 — reorexcTHIs "HOPHUT™;
8 — IpyHT (TMKHa nerxas nsuUieBaTas)

onexIoit oT HeiicTBHA Xonona co cropoHbl o6oumH. B ciyuae Hemo-
MYLIEHHS NPOMepP3aHUs TPYHTOB M0 MOPOXHOH OHEXIOM 3TO 3HaueHHE
cocrasnger 1,0—2,0 m.

Oco6eHHOCTH NpOM3BOACTBA paboT 3aK/IIOYAIOTCA B CIIEAYIOLUEM.
IInuTel NeHomnacTa yknaablBaloT Ha NMECOK WM reorekcrwib. Ilpeasapu-
TEJIBHO NECOK YIUTOTHSIOT U BHIPABHUBAIOT, TaK K€ KaK M IPYHT 3eMJITHOTO
MOJIOTHA MO reoTekcTHieM. [INUTHI JOJKHBI OMUPATHCA MO BCel IUTOLIaAH
Ha MECOK MM reOoTeKCTWIb. [la ynepxkaHMA KaxJIOd IUIMTBI Ha MecTe
HCIONB3YIOT MMHHMYM [(BAa JAePEBIHHBIX KOJIBILIKA, 3a61BaeMBbIX 3aNOMIH-
1O C NMOBEPXHOCTBIO TEIUIOM30IHpyIouero cnos. Pa6ora crpoutensHoro
06OpyAOBaHus HEMOCPEACTBEHHO M0 TEIUIONU30JIHPYIOLIEMY CIIOI0 U3 TEHO-
IU1acTa He qomyckaerca. B xoncTpykuusx Tuna B u C neppplif Hax niamra-
My Styrofoam cioii necka HyXHO OTChINATh Ha TOJILMHY He MeHee 0,2—
0,25 M B r1oTHOM Teute crnocoboM "ot cebs”. Tomuuna cnos necka 3aBUCUT
OT THNA YIUIOTHAKOWMUX cpeacTB. ITocne yIUIOTHEHHs 3TOrO CNOSA Hecka
MOXHO NMPHAEPKUBATHCA OOBIYHON CTPOUTENILHON MPAKTHKH.

B koHCTpykuusax THna A UEMeHTOOETOH MOXHO YKJIAAblBaTh HEMO-
CPEICTBEHHO Ha IUIMTHI NeHomnacra Styrofoam.

3.3. Kohcrpyxuuu NPU PEeMOHTE U PEKOHCTPYKLMH

PEeMOHT (PEKOHCTPYKLIHIO) MYYHHHCTOrO y4acTKa JOPOrH HYXHO Npo-
BOIHTh TakuM 06pa3oM, YTOOBI NoC/Ie 3aBepIIEHH CTPOUTENbHBIX paboT
BBINOJIHAIMCD ClleyIouue TpeOORAHUA:

nyYeHHe IPYHTa B MECTaX CONMPSKEHUA CO "3MOPOBBIM" YYacTKOM
JOpOrd NOJDKHO OBITh PaBHO 3Ha4eHHIO NMy4YeHHSA Ha 3TOM "3nopoBoM"
y4acrke;
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Ny4YeHHe TPYHTa B CpefHe# 4acTH PeMOHTHPYEMOro (pPeKOHCTpyHpye-
MOr0) y4acTKa JOPOTH He JOJDKHO MPEBLILATD JOMYCTUMOro 3HaYEHHA AJiA
NPUHATOrO THNA NMOKPBITHA;

MHTEHCUBHOCTb H3MEHEHHUA Ny4eHHA IPYHTA MO JUINHe PpEMOHTHPYEMO-
ro (peKOHCTPYHPYEMOI0) y4acTKa AOPOrH He JOJKHA MpeBbIIATh JOMYC-
THMOTO 3HAYEHMUA.

ITpu BeINONHEHHH 3THX TpeGOBaHMil MOBBHILIAETCA AOJTOBEYHOCTD HO-
POXHO# OfEeXIbl ¥ NPeJOTBPALlAeTCs MOABICHNUE TPEIUH B NOKPHITUY B
MECTax CONPSXKEHHS CO "3XOPOBLIM" YYaCTKOM AOPOTH M3-3a pasiu4Hii B
pasMepax ny4YeHHs IPYHTOB.

Ha nonxoze x 3X0poBoMy y4acTKy JOpPOTH HYXHO yCTpPauBaTh Iepe-
XOJIHYIO 30HYy C NepeMeHHOR TomummMHO#i cnos nexonnacra. nuua srtoit
30HBI (B METpax)

Iy = (Lpon — hnon(o)) / im, )

rie Lpon — OOMyCTHMOE 3HaYeHHe NyYeHUs PyHTa Ha y4yacTKe PEMOHTa (peKOH-
CTPYKLUHH) ROPOTH, CM; Anyy(o) — 3HaUYEHHE MyYeHHs FPYHTa HA "310POBOM" yyacTke
JIOPOTH, CM; iny — HONMYCTHMasA WHTEHCHBHOCTh M3MECHEHHMA NYyYCHHS IPYHTa MO
JUTHHE NepeXoaHOH 30HBI, CM/M.

B pacuyer cieayer BKIIOHaTh CIAEAYIOLIME 3HAYEHHA iy, 0,1 cM/M mpu
ycTpoiicTBe LIeMEHTOGETOHHOTO MOKphITHA, 0,2 CM/M NPH YCTPOHCTBE ac-
(anbT0GETOHHOrO NOKPHITHA.

Ha y4acTke ¢ nyynHaMH FPYHT Pa3ynJIOTHEH M NepeyBlaXHeH. PeMoHT
(PeXOHCTPYKUMIO) 3TOTO0 y4acTKa HaYMHAIOT C BOCCTAHOBJIEHUA Hecylue
CocOGHOCTH 3eMIISIHOTO MOJIOTHA. DTO OCYIUECTBIAIOT OAByMs COCOGaMH.
IepBblif cnoco6 — 3T0 yAaneHHe nepeyBNaXHEHHOro W pa3yIuIOTHEHHOTO
FPYHT2 M 3aMeHa €ro APYrMM FPYHTOM C NMOCHEAYIONIMM YIUIOTHEHHEM AO
HOpMaTHBHO# MIOTHOCTH. BTOpOii cmocob npeaycMaTpHBaeT yKJIanKy nox
JOpOXHOH onexmoi apMupylouleif Npocnoiikd K3 reoTekcTwis. B atoMm
ciryyae He TpebyeTcs yaaneHHe FPYHTa, a HyXHO €ro YILUIOTHEHHE C MOBEpX-
HOCTH 10 MaKCHMaJbHOIo 3HaYeHHs, COOTBETCTBYIOWIETO €0 BIAXKHOCTH.
IIpn npuMeHeHHH nepBoro cnoco6a MOBLILIEHHA HECYIIEH CMOCOOHOCTH
3EMJIIHOI'O IOJIOTHA MOXHO YCTpPauBaTh Ha NMYYHMHHUCTOM Y4YacTKe KOH-
CTPYKUHMH JOPOXHOH ofexipl, noka3aHHble Ha puc. 8. [Ipn npuMeHeHHH
BTOPOro cnocofa MOXHO NPUMEHATL T€ XK KOHCTPYKUMH, HO C JIOMOMHHU-
TENbHbIM YCTPOHCTBOM MO HUMH apMHUPYIOILEH NPOCIOARKH U3 FEOTEKCTH-
s tana "Typar” mapku 3857.
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3.4. PacyeT TonwuHbl CRnoa neHonnacrta

Jins pacyera HeoOXOAMMBI CIIEAYIOLIME UCXOJHBIE NaHHBIE: reorpadu-
YECKOE MECTOMONIOKEHUE PACCMATPUBAEMOrO Y4acTKa JOPOTH; KOHCTPYK-
UM JOPOXKHOM ofex bl (HAaUMEHOBaHHE H TOJILIMHA clloeB) 6e3 Temnouso-
JIMPYIOUIEro ClIoA, HeoOXoauMas Mo YCIOBMAM HNPOYHOCTH M JPEHUPOBa-
HHA; THN yBJIaXHEHHs paGoyero cios 3eMisHOro nonotHa (1, 2 wau 3) u
r1ybHHa 3ajeraHus NOA3EMHBIX BOR OT HH3a MOPOXHOH OREXIbI; HauMe-
HOBaHHE PYHTA 3€MJISTHOTO NOJOTHA.

Pacyer TomuuHbl Tenousomupyowero cuos (h;), ¢M, MPOBOIAT B
ClIeqyIolIeM MopsAJIKe.

1. Onpegensator no xapre (puc. 10) HoMep HIOIHHHH, KOTOPas MPOXO-
AT Yepe3 paccMaTpHBaeMslii yyacTok fopori. [Ipu pacnonoxeHuu yyact-
Ka MEeXJy M30JIMHHAMH ONPEACIAIOT HOMEPA ITHX JIBYX W3OIMHHH.

2. BbIYHCIAIOT TepMHYECKOE CONMPOTHUBIIEHHE JOPOXHOM onexasl 6e3
TeNon3oMpyIoLero cios, M2-K/Br

f= oy

Rox(o) = E hon(i/ hon() » 2
i=]

LAE Nog — YHCIO KOHCTPYKTHMBHBIX CJIOEB JIOPOXHOH OREXIB! 6€3 TErUIOH30NHDY-
I0Wero ciiofl; hox) — TOMIUMHA OTAENBHOTO CJIOf, M; Aox() — Ko3bhduLHMEHT
TEMUIONPOBOJHOCTH OTHENBHBIX CJIOEB B MEP3JIOM COCTOAHHH.

B pacder ciaeayer BknodaTh (paKTHYecKHE 3aMepeHHble 3HaYeHus
Aon(iy TIpY OTCYTCTBHH TaKuX AaHHBIX NOMYCKAETCS BKIIOYATh B pacyer
Tabnu4HbIe 3Ha4eHUs Aoy [2]. JIna HekoTOpbIX MaTepuanos Aop(j) HMeET
crexytomue 3Havenns: 1,74 Br/(m-K) na uementoberona, 1,40 mns mior-
Horo acdaneroberoHa, 1,25 mia nopucroro acdansroberona, 1,86 mia
mebns u3 rpaHuta, 1,39 mia weGHA M3 U3BecTHsKA, 2,10 mid rpaBuitHoO-
necyaHoif cMecH, 2,00 ms necka.

3. OnpenensioT 3HaYeHHEe MOKA3ATENA MYYHHHCTOTO rpyHTa Cpyy
(tabi. 2). K cpeaHeny4MHHCTHIM rPYHTaM OTHOCATCA CYyNech MecuyaHucTas,
CYIJIHHOK JIETKHit MECYaHUCTRIH, CYIJIMHOK TSKENbIH IeCYaHHCTEIN, IIIHHA.
K CHIIbHOIIYYHHUCTBIM IPYHTAM OTHOCATCA MECOK MBLIEBATRIMH, CYIECh MEI-
JeBaTas, CYIJIMHOK TAXeNbld nbuieBaThiif. K 4Ype3sMepHO NMy4YHMHHCTBIM
IrPYHTaM OTHOCSATCS CYIECh MbUIEBATasA C COAEPKAHHEM MECYaHbIX YACTHIL
MeHee 20 % Macchl, CYTJIMHOK JIETKHi NbLIeBaTHIM.

IMpu HaIM4YKHKM TPYHTOB OCOOBIX Pa3HOBHIHOCTEH M MpH HEOGXOAMMOC-
TH 6oJiee TOYHOTO ONpeeeHUA 10Ka3aTeNd NyYUHUCTOCTH CIIeAYeT Orpe-
JeNATh CTeneHb myuynHucTocTH rpyHTa no FOCT 28622-90.
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4. OnpenensioT 3HaueHHe xodpduumenta C,, yYMTBIBAIOLIErO BIUSHHE
JaBJIEHHA OT Beca HOPOXKHOM OJEXIBI B MEP3NbIX CI0EB 3EMIIAHOrO NOJIOT-
Ha Ha 3Ha4yeHHe MY4YEHHA IPYHTA. DTOT K03PPHIHEHT YCTaHaBIHBAIOT 11O
Tab1. 3 B 3aBUCHMOCTH OT TOJIUHMHBI JOPOXHOK ONEXIbI /iy, M AOMYCTH-
MO#i TJTyOMHBI IPOMEP3aHHA 3EMJITHOTO MOMOTHA App(non)-

ITpu TomuuHe ROPOXHON OEXIbI MEHbLIE WIH 60/bie yKa3aHHBIX B
Tabn. 3 cneyeT npHHUMATh 3HadeHHe Cp 110 MHTEPMOIALHH COOTBETCTBY-
JOIUHX BENHYHH.

IlepBoHayasbHO HYXHO mNpHHHUMaTh 3HaueHHe C,, COOTBETCT-
Bylolllee JOMyCTHMOR IIyOHMHE NpoMep3aHHs 3EMIAHOro nojorHa ot 0
no 50 (100) cm.

enpincy oBanss
© Mgrunoropex

J6HAKCH
AETANA

APATAHAA

b ~] so
‘w\ AWXABAR ¥ n
TAUKBIOAGHUIRERY, Z/

o
TTTTTTYTTYT ANHA-ATA
! AVUAHEE fik-at

BARY
panscx

60 2 [ 100

Puc. 10. Kapra ¢ H3onnunamu ans onpeaenenus TpeGyeMpiX 3HaYeHHI TEPMUUYECKOTO CO-
NPOTHBIIEHHA JOPOXHOR OxeXIbI:
1— X — Homepa mionuuuil; | — rpannua CIUIOLIHOMO PACNPOCTPAHEHHS BEYHOMEPMILIX [PYHTOB;
2 — TO x¢ OCTPOBHOTO (ryGHHOR fo 25 M); 3 —— ceBepHbI NONAPHBIE XDYT
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5. OnpenensaoT no Tabn. 4 3HayeHHA ko3pduunenton K, yUHTHIBA-
IOIEr0 CPOK CIYXObl HOPOXKHOH ONEXIBI, H Kypy, YYHTHIBAIOLIErO THII
yBIIaXHEHHUS paboyero Clos 3eMJIAHOrO MOJIOTHA.

3nauenue koapduumenta Ky,; HyXHO yMEHbIIATb Ha 5 % MU pacno-
JIOXEHHH TOPOTH B 10XHOH noxsoHe I JopoXkHO-IUIMMATHYECKOH 30HBI, Ha
10 % — npu pacnonoxenuu goporu B 111 1opoXHO-KIHMATHYECKOH 30HE
u Ha 15 % — npu pacnonoxexuu aoporu B IV 1opoxHO-KIMMATHYECKOA
3oHe {1].

a hnpigon) €™
| ?
150 Jdom
] 1
[ 20mM

~

/

/_

—

[—

[ ———
~

Z T~ _U ///7/1.5/4

FI ) Vi

a1 ] AL

pasaren AN A

NI A
i A
/] 111 /a

A // | A-f

'/l

T~

\

~—]
P

/
A S iARI

3228 24 20 16 12 08 04 0 10 20 30 40 50 60
Ro‘(rp)/(lf,ﬂ “Kyaa)s 41°K/B7 L;wn/(cnyv' Cp)cm

Puc. 11. HoMorpammel na onpenencHus TpeGyeMOro TEPMHYECKOro COMPOTHBICHHA
HoT6

l— X — nomepa wionuuui Ha xapre (cM. puc. 10); 7 — xpHBas pacyera ana 1-ro # 2-ro THNOB
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6. Ycranasnusator no HoMorpamme (cM. puc. 11) TpeGyemoe TepMu-
4ECKOE COMPOTHBIICHHE IOPOXKHON ONEXAbI R qrp). [/ 3TOTO BBINONHSAIOT
CJIeYIOLIHe ONnepaunH;

BBIYHMCIIAIOT 3Ha4eHHE BLIPAXEHHs Lyon/(Coyy Cp);

ONpEJENsIOT N0 HOMOrpamMe 3Ha4eHHe hypron) B 3aBUCHMOCTH OT
3HAYCHHA BoIpaxeHH Ly, / (Cryy Cp), THNA yBNaXHEHUS paGoyero crost
3eMJITHOrO ITOJIOTHA H INIyOHHBI 3aJIeTaHHA TMOA3EMHBIX BOJ (HY’ M) OT

HHM32a JOPOXHOH OIeXIbl;

6) hnp(agn).cr’ 3,0” 2.5" 2.0” ,{“=’,5ﬁ
111/
V /
T / L,
frd << ] 250 l I / 4 1.0m
\\\ [ 4 1/ 17
m I / A
/ [/ ATV PUEL
il [/ ]
11/ / V
Z‘\ l' [' d a4
.
e 150 [/ A
)irad i LA
m 1/ [ )4
Jid 71717 /
eSSy 100 [
/ A1/

Y TN
16 12 08 g4 0 6 10 1% 18 22 26 30
Roatror/ (KogHygp), M2H/BT Laon/(CnyiCp), cn

HOPOXHOI ONEXIB! R oprp) MpH 3HaueHuax L gon/( Cnye Cp) o1 0 110 6 cM ( @)
po 30 cm ( 6):
YBNaXHCHHS paboucro cios 3eMANHOTO NONOTHA
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Tabaunua 2

3uauenus noxasarens Cny Ui TPYHTOR:

CpeHENYYHHHCTHIX CHILHONMYYHHHUCTEHIX 4YpeIMEPHO MYYHHHCTBIX
1,0 1,5 2,0
Tabnuua 3

3nauenne xoapduumenTa Cp B 3aBHCHMOCTH OT TOMUIKKBI ROPOKHOHA
onexast ( Aoz, M} H IOMYCTHMO# rTyOHHBI NPOMEP3aHHS IEMIIAHOTO
nonotHa {(fnp(on), CM)

[pyur hox = 0,5 hon = 1,0 hon=1,5 hon = 2,0

honigony haptzony haptaon) haptaon
0—50 5&6 >100 ?0_0 >100 ?0_0 >100 ?& >100
TMecox nbuUIeBATHIH 0,60 | 0,55 (0,50 |0,50 {045 | 045|040 | 0,40 10,35
Cynecs necuanucran 0,70 ) 0,65 ] 0,60 | 0,60 { 0,55 | 0,55 | 0,50 | 0,50 | 0,45
Cynech neulepaTas 0,75 ) 0,70 | 0,65 | 0,65 | 0,60 | 0,60 | 0,55 | 0,55 | 0,50

CyrnuHox nerkui necya-| 0,80 | 0,75 | 0,70 { 0,70 | 0,65 | 0,65 | 0,60 { 0,60 { 0,55
HHCTULIH, CYTIIMHOK JIerKHHA
nbi1eBaTbli

Cyrimsok Txensli necya- | 0,85 1 0,80 | 0,75 | 0,75} 0,70 | 0,70 | 0,65 { 0,65 | 0,60
HHCTBIA, CYTTIHHOK TAXe-
JIbiii MbUIEBATHIA, IIMHA

TaGnuua 4
3nauenne xorddunventa Kyn
Houep 3"“&’§§§i§3§“3‘;?§$%2::%§1.;}2‘3.ff:,ffui?.’i’.i‘ﬁ“ I e i
Ha KapTe noa0THA

(ew- prc. 10) meee 10 ger 10 nter 20 ner ymiﬂs MR yzn:xfumr:m
I 0,70 0,85 1,0 0,85 1,0
I1 0,70 0,85 1,0 0,65 1,0
11 0,80 0,90 1,0 0,55 1,0
v 0,80 0,90 1,0 0,45 1,0
\4 0,30 0,90 1,0 0,40 1,0
Vi 0,30 0,90 1,0 0,35 1,0
ViI 0,80 0,90 1,0 0,30 1,0
Vil 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 1o Tabn. 3 3Hayenue Cp, B 3aBHCHMOCTH OT App(non);

BHOBb BBIYHCIIAIOT 3HaueHue BoIpakeHus Lo /(Coyy Cp);

YCTaHaBJIMBAIOT O HOMOrpaMMe 3Ha4YeHHE BBIPAXEHHSA Ron(rp)/(Konx
XKypy) B 3aBUCHMOCTH OT Lyon/(Chyy Cp), THNA yBIaXHeHHs pabouero
CIOs 3eMIIIHOTO MOJNIOTHA M [IYGUHEI 3aNeraHuA MOM3EMHbIX BOX (H,) oT

HU32 JIODOXHOH omexabl U HOMEpa H30JIMHMH Ha kaprte (cM. puc. 10),
KOTOpas NPOXOJHUT Yepe3 pacCMaTPHBAEMBIH Y4aCTOK JOPOTH;
BBOZIAT B BLIPAXKEHHE R i)/ (Kox Kypn) 3HaUCHNA KOIQPUIIMEHTOB Kop
U Kyg; ¥ BBIYHCIIIOT HCKOMYIO BENHYMHY Rop(rp)
pH rayOHHE 3ajeraHua NoA3eMHBIX BOJ, Ha y4acTKe HOPOrH, OT/IHYa-
olIeHCs OT YKa3aHHBIX Ha HOMOTPaMMe, HYXKHO ONPEAEIATh ABa 3HAYCHUA
Rop(rpy: OMHO — mpH 3HaueHuu H, Ha HoMorpamme Gomee, a apyroe —

hp.cr
15 <
" ‘&.\k%,
72 Ay
7 /// /\QJ//
10 Z,/ ‘//';/ A
0 AN S
=SSN
7 { // /; /71
5 J/;:f// 4/1//\‘ 4
5 7V
: 7
’ 444
2
1

04 06 08 10 12 14 16 18 20 22 24 26 2,8 30 32 34
Raatrp)s 11 /87

Puc. 12. Tpadux ama onpenenenus HeoGxoaMMoil TOMUMHEI ci1og meHomIacta Styrofoam:
R oarp) — TPEOYEMOC TEPMHUECKOE CONPOTHBIIEHHE NOPOKHOM ONIEKAN; R oafo) — TEPMHUECKOC CONPO-

THBMeHHE A0pOXHOH onexrl 6e3 cos neHonacta
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TpH 3HaYeHuu H, Ha HOMOrpamMe MeHee rilyGMHbI 3aNleraHus MOA3EMHbIX

BOA Ha yuyactke. Hickomoe 3naueHue Rgyqp) YCTAHAaBIMBAIOT METONOM
MHTEPNOMNALMH MEXIY COOTBETCTBYIOLUIMMH BETHUMHAMM.

7. YcraHaBnuBaloT no rpaduxy (puc. 12) Heo6xoAMMYIO TOMIMHY CII0S
NEHONIIACTa hy,, B 3aBUCHMOCTH OT Ryp(o) M Rop(rp)-

Ipu pacnonoxeHnn paccMaTpHBAaEMOro y4acTKa JOPOrH MEXY H30-
JIMHHAMH Ha KapTe (cM. puc. 10) onpenendioT JBa 3HaYeHus h,, COOTBET-
CTBYIOLIMX 3THM H30JHMHHAM, HCKOMYIO TOJNIIMHY TeIUIOH3ONHPYIOILEro
CJ105 ONPENEIAIOT METOLOM HHTEPNOJIALMH B 3aBHCHMOCTH OT PAcCTOSHNSA
OT PacCMaTpPHBAEMOrO y4acTKa JO OFTHON M3 H3OIHHMA.

3.5. PacyeT BennuMHbI Ny4YeHUN IrPyHTa

Jns onpeneneHus 1o ¢opM. 1 JUIHHEBI IepeXoHON 30HbI C ePEMEHHOH
TOJULUKMHOM CJI0A MEHOIIACTA HYXKHO 3HATh BEIMUKRY Apyy(o) MYUEHHS IPYH-
Ta Ha "300pOBOM" y4yacTke JOPOrd. 3HaueHHe ITOH BeNHYHHBI YCTAHABIIHU-
BaIOT 110 HOMOrpamme (cM. puc. 11).

Ilo cpaBHEeHHIO C H3JIOKEHHBIM B I1. 3.4 pewaercs oOpaTHas 3ajava.
HckoMbiM 3HaueHueM ABISeTCS Lyon = Agyy(o) MPM H3BECTHOM 3HAYEHHH
Rop(rp)» PaBHOM TEPMHYECKOMY CONPOTHBIICHUIO MOPOXHOH OAEXIBI Ha
"30pOBOM" y4yacTke JOPOTH.

4. KOHCTPYKLIMU B PAKOHAX
C BEYHOMEP3/ibiMKA FrPYHTAMU

4.1. MNpvHUMNblI NPOEKTUPOBAHUA

B paiioHax ¢ Be4HOMepP3NIbIMH IPYHTaMH YCTPaUBaIOT JOPOTH C TEILIO-
H3ONIMPYIOLIMMK CI0SMH M3 MEHOIUIacTa Mii Toro, 4yrobsl obecrneuuTs
NPOYHOCTb ¥ YCTORYMBOCTH 3eMISIHOTO MOJIOTHA. 3TO JOCTHraercs 6iaro-
Iaps COXPAHEHHMIO FPYHTOB €CTECTBEHHOIO OCHOBAHMA B TBEPAOMEP3NIOM
cocroaruH (1-# KiIacc KOHCTPYKLMIL), a TaKKe ITOMY e MEPONPHATHIO B
COYeTaHUU C COXPaHEHHEeM FPYHTOB HacCbIM B TBEPAOMEP3NIOM COCTOSAHHH
(2-it xnacc KOHCTPYKLMIA).

OnHUM M3 ycnoBHit 06ecneyeHHs TaKoro COCTOSHHA TPYHTOB ABIIAETCA
WCTPOHCTBO 3eMJIAHOrO MONOTHA 3HMOH, KOrAa OCHOBAHHE HACbIH NpO-
Mep3aeT Ha riy6uny Gonee 30 cM. JIpyruM ycioBHEM ABIISETCS YCTPOHCTBO
TEIUTOH30JIMPYIOLIEro IO U3 MEHOMIACTa, KOTOPbIH MpeaoXpaHseT rpyH-
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Thl OT OTTaHBaHHA B TEYEHHE BCEro Cpoka ciayx6sl noporu. O6BIMHO 3TOT
cpokx paseH 30 ropam.

[ coxpaHeHHs TDYHTOB B TBEPIOMED3JIOM COCTOSHHM B TeyeHHE
yKa3aHHOrO CpOXa HY)XHO NPHHHMMATh B KaYeCTBE PacYeTHOrO rofia Hau-
6onee Temnklit rox mosTopseMoctsio 1 pa3 B 30 ner. JnA ycTaHOBJICHHA
3TOTO Tofa HYXXHO OMPERENHTh CYMMBI NMOJOXHMTENbHBIX I'PaZyCcO-CyTOK,
OTPHLATENBHBIX IPANyCO-CYTOK H MX PE3yJbTHPYIOLIEE 3HaYeHHE IS Kaxk-
Joro roja 3a cpok He MeHee 30 net. Ilo 3TUM HaHHBIM yCTaHAaBIMBAIOT
HCKOMBIH Haubonee Terbld rox.

Tomuuny cmos meHonnacra, HeobXOOUMYIO Ij11 COXpPAHEHHS TPYHTOB
B TBEPAOMEP3NIOM COCTOSIHHHU, OMpEIENAIOT TEIUIOTEXHHYECKUM PACYeTOM,
B KOTOpBI BKIOYAIOT CpemHeMeCAYHbIE 3Ha4YEHHA TEMIEpaTyp BO3MyXa,
KOTOpbIE HMENH MeCTO B Haubolee TENIOM rofy, a TaKXe IJI CPEIHEMHO-
ronerHero roaa. Pacuersl nposoasT B 2 31ana. BHauane ycraHaBnuBaIOT
3HaYeHUS TEMIIEpaTyp B JOPOXHOH KOHCTPYKLMH IJIA CPeTHEMHOr OJIETHE-
ro rosa. 3aTeM ONpelensioT 3HaYeHUA TeMNepaTyp Ui Haubolee TEIUIOro
rosa noBTopaeMocTbio 1 pa3 B 30 ner. B aToM cryyae B xayecTBe Hayanb-
HBIX TEMIEPaTyp B JOPOXHOH KOHCTPYKIMHM NMPHUHHUMAIOT JaHHBIE, MOy~
YeHHble [UIA CpefHeMHoroyietHero roga. IIpH pacyere TemnepaTyphl B
KOHCTPYKLMH HYXHO YYHMTHIBATh HAHHbIE O TEMNEPaType IPYHTa eCTecT-
BEHHOTO OCHOBaHHA Ha IiybnHe He MeHee 10 M OT MOBEPXHOCTH 3€MIIH.
JUts onpeneneHns TeMIepaTypsl MOBEPXHOCTH MOKPHITHA Mpoe3xeil 4acTH
H 060YHH, MOBEPXHOCTH OTKOCOB H IOJOCH! OTBOJA B Pacyer BKJIOYAIOT
JaHHbIE O CONIHEYHOM pafiMaLiK, CKOPOCTH BETPA M CE30HHBIX H3MEHEHHAX
BBICOTHI M IUIOTHOCTH CHEXHOIO IOKPOBA.

4.2. Tunbl KOHCTPYKUWUA

IIpoekTHpOBaHKe HOPOTH NMPOBOIJAT C YYETOM NPEACTABIEHHLIX Ha
pHc. 13 OCHOBHBIX THIIOB HOPOXHBIX KOHCTPYKUMi. BriGop koHCTpyK1IMH
NPOBOAST B 3aBMCHMOCTH OT BBICOTHI HacChiM W YCJIOBHH YIJIOTHEHWs
rpyHTa, TpeTuil TN KOHCTPYKLUHH NPHMEHSIOT NPH BLICOTE HACHIMM (110
OCH Npoe3xell yacTH), paBHON ToMLKHE OOPOXHOH omexasl. Ilpu 6onb-
1Ieil BLICOTE HAchiN¥, HO He Oojee 2 M, mpuMmeHAOT 1-H WM 2-# TUnNbI
KoHcTpykuuit. Ha yyacTkax mopor, IpOXOAALUMX B HYJEBLIX OTMETKaX,
NPHUMEHSIOT 4-i THI KOHCTPYKLHIL.

Koncrpykuuio 1-ro THna cieayer NpuMEHATb NPH YIUIOTHEHMH TIecKa,
U3 KOTOPOr0 YCTPauBAKOT HAChINb, 10 3HaYEHHUA, He MeHee 0,95 oT Makcu-
MansHoi muotHoctH no I'OCT 22733—90. B xOHCTPYKUMH 2-ro THNa
IUIOTHOCTh IeCKa He HOPMHpYeTCs, TaK KaK 3TOT TPYHT HAXOMMTCHA B
TBEPJOMEP3/IOM COCTOSIHUM B TEYEHHE BCErO NEPHOMA IKCIUTyaTaldH AOPO-
ri. Ero rioTHoOCTs B HACHINK JOJDKHA OBITH paBHA MaKCHMaJIbHOH MIIOT-
HOCTH, KOTOPYI0O MOXHO JOCTHTHYTh NPH YIUIOTHEHHH NEcKa B 3UMHHH
MEepHOZ,
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Puc. 13. KOHCTpYKUMH JOPOXHOM OHEXKIbl H 3CMJIIHOTO MOJIOTHA ¢ TEMIOH3OIMPYIOLMMHK

cnosmMu u3 nexoruiacra Styrofoam mapku Floormate S00:
] — nenonnact Tomuuuol 8 cM; 2 — NEHOMNTACT TOMuHHON 6 cM; 3 — nuneBaThilt necox; 4 — Men-
xuit Necok; 5 — neckoUeMeHTHas CMeCh; 6 — KCNe306eTOHKAs TUMTa; 7 — reoTeKCTINh; 8 — neHo-
racT TomumHo# 14 cM; 9 — nexonnacT Tomumnno# 13 cm; /0 — TpyGuaras mpena

Ha puc. 13 npuBenenst pa3Mephl IOPOXKHOM KOHCTPYKIMH HA NOJYOCT-
poBe SIman [6]. Ha npoesxeii yacTH 3TOH HOPOTH MpexycCMaTpHBaeTcs
YCTPOHCTBO NOKpPBITHA M3 Xee300€TOHHBIX IUIMT TomuuHoi 0,14 M Ha
OCHOBaHHH M3 neckoLeMeHTHOM cMecH (10 % ueMenTa) TomuuHoi 0,25 M.
O6ouuHbI YKpemnieHbl TO# e NeCKOLEMEHTHOMR cMechio. g obecneyenus
YCTOHYHBOCTH OTKOCOB HAChIIIA NPEAYCMOTPEHbI 3aLHTHBIE NPOCIOHKH H3
reOTEKCTHIA C YKJIAJKON HAa NOBEPXHOCTh OTKOCOB MOXOPACTHTEILHOI'O
cnos. BreicoTa Hackinu 110 OpoBKe 3eMISHOrO MOJOTHA B KOHCTPYKUMAX
l-ro u 2-ro Tunos cocrasnier 1,5 M. YxasanHple Ha puc. 13 3HaveHus
YKJIOHOB HAcChINH SBJIAIOTCA MaKCHMaJIbHO JOMYCTHMBIMHU. [lelath Kpyue
OTKOCBHI HelTb34, T0JI0OXKe — MOXHO.

IIpu coopyxeHMH 3eMIITHOrO MOJIOTHA NMOATOTOBMTENbHblE paGoThI
(ybopky cHera, pyOxy ¥ yoajieHHUs jieca U T. IL) clleAyeT NPOBOANTD 3UMOM
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¢ HeOONBIUMM OflepeXeHUEM OCHOBHBIX 3eMIHBIX pab6oT. Huxuue cmou
HAacCBINH CJIeQyeT OTCHINaTh crnoco6oM "ot ceb4", a mociexyromue — Hpo-
HONBHBIM CIIocoOOM.

J1s ycTpoiicTBa TEMUIOU30NUPYIOILETO CI0A HYXKHO NPHUMEHATD TUTHThI
€O cTyneduaroi popmoli xpomku. IIpuHUMas BO BHHMaHKHE BO3MOXHOCTD
MOUTOIUIEHUS B TEILIBIA NepHoA rofa Mep3noi YaCTH HACBINM B KOHCTPYK-
UM 2-ro TMna Heo6XxomuMmo, 4ToObl BOJAa HE MOCTyNaja 4epe3 CTHIKH
MeXy IUIMTaMH B 3TOT IpyHT. I8 3TOro HyXHO, YTOGbl KPOMKH IUIMT
neHomnactTa uMenu ¢GopMy nas/BuicTyn. Jlonyckaercss NMPUMEHSATb IUIMTBI
NEHOMIAcTa CO CTyneH4aToi GopMOH KPOMKH € H30MALHEN CTHIKOB MEXIY
TUINTaMH.

IlnuThl MeHOMNAacTa CIIeRyeT YKIaabiBaTh ¢ obecneuyeHneM paBHOMep-
HOTO MX OMHMPaHHUs Ha MOBEPXHOCTh NecyaHoro ¢1og. YTobw! He co3maBaTh
CKBO3HBIX LIBOB, IUTMTH] NEHOIIACTa HAA0 YKIJIaAbIBaTh "Bpa3bexxy". Ecnu
TUIMTBl YKJAOBIBAIOT B ABA ClIOf, TO IUBBI HHXKEJIEXKALIEro CIOA HYXHO
NepeKphIBaTh BBIILIENEKAWUMH ITHTaMH. TIHTEI Heo6XoaUMO NpH yKJIa[-
K€ NPUKPEIUIATL K OCHOBAHHIO IUTHIPAMH.

B neruuit nepuon paboTy MpOBOAAT B TaKOH MOC/IENOBAaTEILHOCTH:
IOYIUIOTHSIOT CJIOH MENKOro mecka, yKJIaablBaIoT U YIUIOTHAIOT CIIOH Mmec-
KOLEMEHTHOH CMECH, YKJIAAbIBAIOT XKeNe300eTOHHbIE IUIMTH! (CM. pHC. 13).
PaGoThl, BEINONIHAEMBIE B TEIUIbI IIEPHOA BPEMEHH, NODKHBI OBITH 3aKOH-
YeHbl 32 2—3 Mec. C MOMEHTa MEpexoJa CPEXHECYTOUHOH TeMIepaTyphl
Bo3ayxa depe3 0 °C. B IpOTHBHOM Clly4yae MOXET IPOH30MTH OTTauBaHHE
TPYHTOB, KOTOPbIE OJDKHbI HAXOAHUTLCS B MEP3IIOM COCTOSHHHY.

4.3. PacueT TOonuuHbl CNnoa neHonnacra

Iporpamma ms pacyera Ha OBM mnpoueccoB Terro- # MaccooOMeHa
B JIOPOXKHOH KOHCTPYKLMU JOJDKHA Y4YHTBHIBATH CIOXHOE OYEpPTaHHE pac-
4yeTHOH 00nacTH, HaMyYKe B INpelenax 3Toi o6lacTH pasIMYHBIX BMOOB
TPYHTOB M MaTepHANIOB, 3HAYMTEILHOE YHCIIO IPAHHYHBIX YCIIOBHIi B 1pe-
Zlenax pacyeTHo#H 061acTu, ¢pa3osble nmepexoms! (BbIAENEHHE H MOTJIOLIEHHE
CKPBITOH TEIUIOTHI B POLIECCE MPOMEP3aHUA-OTTaHBaHUs), TeruIou3nyec-
KHe CBOHCTBA FPYHTOB M MaTepHaJIOB.

I'pyHTOBO-MEP3NOTHEIE YCIIOBMS Ha Tpacce HOPOTH JOJMKHBI XapakTe-
PH30BaThCA CIEAYIOLWMMH NOKA3aTEAMH: CYMMapHO# BIIaXKHOCTBIO TPYH-
Ta, IUIOTHOCTBIO TAJIOTO X MEP3JIOro rpyHTa, KO3GGHUHEHTOM TEIIONpO-
BOTHOCTH ¥ 00BEMHOIf TEIUIOEMKOCTBIO TAJIOTO H MEP3JIOro FPYHTOB, TEM-
neparypoii Jmaoo6pa3oBaHus.

B pacuer BxnoyaroT Teruio$pH3HYeCKHE XapaKTEPHCTHKH CIIOEB HOPOX-
HOM OIeXIbl, NOTyYeHHbIE N0 JaHHBIM HATYpHBIX M3MEPEHHit Ha CyliecT-
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BY1OIHX JOpOrax B PacCMaTPUBAaeMOM peruoHe. [IpH OTCYTCTBHH TaKuX
JIaHHRBIX JOMYCKAaeTCA BKIIOYATh B PacyeT TabMyHble 3HAYEHNUA.

Heo6xoauMylo TOMLIMHY NEHOMNIIACTa ONpe/eNAioT MeTofoM noabopa,
HCXOMA W3 YCIOBHS COXPaHEHHS B TBEPAOMED3NIOM COCTOSHHH IDYHTOB B
TeueHHe BCEro nepuoaa 3KCIUTyaTallui ZOPOTH.

5. PACYET TONIUUHLI MOPO303ALLIUTHOIO CIOA,
SAMEHAEMOIo NEHONNACTOM

TpaaMUHOHHBIM PELICHHEM JOPOXHOM ONEXKIbl B paiiOHaX CE30HHOTO
MpPOMEP3aHHsl IPYHTOB SBJIAETCA €€ YCTPOHCTBO ¢ MOPO303alMTHBIM
c1oeM. AIIbTEPHATHBHBIM DPELIEHHEM SBJIAETCH YCTPOHCTBO JOPOXHOI
OIEXIbl C TEIIOH30IMPYIOIHM CIIOeM U3 MeHomnacTa. s oueHku spdek-
THBHOCTH NMPHMEHEHHUSA TaKOH KOHCTPYKLMH HY’KHO 3HAaTh TOJNLIMHY MOPO-
303aIMHTHOrO C0%, 3aMEHAEMOrO NMEHOIIACTOM.

CpaBHeHHe KOHCTPYKLHI ¢ MOPO303aIMTHBIM H TEIUIOH30IHPYIOIHM
CJIOSIMH BO3MOXHO IPH BBINOJIHEHUH CIEAYIOLINX YCIOBHH. 3TH KOHCTPYK-
LIMM JOJDKHBI YIOBIETBOPATh HOPMAaTHBHBIM TPEOOBaHHAM MO MPOYHOCTH,
MOPO30YCTOHYHBOCTH H JAPEHHPOBAHHIO, HMETb OAMHAKOBBIE MIOKPBITHE H
ocHoBaHMe. PasHuua MexAy KOHCTPYKLHMAMH 3aKIOYaercs B TOM, 4TO
OZHA M3 HUX UMEET MOPO303allMTHBIIi CIIOMH, a Apyras — TEIIOU30HPYIO-
LMK CIIOH U3 meHomacra.

Hcxonms u3 3TMX yCIOBUH ONPERENAIOT TOMHMHY MOPO303alMTHOrO
CJ105, 3aMEHAEMOr0 NEHOIUIACTOM, B CHEXYIOLIEM NOPAIKE.

1. 3apatorcs TONMUMHOH MOPO303aLUMTHOIO CION (f,;, M) U C YYETOM
3TOr0 pasMepa ONpEAENAOT TOMIUHMHY JOpOoXHOH onexunl (hy,;, M) H pac-
CTOSIHHE JI0 YPOBHS NOJ3EMHLIX BOX (Hy, M).

2. YcraHaBnMBaOT TpebGyeMoOe TEpMHYECKOE CONPOTHBIIEHHE JIOPOX-
Ho#l onexnpl. Pacuer mpusenen B m. 3.4. PasHuua TonbKO B 3HAYEHHSX
ToKa3aTeNs MyYMHHCTOCTH IPYHTA Cpyy, KOTOPHIE HYXHO BHIGMpaTb 1o
Tabn. 5.

3nayeHus nokasarens Cpyy 3aBUCAT OT MECTOHAXOX/ICHUS PAcCMATPH-
BAEMOr0 y4acTka AOPOrH. JTO CBA3AHO C BIHAHHEM IITyOHHBI H CKOPOCTH
NpoMep3aHua Ha mydeHue rpyHTa. Yem Gonblue CKOpOCTh, TeM MeEHbLUE
MOCTYNAeT BOAbl M3 TAJIOr0 rPYHTA B MEPIIbI M TEM MEHbIlE NMy4YHHHC-
TOCTb TPYHTA.
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Tabnuua 5

HoMep H30IHHHH Ha KapTe 3Hadenne noxa3aTeNf Coyy IS FPYHTOB
(cm. puc. 10)” CPEMHEMYYHHHCTBIX CHITBHONYHHHHCTBIX | YPEIMEPHO MYHHHHCTBIX

1 1,40 2,10 2,80

11 1,25 1,85 2,50

m 1,10 1,65 2,20

v 1,00 1,50 2,00

\% 0,90 1,35 1,80

Vi 0,80 1,20 1,60
VII 0,70 1,05 1,40
vl 0,60 0,90 1,20
IX 0,50 0,75 - 1,00

X 0,40 0,60 0,80

3. OnpenensioT 3HaueHHe TOMIMHBI MOPO303alHTHOrO CIIOA, M, 3aMe-
HAEMOT'0 NEHOIUIACTOM:

hm = (Ro);[('rp) - RO}I(O)) )"NS s (3)

roe Rogp) — TpefyeMoe — TepMM4ecKOe — CONMPOTHBJIEHHE JOPOXHOH  OMIex-
abi, M-K/BT; Rop(o) — TEPMHUYECKOE CONPOTHBIIEHHE ZOPOXHO# ofexas1 Ge3 mopo-
303aLIMTHOrO WIH TEIUIOH3ONMPYIOLIEro CIlIos, M*K/BT; Ms — Kodduument Ten-
JIONPOBOAHOCTH MOPO303ALKTHOrO CJI0A, PaBHBIH CpeaHeapHpMeTHYECKOMY 3Haue-
HHIO KO3 (HLHEHTOB TEMIONPOBOFHOCTH MATEpHala CJIoA B TAJIOM H Mep3iIoM
cocrosnuy, Br/(m-K).

4, CpaBHMBAIOT 3HauyeHHE hy,, NoxydeHHOE 1Mo ¢opM. 3, ¢ 3anaHHOH
BESIMUMHOM hy,,. [Ipu pasuuue Mexay HUMH He Gonee 5 CM pacyer 3aKoH-
yeH. B NpOTHBHOM Cllyyae HyXHO 3aaThCA HOBBIM 3HauyeHHeM h,, U NO-
BTOPHTb pacuer.
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TEXHUYECKAA XAPAKTEPUCTUKA NEHOMNACTA

ITPHIOXEHHE 1

Jna ycTpoicTBa TeMNOH3ONMHPYIOWIKX CHOEB Ha JOPOrax NPHMEHAIOT MEHO-
ract Styrofoam mapku FIOORMATE 500. JauHble 0 ¢#s3HKO-MeXxaHHUECKHX
CBOHCTBAX 3TOH MapKH MeHOILTACTa MpeICTaBiIeHbl B Tabl. 6

JIncr nexomnacra umeer winMHy 1250 MM, wupuiy 600 MM, Tomuuuy 30, 40,
50, 60, 80, 100 MM. dopMa KPOMKH — CTymeHYaTas.

IMenormact He noanaercs BO3AEHCTBHIO KapOOHATA HATPUSA, THIPOOKHCH Kallb-
UHA, HATPUA XJIOPDHAA (MOBAapeHHaA COAb), OPraHKYECKHX BEWECTs (ryMmyc, canpo-
nens), 6axrepuit npupoasoro npoucxoxaenus. [IpH HaTHuuH B IPyHTE KMUCHIOT,
wmesoyeit, opraHH4ecKuX yaoOpeHuii W IPYrHX BElIECTB, HE MEPEYHCIICHRBIX BhILIE,
clieflyeT OLEHHBATL YCTOHYHBOCTD MEHOILIACTA B KaXIOM KOHKPETHOM Cily4ae no
COCTaBYy M KOHILIEHTPALMH ITHX BELLECTB.

Ta6nauua 6
HopwmaTusHstit
JIOKYMEHT ,
Enuuuua 3HaueHue
Haunmenopanue nokasartenei ;:f:::;;};'g;;ﬁl::: HIMEDEHHA OKA3ATENS
noxasaTens
In0oTHOCTD HCXOMHAR DIN 53420 xriv® 38/40
rocCr17177-87
TennonpoBogHOCTL NpH TeMnepa- DIN 52612 Br/(mM-K) 0,027/0,025
Type 10 °C TOCT 7076-87
To xe npu Temneparype 20 °C rOCT 7076-87 Br/(m-K) 0,028
Boaonornomenne DIN 53434 06, % 0,20/0,45
TOCT 1717787
MpouHocTs Ha cxkaTHe npH 5 Yo ne- I'OCT 17177-87 H/mm? 0,51
popmaumun
To xe npu 10 % gedhopMaumu DIN 53421 H/mm? 0,50
Hpenen npo4yHOCTH NpH H3rHGe IrocCT 17177-87 Himm? 0,72
Monyns ynpyrocts DIN 53421 H/mm? 20
Kanunnaprocrs - —_ 0
OrnecroiikocTs — rpynna pocnuia- rOCT 3002 — Bl — 1pya-
MEHAEMOCTH HoBOCIUIa-
MCHSAEM
Jlnanazon paGouux Temneparyp — °C Ot munyc 50
no numoc 75
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TMenonnacr cnemyer NpefOXpaHaATh OT BO3AEHCTBUA HEPTAHLIX MPOAYKTOB
(6en3nH, KEPOCHH H [p.), OPraHU4eCKHX pactBopuresieit (Genson, aueroH u ap.). He
JOMYCKaeTcA yKIaKa HelMOCPEACTBEHHO Ha IEHOIUIACT "ropAYero necka" u Apyrux
HarpeTbiX MaTepHaoB, 06paboTaHHBIX OPraHHYECKHMH BSKYLIMMH MaTepUHalaMH.

Ipu nmurensHom xpaHewuu (Gonee 5 CYT.) MOX OTKPHITHIM HeGOM IUIHTBI
NEHOMNACTA CNIEAYET MpPEAOXPAHATh OT MpPAMOro CONHe4HOro Bo3sgeiicTeus. He
OMYCKAETCA CKAaAMpOBaHHe NEHOMIAcTa BOAU3M OTKPLITOTO OrHA,
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IIPHIIOKEHHE 2

NPUMEPbLI PACHETA

Ipumep 1. Onpenenuts HEOGXOAMMYIO TOMUHMHY TEIUIOH3ONUPYIOLLETO CIOR U3
NEHOIUIaCcTa Ha y4yacTke NOPOTH, npoxonsiueli B paiioHe r. Mockssi, npu He6naro-
MPHUATHBIX I'PYHTOBO-THApONOrHYeckux ycnosusx. Ha atoM ywactke nmomseMubie
BOJIBI 3ajIeraloT Ha riy6ude 0,5 M OT MOBepXHOCTH 3eMJiH. I'DyHT ecTecTBeHHOroO
OCHOBaHM — CYIJIMHOK JIETKHil MbUIEBaThI, KOTOPBIi OTHOCHTCA K Ype3MEPHO
NyYHHUCTBIM rpyHTaM. M3 3TOro Xke rpyHTa BO3BOAMTCS 3eMIIAHOE MOJIOTHO. Bol-
coTa Haceimu 1,65 M.

ITo ycnoBusaM oGecrneyeHUs NMPOYHOCTH W APEHHPOBAHHMSA HYXHO yCTpauBaTh
KOHCTPYKUHIO ROPOXHOMH olexapl, coctosuel u3 achansTo6eTORHOro NOKpHITHA
TonuwmHo# 0,20 M (IoTHHI achansToGeTron — 0,05 M, mopHcThiit achansTOGE-
TOH — 0,15 M); ocHOBauus TomuuHOH 0,30 M M3 M3BECTHAKOBOrO LEOHA U OPEHH-
pylowero cnos TomuuHoii 0,20 M M3 cpensesepHucroro necka. Cpox ciyxGsl
JOPOXHOH ofexab (MEPHO MeXIY KanHuTanbHeIMH peMoHTamu) — 10 ner. Jonyc-
THMas BeJIHYHHA MydYeHHs 4 cM.

Pacuer TonwuHbl C104 neHonIacTa NpoBoaAT cornacHo 1. 3.4. Tlo xapre (cm.
puc. 10) HOMep HM30NMHHMHM, KOTOpaA NPOXOAMT Yepe3 paccMaTpuBaeMbli y4ac-
Tok goporu — V. ITo ¢opmyne 2 Rono) = 0,46 m>-K/Br. o Tab1. 2 Cnyx = 2,0.
Mo Tabm 3 — Cp=0,76 18 CYIJIHHKA JIETKOrO MbUIEBATOr0 NpH hox = 0,7 M
H hnp(non) = 0—50 cm. ITo Ta6n. 4 Kop = 0,90 u Kyen = 0,95. ITo HoMorpamme (cM.
puc. 11)  Anpaon) = 72 cM npH Lypon/(Cnyy Cp) = 2,6 v Hy = 1,45 M. Ilo Tabn. 3
Cp = 0,73 npu gxon = 0,7 M o hnp(pom) = 72 cm. Tlo Homorpamme (cM. puc. 11)
ROII(TP) = 0,8[ m“-K/Bt npx Lnon/(Cnyq Cp) = 2,7, Hy = 1,45 M, Ko}( = 0,90,
Rym = 0,95

Ilo rpaduky (cM. puc. 12) onpefensior HCKOMYIO TOJLUKHY, CTI0S TIEHOMTACTa:
hn = 1,8 cM npu Ropo) = 0,46 M“K/BT H Ronp) = 0,81 M™K/Bt. Yuursisas
MHHMMaJIbHble pa3Mephbl IUIMTHL (CM. NMPHIOK. 1), NPHHAMAETCA TOMIMHA CNOSA
TeHoIIacTa 3 cM.

Tpumep 2. OnpenenuTh TOMUMHY MOPO303AIUKTHOIO CJIOA M3 NECKA, 3aMEHAe-
MOro MeHOIUIACTOM, JUIA YKa3aHHO# JoporH B paiioHe r. Mockssl. Pacuer nposo-
AT COrNacHo mn. 5. HMcxoaHble JaHHBIE Te Xe, YTO U paHee. 3amaeMcd BETHYHHOK
hwz = 0,95 M. B 3tom cnyyae hog = 1,65 M 1 Hy = 0,5 m. o Tabn. 3 Cp = 0,64
npu hog = 1,65 M ¥ hnp(zon) = 0—100 cM. ITo Tabn. 4 Kox = 0,90 u Kysx = 0,95.
Mo Ta6n. 5 C nyy = 1,80. [To HoMorpamme (cM. pHC. 11) Anp(zon) = 62 cM npu
Lion/(Cnys Cp) = 3,5 cMm u Hy = 0,5 m. TTo 1a61. 3 Cp = 0,64 npu hox = 1,65 M 1
hop(aon) = 62 cm. Tlo nomorpamme (cM. puc. 11) Ropap) = 0,92 M%K/Bt npu
Lnon/(Cnyq Cp) =35 CM, Hy = 0,5 M, Kon = 0,90, Kylm = 0,95. Ilo d)opM. 3
huz = 0,92 M. Pacyer 3aKOH4€H, TaK KaK PasHULa MEXAY 3aJaHHbIM H MOJIyYEHHBIM
3HAYEHUAMM hyy cocTaBiseT 3 cM, yto MmeHee S cM. ITomyuyaem, YTO TOMNLHMHA
MOPO303al{HTHOTO CJIOA, 3AMEHAEMOr0 NEHOILIaCTOM, cocTasiuer 0,95 M.
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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 sofved 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—o6) allowing to construct
roads with the Styrofoam heat-insulating layers have been developed in
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 I 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.

Fig. 1 Road pavement structures of the same frost resistance under conditions of Moscow:
1—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 15 m (type B).

Fig. 2. Minimum values of embankment heights in the Arkhangelsk region when construct-
ing the traditional road pavement (Type A) and the road pavement with plastic foam pre-

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

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 (Tyi)e B):
1—road pavement; 2 —fime 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 15 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.

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
1Ist 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 coeffi-
cient higher than 2 m/day) is reduced by 11920 m3 per 1km of road and
the amount of earthworks is decreased by 24400 m3— 35400 m3 (depend-
ing on the cut depth) per 1km of road.
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1.4. Use of soils of increased moisture content

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 is 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.

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 life 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 is 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 heaving 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
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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 Irkutskgiprodomii
(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 efficiency
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 layer.

Figure 7 shows one of such cases. The road is 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.

Fig. 7. Road pavement with a frost-protective layer (Type A) and a plastic-foam heat-insu-
lating layer (Type B) considered when solving the problem of removing frost heaves from
the road:
| — 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; h b — freezing depth
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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
is 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 is 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 is 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.
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Table 1

Values of indices
Method . i
Parameters P of physico-mechanical
of Determination properties of plastic foam
Initial Final
Density, kg/m’ DIN 53420 38 43.1
GOST 15588-86
Compression strength at 10 % lin- DIN 53421 0.40 0.43
ear deformation, MPa (N/mm©) GOST 15588-86
Mogulus of elacticity, MPa DIN 53421 15 19.2
(N/mm°) GOST 23404-86
Thermal conductivity at 10 °C, DIN 52612 0.027
W/(m - K)
Thermal conductivity in dry state GOST 7076-87 . 0.0286
at 20 °C, W/(m- K)
Thermal conductivity in water-satu- GOST 7076-87 . 0.0301
rated state at 20 °C and moisture con-
tent of 4.6 % by weight, W/(m - K)
Water absorption of entire board, DIN 53434 0.2
% by volume
Water absorption after 300 freezing DIN 53434 1.0
and thawing cycles, % by volume
Water absorption during 24 hours, GOST 15588-86 . 0.53
% by volume

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
is 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 is 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" is 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 1 Type Az
Ei—
Type
Type @
cC IB _h a R,
8 r-™ T --"4 m
ad %4 3 M
ef-
"1

Fig. 8 Basic types of road pavement structures with the Styrofoam heat-insulating layer
used in new construction:
| — 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:
I — grass sown on the 0.15 m layer of soil; 2 — crushed stone (0.1 m) bound with bitumen (1.5 Um?);
3 — cement concrete (0.24 m); 4 — crushed stone stabilized with 6 % of cement (0.21 m); 5 — sand
(0.20 m); 6 — Styrofoam (0.10 m); 7 — "domit" geotextile; 8 — 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 is
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 in 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 is determined by formula:

_Lan- hn(o)
JA

bz 0

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

The following values of 1, 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 is 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 is only needed to perform the
soil 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 is 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.
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The design of the heat-insulating layer (k¢), 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
isolines, the numbers of both of them are found.

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

i=np

Rpo) = h pto/ Mot @

ial

where 7p = number of structural layers of the road pavement without the heat-in-
sulating layer; Ap(i) = thickness of a separate layer, m; Ayj) —coefTicients of the
heat-conductivity of separate layers in a frozen state.

The design should include actual measured values of Ap(:). In
the absence of such data the tabulated values Apgy [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, Cy, 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
in compliance with GOST 28622—90.

4. The coefficient G that takes into account the influence of the weight
of the road pavement and subgrade frozen courses on the soil heave value
is assessed.This coefficient is found from Table 3 regarding a thickness of
the road pavement (f,, m) and an allowable freezing depth of the subgrade
(Dfrany , cm),

hen values of the road pavement thickness are lower or higher 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 X, 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 (Rp(req)s

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 — boundary of the continuous occurrence of perennially frozen soils;

1-X — numbers of isolines;
2 — ditto. of the insular occurrence (up to 25 m in depth); 3 — Arctic Circle
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Fig. 11. Nomogram for determining the required thermal resistance of road pavement
1- X — isoline numbers on the map (Fig. 10); I — design curve for types 1

compute the value of L,/(Cy, Cp);

determine the value of Ag,) from the nomogram depending on
La/(Cy, Cp), 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 Ay using
Table 3;
58



b h¢rtatl)em 3,0m 25m 20m H=15m
Y
\ [ 1/
/ ,/
T Ill 250 [1 /Irl 7 ¢ 10m
~L [JY/ ] 7
. - I I
S o T 17
= A05
aanmiialiiyrays:
r / ',/ y 'Il 4 s 7
g 77171 150 Y —
D?" I, / /’ /
ml S/ /] 4
I va Z il
/ T4 100 y
) ~ /
ayani 4
6 12 08 g4 0 6 10 14 18 22 26 30
Rotreql/IKp-Km), m?K/W Lt /(CCy), cm

Rp(req) at L o/( Ch* 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 Ly/(Cy, Cp);

determine the value of Rpeq)/(K, Krn) from the nomogram depending
on Lyy/(Gy, 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
Medium heaving Highly heaving Extremely heaving
1.0 1.5 2.0

Table 3

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

Sol hpy=0,5 hpy=10 hp =15 hp=20
bty b amy hee h g
0-50 | >0 | >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 | 0.70 | 0.65 | 0.65 | 0.60 | 0.60 | 0.55 | 0.55 | 0.50
Light sandy clay loam, 080 [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

Table 4
. Values of coefficients Km

i Values of coefficient Kp for road pavement for the t o

P . p ype of moistening

lsg:in;] :‘;‘ab;l’ service life between major repairs the subgrade working layer

(see Fig. 10)
L?g y‘:‘r:n 10years 20 years type 1 types 2 and 3

I 0.70 0.85 1.0 085 1.0
11 0.70 0.85 1.0 0.65 1.0
I 0.80 0.90 1.0 0.55 1.0
1v 0.80 0.90 1.0 0.45 1,0
v 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
VI 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




introduce the value of the coefficients of Kj and K, into expression

Ry reqy(Kp Kiy) and calculate the desired value of Rp(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 is higher than

the depth of ground water occurrence on the mentioned road section and
when it is 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) is found from

the plot in Figure 12 depending on Rp() and Rpreq)-
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Fig. 12. Plot for determining the required thickness of the Styrofoam layer:
R preq) — required thermal resistance of road pavement: R p) — thermal resi of road pave
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
(h4(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 Ly = hp() at the known value
of Rpreq) that is equal to the thermal resistance of the sound section of the
road 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 is 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 is 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 is 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 in 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 is 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 is 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:
1 — 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 slab;, 7 — g ile; 8 — plastic foam layer
14 cm thick; 9 — plastic foam layer 13 cm thick; 10 — 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 is 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 is
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 (hfp, m) is given, and with taking
it into 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 is
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 S.

Table S
Isoline number in the Values of Ch, for soils:
mep ee e 10 medium Heaving Highly heaving Extremely heaving

I 1.40 2.10 2.80

n 1.25 1.85 2.50

i L10 165 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 1.05 1.40

VIII 0.60 0.90 1.20

IX 0.50 0.75 1.00

X 0.40 0.60 0.80




As Table 5 shows, the values of Cy, are dependent on the location of
the road section under examination, which is 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 is the soil heave.

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

hyp = (Rp(req) — Rp(0) ) Mp» 6)

where Rp(req) — required thermal resistance of the road pavement, mZK/W;
Rp(0) — thermal resistance of the road pavement without the frost-protective and
heat-insulating layers, m%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 hjp, 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 hfp must
be given and the design repeated.
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APPENDIX 1

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
Parameters d:{:::ﬁ:ggn Unit Value
Initial density DINS3420 Kg/m® 38
GOST 17177-87 40
Thermal conductivity at 10 °C __DIN52612 W/(m-K) 0.027
GOST 7076-87 0.025
Thermal conductivity at 20 °C GOST 7076-87 W/(m-K) 0.028
Water absorption DIN53434 % by volume 0.20
GOST 17177-87 0.45
Compression strength at § % defor- | GOST 17177-87 N/mm? 0.51
mation
Compression strength at 10 % de- DIN 53421 N/mm? 0.50
formation
Ultimate flexural strength GOST 17177-87 N/mm? 0.72
Modulus of elasticity DIN 53421 N/mm? 20
Capillarity — — 0
Fire resistance (flammability group) GOST 3002 —_ BI (highly
fire-resistant)
Range of service temperatures — °C -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.



APPENDIX 2

DESIGN EXAMPLES

1. 1t 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 2K/W. From Table 2, Cy = 2.0.
From Table 3, Cp =0.76 for light silty loam at Ap = 0.7 and Agr(an) = 0-50 cm. From
Table 4, Kp = 0.90 and Km =0.95. From the nomogram in Figure 11, Afany) = 72 cm
at La]l/(Cth) 2.6 and Hy = 1.45 m. From Table 3, Cp = 0.73 at hp = 0 7 m and
hfay = 72 cm. From the nomogram in Figure 11, Rp(eq = 0.81 m2K/W at
La/(CrCp) = 2.7,H). = 1,45 m, Kp = 0.90, Km = 0.95.

From the plot in Figurg 12, the desired thickness of 2the plastic foam layer hg =
=1.8 cm at Rp(o) = 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 S. The original data, excluding the
value of Ch, are the same as above: Rp@) = 0.46 m 2K/W, Kp = 0.90, Km = 0.95.
We are set by value hfp = 0.95 m. Then hp = 1.65 m, Hy = 0.5 m. From Tab-
le 3, Cp = 0.64 m at hp = 1.65 m and hfr@n) = 62 cm. From Table 5, Ch = 1.80.
From the nomogram in Figure 11, hf(a) = 62 cm at LauI(Cth) = 3.5 and
H) = 0.5 m. From the nomogram in Figure 11, Rp(req) = 0.92 m>K/W at
La/(CnCp) = 3.5, Hn = 0.5 m, Kp = 090, Km = 0.95. From formula 3, kg =
=0.92 m.

The calculation is finished since the difference between the prescribed values
and the obtained ones is 3 cm, i. e. less than 5 cm. We obtain that the thickness of
the frost protective layer replaced by plastic foam is 0.95 m.
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Road structures with the plastic foam heat-insulating layers in the regions
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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.
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