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lMpepanoxeH NHTEHCUBHbINA
TEXHOJIOrNYEeCKUIA PEXXUM MOBbILLUEHUS
cTabuibHOCTH C/1abbiX rPYHTOB

npu COOpy>XeHUN 3eMJIIHOroO rNoJIoTHa
Ha y4yacTke C MHOroJieTHeMéEép3JibIM
ocHoBaHueM. Ha npumepe CeBepHoro
LUMPOTHOro xoAa noka3aHa
a¢pPeKTUBHOCTb NPUMEHEeHNs
dyHAaMeHTasIbHbIX MOJI0XXEHWUI
MexaHUKU MEP3JIbIX TPYHTOB,
YCTaHOBJI€Hbl TEXHOJIOrn4yeckue
3aKOHOMEPHOCTH MOBbILLUEHUS
MPOYHOCTHBIX XapakTePUCTUK — yria
BHYTPEHHEro TPEeHUS U CLerJIeHUsl rPpYHTa
npu yMeHbLLIEeHUW BJIaXKHOCTU U OTBOAE
BOAbI U3 AEATEJIbHOIO CJI0S1 U TaJInkKa

3a npepaesibi CTPOUTEIbHO MJIOLanKN.
O60CHOBaHO NPUMeHeHNne UHTEeHCUBHOM
TEeXHOJIOrnv A4Jis1 yripoOYHEeHUs1 3e MJIIHOro
MOJIOTHa NPy CTPOUTEJIbCTBE NyTei
COo00LEeHUs1 B KPUOJIUTO30HE.

Knrwo4yeBbie cnoBa: xene3Hasi

faopora, CeBepHbIN LUMPOTHbIV X0/,
MHOrOJI€THEMEPSJIbIE IPYHTbI, 3EMJISIHOE
MOJIOTHO, MHTE@HCUBHAasl TEXHOJIOI S,
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TaOWJIBHOCTD U YCTOMYMBOCTh 3€MJISI-
HOTO MOJIOTHA B PerMOHaX pacIipo-
CTpaHEHUSI MHOTOJIETHEMEP3IIbIX
TPYHTOB JIOJIKHBI ObITh 00€CIIeYeHbI B TeUEHUE
BCETO IPEICTOSIIETO KeJIe3HOM TOPOre Xu3-
HEHHOTrO LIMKJIa, HAYMHasl CO CTaIMU IIPOEK-
TUPOBAHUS U T€OJOIrMYECKUX U3BICKAHUM,
B XOJIe KOTOPBIX IMOSIBJISIIOTCS JaHHbIE O Te-
naopU3nIecKux U GU3NKO-MEXaHUUECKUX
Mpoleccax, MPOUCXoasinux B rpyHTax. Ilon
BJIMSIHUEM BTHX IIPOLIECCOB IPY OTTaMBaHUU
TMPOUCXOIIT neopMaliiui, HEOIArONPUITHO
BJIMSIIOLIME HAa 0€30I1aCHOCTh MHXKEHEPHOIO
coopyxeHnus [ 1, 8]. Tpyasl 1o Teopuu 3eMJs-
Horo mosoTHa I. M. [llaxyuguua [10]
u M. H. TonpaiureitHa [2], MOCBSILLIEHHBIE €TI0
KOHCTPYKILIMU U 9KCIUTyaTalluu, HE COBCEM
MOJIHO PacKphIBAIOT MPOOJIeMy U3MEHEHMSI
hU3MKO-MeXaHNYECKUX XapaKTePUCTUK IPYH -
TOB B IIPOLIECCE CTPOUTEIILCTRA.
AKTYaJIbHOCTB 3TOM IMPOOJIEMBI TTOATBEPIM -
JIach IPY PACCMOTPEHUM PE3YJIBTATOB UHXKEHEP-
HBIX M3bICKAHUM U OLIEHKE CTaOMJIbHOCTHU
OCHOBaHMsI Ha y4acTKax cTpouTesibeTBa CeBep-
HOTO LIMPOTHOTIO Xo/a [5, 6]. AHaIu3 nmokasan,
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Calculation information ——
[Mutiliers || Additional Info | Step Info |
Step Info

Step 3460f 346  Extrapolation factor 1,000
Plastic STEP Relative stiffness 0,000

Multipliers

Incremental multipers Total multipliers
Prescribed displacements Mdisp: 0,000 I Mdisp: 1,000
Load system A MioadA: 0,000 TMioadA: 1,000
Load system B MiocadB: 0,000 I-MioadB: 1,000
Soi weight Mweight: 0,000 I-Mweight: 1,000
Acceleration Maceel: 0,000 I-Maccel: 0,000
Strength reduction factor Msf: 0,000 TMsf: 0,767
Time Increment 0,000 End time: 733,067
Dynamic time Increment: 0,000 End time: 0,000 I
et | o ]

Puc. 1. Pe3ynbratbl pacyéra koagpuumneHTa ctabuibHOCTH B MPOrpaMMHOM komriniekce Plaxis.

YTO Ha BBICOKOTEMITEpaTypHOil Mep3sioTe (Ipu
MOJIOKUTEILHOM TeMITepaType FpyHTOB Ha rpa-
HUIIE HYJIEBBIX aMIUIMTY) BTOPOI MPUHLUI
CTPOUTENBCTBA (C JOMYIIEHNEM OTTalBaHUs)
MPUBOAUT K OCOOEHHO MHOTOUMCICHHBIM JIe-
hopManysiM 3eMJISTHOTO TTOJIOTHA.

Ha craguu npoekTupoBaHus CTPOUTENb-
CTBa HOBOM XKeJI€3HOIOPOXKHOM IMHUM B paii-
OHE MHOTOJIETHEMEP3JIBIX TPYHTOB HEOOXOAM -
MO YYUTBIBATh HAJIMYKME BO3MOXKHBIX OITaCHBIX
y4acTKOB. TaKOBBIMU, B YaCTHOCTH, SIBJISIIOT-
Csl TaJIMKOBBIE 30HBI, KOTOPbIE OKa3bIBAIOT
HeraTMBHOE BJUSHHUE Ha CTPOUTEJbCTBO
3eMJISTHOTO TIOJIOTHA U €T0 MOCJIeayoNlyto
skcryataumio [10]. [TomoGHbIE 30HBI MOTYT
OBITh IPUYMHOM TOSIBICHUS Pa3IUYHbIX Je-
¢dopMaumii Ha CTPOUTEIBbHBIX 00beKTax [1].
s TMKBUAAIIMY TaJTUKOB OOJIBIIION MOIIIHO-
CTU pa3paboTaHa MoaubUKalys UHTEHCHUB-
HOM TEXHOJIOTUM B COUETAHUU CO CBasSIMU
B reOTEKCTUIILHOI 000J10uKe [4].

B npodunakruke nepopmManmii 3eMIsiHO-
ro noJjioTHa 3 GhEeKTUBHO 3apeKoMeHaoBaIa
ce0s1 MTHTEHCUBHAs TEXHOJIOTHSI, pa3paboTaH-
Has B PoccuiickoM yHUBEpPCUTETE TPaHCIIOP-
ta (MUUT). OHa Obta 3anmateHTOBaHa [3]
U BriepBbie peanuszoBaHa AO «LleHTpocTpoii-
MeXaHU3allusI» Ha CTPOUTEILCTBE aBTOMAaru-
crpanu MKAJI—Kamupa [7].

PaccMoTpuM ONBIT peaqu3alud UHTEH-
CUBHOI TEXHOJIOTUM Ha MpUMEpPE Y4aCTKOB
3eMJISTHOT'O MOJIOTHA XKEeJIe3HOIOPOXKHOM JT-
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Huu Canexapa—HaabiM. AHaIM3 cTaOUIBHO-
CTU OCHOBaHUSI, BBITIOJHEHHBIN B [5, 12],
MOKa3ajl HajJu4yue MOTEHIMAIbHO OMaCHBIX
Y4aCTKOB ¢ KO3((GULINEHTOM CTaOUIbHOCTH
(Kct) 0,688. ITockonbky Ker < 1, mpoyHOCTH
OCHOBaHMs He obecrieyeHa. [IpoBepka B mpo-
rpaMMHOM Komruiekce Plaxis (puc. 1) moa-
TBEpJUJia HECTaOMJIbHOCTh OCHOBAHUS:
Ker=0,767.

MHTeHCUBHAsT TEXHOJOTUS MO3BOJISIET
YJIYYIIUTh MPOYHOCTHBIE XapaKTePUCTUKHU
TPYHTOB OCHOBaHUsI 3a CUET MEPOITPUSITUIA I1O
VIJIOTHEHUI0O U CHMXXEHMIO BJIaXXHOCTHU
(puc. 2).

[lepBblii 3Tan UHTEHCUBHOM TEXHOJIOTMU
3aKJII0YACTCS B YCTPOMCTBE APEHAKHBIX CUC-
TeM C LIeJIbI0 YCKOPEHUSI KOHCOIUIAIIMU.
J1aHHBII MPOIIECC MPOMCXOIUT 3a CUET OTBOA
BOJIbI, OT)KMMAEMOI M3 TOJIIIIM CJIA00r0 OCHO-
BaHUsI.

Bropoii atan 3akiovyaercs B ypoYHEHUN
IPYHTOB OCHOBaHMUSI IIPU MIOMOIIY UX YIUIOT-
HEHUs ¢ IpUMEHEHUEeM IOIMOJHUTEIbHOMI
BHEIIIHE Harpy3Ku OT IPYHTOBBIX BUOPOKAT-
KOB, TTO3BOJISIIONICH YMEHBIIUTD BIaXXHOCTb,
IOBBICUTh IIPOYHOCTb U MOYJIb fAehOpMarLiu
TPYHTOB.

B cooTBeTCTBUM ¢ peKOMEHAALUSIMU I10
MHTEHCUBHOI TexHoJioruu [7, 11] e€ nmpoek-
TUPOBaHKE BKJIIOYAET BHIOOP OPraHM3alMoH-
HO-TEXHOJIOTUYECKMX METO/IOB, O0eCIIeurBa-
IOIIKMX B COBOKYITHOCTH YJIyYIIEHUE 3KCILIY-
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Puc. 2. MpuHunnuanbHas cxema rnoBbILLUEHUs
CcTabusIbHOCTN 3€MJISIHOIO MOJIOTHA Ha NMPOCaz04YHOM
OCHOBaHUMU.

aTallMOHHBIX KauyecTB (XapaKTepPUCTHUK)
OCHOBaHMSI 3eMJISTHOTO ITOJIOTHA:

— YMEHBIIEHHE U ITOCTIeAyIolIIee 3aTyXaHue
ocanku (S);

— poct monays necdopmaruu (E);

— IOBBIIICHNE IPOYHOCTHBIX XapaKTePU-
ctuk rpyHTa (C, ¢).

brarogapst mpyMeHEHWIO MHTEHCUBHOM
TEXHOJIOTMU MPU ITPOESKTUPOBAHUM IIPOU3BO/I -
CTBa 3eMJISTHBIX paboT Ha yuacTke Canexapa—
HanbiM BIIaxkHOCTb J€SITEILHOIO CJIOSI U Ta-
JIMKa YMEHBIIMJIACh COOTBETCTBEHHO ¢ 33,5 %

rpaa
30

10 23,3 % 1 29,4 %. B cOOTBETCTBUHU C 3aKO-
HOMEPHOCTSIMM, YCTAaHOBJICHHBIMH B [ 8], mpu
YMEHBILICHUM BJIAXXHOCTU U OTBOJE BOJIBI U3
JIESITEJIBHOTO CJIOS Y TaJIMKa 3a IIPeAe/Ibl CTPO-
HUTEJIbHOM IJIOIIAAKN MOBBILIAIOTCS MPOY-
HOCTHBIE XapaKTePUCTUKK: BO3PACTAIOT YIOJI
BHYTPEHHETO TpeHUs (puc. 3) U CLEIICHUE
rpyHTa (puc. 4). A B pe3yjibrate Bo3pacTacT
KO3(DOUILMEHT CTaOUIBHOCTA U CTAOMITU3U-
pYyeTCsI OCHOBaHUE HACKIU (puc. 5).

Takum obpa3zomM, MpuMeHeHe MUHTEHCUB-
HOI'O TEXHOJIOTMYECKOTO PEeKMMa YIUIOTHEHMS
IIPOCAIOYHOTO CJIOSI TPYHTA IIPU OTTauBaHUU
OCHOBAHMSI MIO3BOJIMJIO: CHU3UTD BJIAXHOCTh
JIESITCJIBHOTO CJI0SI M TaJIMKa; IIOBBICUTD CLIETI-
JieHue aegrtenbHoro cios ¢ 14 mo 20 klla,
crerieHue Tanuka — ¢ 9 no 14,5 kIla; yeenau-
YUTh YIOJI BHYTPEHHETO TPEHUSI AESITEIbHOIO
cnost ¢ 25 1o 29,5 rpan v yrojl BHYTpeHHETO
TpeHus Tajauka — ¢ 16 1o 22 rpan.

IIpu 5TOM MHTEHCUBHASI TEXHOJOTHUSI,
paspaboranHas B MUUT [6, 7], Obuia peaiu-
30BaHa B BUJE TEXHOJIOIMYECKOTO periaMeH -
Ta CTPOUTENILCTBA 3eMJISTHOIO IOJIOTHA Ha
y4JacTKaX pacIpoCTPpaHEHMS BBICOKOTEMIIEpa-
TYPHBIX MHOT'OJIETHEMEP3JIBIX TPYHTOB XeJ1e3-
HOZOPOXHBIX TMHUIT O0ckas—boBaHeHKO-
Bo—Kapckas u O6ckas—Canexapy.

BbiIBO4bl

ITpuMeHeHre UHTEHCUBHOM TEXHOJIOIMU
JUISI YIJIOTHEHMSI M YMEHbIIIEHUE BIaKHOCTU
TPYHTOB OCHOBaHUsI 3€MJISIHOTO MOJIOTHA Ha
BBICOKOTEMIIEPATYPHOM MEP3JIOTE MPUBOIUT
K YBEJIMYECHUIO IIPOYHOCTHBIX XapaKTePUCTUK
(cueruieHUsT M yrja BHYTPEHHETO TPEHUsI)
TPYHTOB JIESITEJILHOTO CJIOSI M TaJIMKa B CTPOM -
TeJIbHbBINA niepuo. JIJist TMKBUAALIMY TAJTMKOB

25

== Yro/ BHyTPEHHEro TPeHUs

AeATeNbHOro cnoAa

== Yro/ BHyTPEHHEro TPeHUs
Tanuka

20 /./.

TH - Ha4yano oTTamMBaHus;
Tn - 3aBepleHne oTTanBaHuA.
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TH - Ha4yano oTTamBaHuAa;
Tn - 3aBeplUeHMe OTTanBaHUA.
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OTHOLUEHUE KPUTUUECKUX Hanpmneuuﬁ K
3KCN/1yaTauUOHHbIM

TH Tn 1

T | AHU
2 3

Mepuoa MHTEHCUBHOMN TEXHOIOTUK

Puc. 5. UameHeHne koadpuLmneHTa cTabuibHOCTU OCHOBaHMS.

0OJIBbIION MOIIHOCTU pa3padboTaHa MOAUDU-
KAl MTHTEHCUBHOM TEXHOJIOTMU B COYETAHNU
€O CBasIMM B T€OTEKCTUIbHOI 000siouke. Cama
JK€ TEXHOJIOTHSI TOJKHA OBITh PEKOMEHIOBaHA
MpeXe BCEro B LIEJISIX MOBBILIEHMS Oe30I1ac-
HOCTH 3€MJISTHOTO ITOJIOTHA MIPU CTPOUTETHCT-
BE ITyTeil COOOILEHMSI B KPUOJIUTO30HE.
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INTENSIVE TECHNOLOGY FOR CONSTRUCTION OF A ROADBED

IN THE PERMAFROST ZONE

Shepitko, Taissia V., Russian University of Transport, Moscow, Russia.
Lutsky, Svyatoslav Ya., Russian University of Transport, Moscow, Russia.
Artyushenko, Igor A., Russian University of Transport, Moscow, Russia.

ABSTRACT

An intensive technological regime for increasing
the stability of weak soils is proposed to ensure
safety of the roadbed on the site with the eternally
frozen base of the Northern latitudinal railway
Salekhard—Nadym. It is shown that it is necessary
to take into account talik zones at the design stage,
which can cause various deformations. On the basis
of the fundamental principles of the mechanics of

frozen soils, technological regularities are
established for increasing the strength
characteristics which include the angle of internal
friction and cohesion of soil with decreasing
humidity and draining water from the active layer
and talik beyond the construction site. The
application of intensive technology for reinforcing
the roadbed during the construction of routes in the
permafrost zone is substantiated.

Keywords: railway, safety, stability, eternally frozen soils, roadbed, intensive technology.

Background. Stability of the roadbed in the
regions of permafrost soils must be ensured
throughout the entire life cycle of the railway, starting
from the stage of design and geological survey, during
which data appear on the thermophysical and
physicomechanical processes occurring in Soils.
Under the influence of these processes, deformation
occurs during thawing, adversely affecting safety of
the engineering structure [1, 8]. The works on the
theory of the roadbed of G. M. Shakhunyants [10] and
M. N. Goldshtein [2], devoted to its design and
operation, do not fully reveal the problem of changing
the physical and mechanical characteristics of soils
in the process of construction.

The urgency of this problem was confirmed when
considering the results of engineering surveys and
assessing the stability of the base on the sections of
the construction of the Northern latitudinal railway [5,
6]. The analysis showed that in the high-temperature
permafrost (with a positive soil temperature at the
boundary of zero amplitudes) the second construction
principle (with the assumption of thawing) leads to
especially numerous deformations of the earth
foundation.

At the stage of designing the construction of a
new railway line in the area of permafrost soils, it is
necessary to take into account the presence of
possible hazardous areas. Such, in particular, are talik
zones, which have a negative impact on the
construction of the roadbed and its subsequent

operation [10]. Such zones can be the cause of the
appearance of various deformations on construction
sites [1]. To destruct high power taliks, a modification
ofintensive technology was developed in combination
with piles in the geotextile shell [4].

The intensive technology developed at Russian
University of Transport (MIIT) has proved effective to
prevent deformations of the roadbed. It had been
patented [3] and for the first time it was implemented
by JSC Tsentrostroymekhanizatsiya during
construction of the motorway Moscow Ring Road—
Kashira [7].

Objective. The objective of the authors is to
consider the intensive technology for construction of
a roadbed in the permafrost zone.

Methods. The authors use general scientific and
engineering methods, comparative analysis,
evaluation approach, modeling, graph construction,
specific enginnering methods of transport
construction in permafrost zones.

Results. Let’s consider the experience of
realization of intensive technology at the example of
sections of the roadbed of Salekhard—Nadym railway
line. Analysis of the stability of the base, carried out
in [5, 12], showed the presence of potentially
hazardous areas with a stability coefficient (K ) of
0,688. Since K, < 1, the strength of the base is not
ensured. The check in the program complex Plaxis
(Pic. 1) confirmed the instability of the base: K, =
0,767.

Calculation information ——
[Multihers | Additonal Info | Step Info |
Step Info

Step 3450f346  Extrapolation factor 1,000
Plastic STEP Relative stiffness 0,000

[ Multipliers

Incremental multipliers Total mutipiers
Prescribed displacements Mdisp: 0,000 | E-Mdisp: 1,000
Load system A MioadA: 0,000 I-MoadA: 1,000
Load system B MioadB: 0,000 T-MioadB: 1,000
Soil weight Mweight: 0,000 | I-Mweight: 1,000
Acceleration Maccel: 0,000 I-Maccel: 0,000
Strength reduction factor Msf: 0,000 E-Msf: 0,767
Time Increment: 0,000 | End tme: 733,067
Dynamic time Increment: 0,000 | End tme: 0,000 !
e | o]

Pic. 1. Results of calculating the stability coefficient using the software complex Plaxis.
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) The intensive technology .m.akes it possible' to CTwiﬁcation of potentially hazardous arcas )
improve the strength characteristics of the foundation

soils by means of sealing and moisture reduction
measures (Pic. 2).

The first stage of the intensive technology is ]
arrangement of drainage systems to accelerate | Determination of K, from the exploited embankment |
consolidation. This process is executed through - )

removal of water, squeezed out of the thickness of Yes No
the weak base.

| Determination of the depth of freezing-thawing l

The second stage is accomplished to harden the 7
foundation soils by compacting them with the use of | ‘Arrangement of a drainage system |
an additional external load from ground vibrating T
rollers, which allows to reduce humidity, increase the -
strength and the modulus of deformation of soils. | Water drainage ]
In accordance with the recommendations on the ¥
intensive technology [7, 11], its design includes the Water removal during migration moisture accumulation
choice of organizational and technological methods
that, in combination, improve the performance Intensive technology
(characteristics) of the foundation of the roadbed:
- reduction and subsequent damping of | Determination of K, from the exploited embankment ]
subsidence (S); v N
— growth of the deformation modulus (E); es ¢ 0
— increase of the strength characteristics of the
soil (C, ¢).
Due to the use of the intensive technology in the | Additional measures to strengthen the foundation ]
design of earthworks on the section Salekhard—Nadym, T
the humidity of the active layer and talik decreased from _)Gons truction of a roadbed )
33,5 % to 23,3 % and 29,4 %, respectively. In

accordance with the regularities established in [8], with
a decrease in humidity and water removal from the
active layer and talik beyond the construction site,
strength characteristics increase: the angle of internal

Pic. 2. Schematic diagram of increasing the stability
of the roadbed on a subsidence base.

degrees
I I
30
I .,.—-‘— _t Angle of internal friction
of the active layer
25 — Angle of internal
friction of talik
F._
20 Tn - start of thawing
- Tp - end of thawing
15 . days

Intensive technology period

Pic. 3. Change in the angle of internal friction of soils of the active layer and talik.

kPa

20 | -
f/-"

o

Cohesion of the active
=8= Jayer

15 >

== Cohesion of talik

P i
10 ./ Tn - start of thawing

4
Tp - end of thawing ,"i;’g"
i

Tn Tp 1 3 3 days
Intensive technology period

Pic. 4. Change in cohesion of soils of the active layer and talik.
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friction ( Pic. 3) and soil cohesion increase (Pic. 4). As
aresult, the stability coefficient increases and the base
of the embankment stabilizes (Pic. 5).

Thus, the use of the intensive technological mode
of compaction of a subsidence layer of soil during
thawing of the base allowed: to reduce moisture of the
active layer and talik; to increase cohesion of the active
layer from 14 to 20 kPa, cohesion of talik — from 9 to
14,5 kPa; to increase the angle of internal friction of
the active layer from 25 to 29,5 degrees and the angle
of internal friction of talik — from 16 to 22 degrees.

At the same time, the intensive technology
developed at Russian University of Transport(MIIT) [6,
7] was implemented in the form of technological
regulations for construction of a roadbed on the
sections of high-temperature permafrost soils of the
railway lines Obskaya—Bovanenkovo—Karskaya and
Obskaya-Salekhard.

Conclusions. The use of the intensive technology
to compact and reduce moisture contents of soils of
the base of the roadbed on high-temperature
permafrost leads to an increase in the strength
characteristics (cohesion and angle of internal friction)
of soils of the active layer and talik during the
construction period. For destruction of high power
taliks, a modification of the intensive technology in
combination with piles in the geotextile shell has been
developed. The technology itself should be
recommended first of all in order to improve safety of
the roadbed in the construction of railways and roads
in the permafrost zone.
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