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AHHOTALUUA

BBepeHue. [NpegmeTtom nccnenoBaHns ABNSETCS TUM NOANOPHOMO COOPYXXEHWS, NPeAcTaBnsALLmMin cobon nocnegosaTesb-
HOCTb YCTaHOBMEHHbIX APYr Ha Apyra U He NMEIoLLMX Mexay COBOM XeCTKON KOHCTPYKTUBHOW CBA3W MyCTOTeNbIX GrokoB,
3anonHeHHbIX WebHeM. AKTyanbHOCTb WMCCNeAoBaHNA COCTOMT B HEOBXOAMMOCTM pa3paboTkM pacyeTHOro 060CHOBaHWSA
paccMaTpuBaeMoro KOHCTPYKTUBHOIO pelleHWst MOAMOPHbIX CTEH MpY pasnuyHbIX YCNOBUSIX aKcnnyaTauuu. HayuHas Ho-
BM3Ha 3aknioyaeTcsi B 000CHOBaHMM 1 pa3paboTke HOBbIX TEXHUYECKMX PeLUeHMI, HanpaBeHHbIX Ha paclunpeHne obnactu
NPUMEHEHNS NEePCNEKTUBHBIX KOHCTPYKLMIA MOAMOPHBLIX COOPY>KEHWI, NpakTuyeckasi 3Ha4MmoCcTb — B paspaboTke u coBep-
LLIEHCTBOBaHWM TEXHOMNOTMNIN NX BO3BEAEHUS.

Matepuanbl n metoAbl. MNpn 06cnefoBaHM U cUCTeMaTU3aLmMn CBEAEHNI O TEXHNYECKOM COCTOSHUN BO3BEAEHHbIX Noa-
MOPHBIX COOPYXXEHWIA UCMOMNb3YHOTCS HOPMATUBHbIE METOAMKN U pekoMeHAaumu. BeinonHeHo Bu3yanbHoe obcnenoBaHne
COOpYXeHU ¢ oToduKcaumnern NoBpexaeHni n aedekToB, 0bMepHble paboTbl, a Takke reogesnyeckne pabdoTbl ¢ PUk-
caumen koopavHaT xapakTepHbIX TOYEK MOANOPHbLIX COOpYXeHuin. MeToabl aHanmaa HanpsixxeHHo-4edopMUPOBaHHOIO CO-
CTOSIHVSA COOPY>XEHUSI NO3BONMN pa3paboTaTb HOBble TEXHUYECKME PELUEHUS B YACTW BOBIIEYEHUSI OKPYXaloLWero rpyHTa
B paboTy KOHCTPYKLMK.

Pe3ynbraTbl. AHanusa pesynsratoB 06cnegoBaHns NOANOPHBLIX COOPYXXEHWUN, BbINOMHEHHbIX HAa obbekTax r. BnagnsocToka
B nepuop ¢ 2010 r., nokasar, 4YTo KaTeropum TEXHUYECKOro COCTOSIHMSA 06CneaoBaHHbIX 0ObLEKTOB ONpeaensaTcs Kak Hop-
mMaTuBHoe M pabotocnocobHoe. C Lenbio paclumpeHns obnact NPUMEHEHUs paccMaTpUBaeMblX KOHCTPYKLMIA B YacTy
Avana3oHa xapakTepucTVK YAepXX1BaeMoro rpyHTa u yBenMyeHus BbiCOTbl MoAnopa pa3paboTaHbl HOBble TEXHUYeCKue pe-
LUEHUsi, HanpaBreHHble Ha yYBEeNMYeHNe MacCUBHOCTM CTEHKW W BOBIEYEHUE YAEepXMBAEMOro rpyHTa B obecrneyeHne aKc-
nnyaTauMoHHbIX Ka4eCTB MOAMOPHOIO COOPYXEHUS.

BeiBoabl. B pesynsraTte nccnenosaHnin BniepBble cvcTEMaTM3MpoBaHa MHOPMaLMSA O TEXHUYECKOM COCTOSHWUM 3KCNIyaTu-
pyeMbIX NOAMOPHbLIX COOPYXEHWI, BbIMOMHEHHbIX U3 3anONHEHHbIX TPYHTOM BrIoKOB-KOpPODOOB: B LIENIOM CTEHKW MOKa3biBaloT
XOpOLUy paboTocnocobHOCTb B AOCTATOMHO CypoBbIX YCroBusix JansHero Boctoka Poccun. PaspaboTaHHble HOBblE TEXHU-
Yeckne peLleHns No3BonsT 060CHOBaHHO PacLUMPUTL 0BnacTe NPUMEHEHUS pacCcMaTpyBaeMbIX KOHCTPYKLIMIA 3a CHET code-
TaHWS NOMNOXMUTESbHbLIX KA4eCTB MONYrpaBUTaALMOHHBIX KOHCTPYKLIMIA MOAMOPHBIX CTEH U TEXHONOMUIA apMUPOBAHHOTO rPyHTA.

KIKOYEBBIE CJTOBA: nonyrpaB1TaLOHHbIE NOAMNOPHbIE CTEHKM, NyCTOTENbIe BOKN, 3anofIHEHNE LeOHEM, MOHUTOPWHT,
TEXHOMNOrnsa BO3BEAEHMS
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BBEJIEHHUE

ABSTRACT

Introduction. The subject of the study is a type of retaining structure representing a series of blocks filled with crushed
stone which are installed on top of one another without a rigid connection. The relevance of the study is set by the necessity
of developing a design justification of the considered retaining wall constructive solution under various operating conditions.
The scientific novelty of the study consists in justification and development of new technical solutions aimed at expanding
the scope of application for promising retaining structure designs, whereas the practical significance of the study consists in
development and refinement of construction technologies related to such designs.

Materials and methods. Normative methods and recommendations are used for inspection and systematization of in-
formation on the technical condition of erected retaining structures. Visual inspection of the structures with photo fixation
of damages and defects, measurement works, as well as geodetic works with fixation of coordinates of characteristic points
of retaining structures were carried out. Methods of analyzing the stress-strain state of the structure allowed to develop new
technical solutions in terms of involving the surrounding soil in the work of the structure.

Results. The analysis of the results of the survey of retaining structures carried out at the Vladivostok city objects since
2010 has shown that the categories of technical condition of the surveyed objects are defined as normative and serviceable.
In order to expand the scope of application of the structures under consideration in terms of the range of characteristics
of the retained soil and increase the height of the retaining wall, new technical solutions were developed aimed at increasing
the massiveness of the wall and involving the retained soil in ensuring the operational qualities of the retaining structure.
Conclusions. As a result of the research, for the first time the information on the technical condition of the operated retain-
ing structures made of soil-filled box blocks was systematized: in general, the walls show good serviceability in rather severe
conditions of the Far East of Russia. The developed new technical solutions will make it possible to reasonably expand
the application area of the considered structures due to the combination of positive qualities of semi-gravity retaining wall
structures and reinforced soil technologies.
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COOpy)KeHI/Iﬁ IO CTCIICHU BOBJICUCHUA YACPKUBAECMOT'O
T'pyHTa B obecreueHue YCTOﬁQHBOCTH cucteMsl. [1o aTo-

ITonnopHbIe COOPYKEHUS PA3IUYHBIX KOHCTPYK-
My TOKa3aTelIto MOINOPHBIE COOPYKEHUSI MOTYT OBITh

UM IUPOKO MPUMEHSIOTCS U1 00eCTIeueHHs yCTOHIH-
BOCTH MacCHBOB I'PYHTa: HallpUMep, IPHU BEPTHKATIbHON
MJIaHUPOBKE MECTHOCTH B MPOMBIIIJICHHOM U TpaX-
JTAHCKOM CTpPOUTENBCTBE [1], ycTpoiicTBE TOPOKHBIX
HaCBINEeH B TPAHCIIOPTHOM CTPOUTEILCTBE [2], hopmu-
POBaHMN MCKYCCTBEHHBIX TEPPUTOPUIN U MPHUYAIBHBIX
COOPY)KEHHH B THAPOTEXHUIECKOM CTPOUTENBCTBE [3]
U B Apyrux oOmacTsax. B 3aBucuMocTu oT ciennpuku
MIOCTABJICHHBIX 33/1a4 Pa3pabOTaHbl Pa3INYHbIC BapHaH-
TBI TIOJIIIOPHBIX COOPYKEHHH, MHOTOOOpa3ne KOHCTPYK-
THUBHBIX PEIICHUI KOTOPBIX MOXKET OBITh CHCTEMaTH3H-
POBaHO C TIOMOIIBIO PA3IMYHBIX KIACCH(PUKAIMOHHBIX
npu3HaKoB [4]. YIOOHBIM MpencTaBIseTcs MPH3HAK, 110-
3BOJISIFOLIMN CHCTEMaTH3HPOBATh PEIICHUS TTOIIOPHBIX

YCIIOBHO Pa3/ICJICHbI HA MACCHBHBIC (TPaBUTAI[IOHHBIC),
MOJIyMACCUBHBIE (TOTyTPAaBUTAIIMOHHBIE) U COOPYKEHHUS
13 apMUPOBAHHOTO TpyHTa [5].

ba3oBbie METOMKHU pacyeTa MOIIOPHBIX COOPYIKe-
HUM, IPUMEHSIEMBIE B TPAHCIIOPTHOM CTPOMUTEINILCTBE,
JIOCTaTOYHO XOPOIIO mpopaboTansl. [Ipu 3ToM paspa-
00TKa U BHEAPEHNUE HOBBIX KOHCTPYKTUBHBIX PEHICHHI
MOJITIOPHBIX COOPYKCHUN MPUBOIUT K HEOOXOAUMOCTHU
JIOTIOJIHEHUSI M PACIIUPEHUS METO/IMK PACcUeTa C IIEJbI0
y4eTa KOHCTPYKTHBHBIX OCOOCHHOCTEH COOPYIKCHHUS,
crieu(UKA BOCTIPUATHS HATPY30K, B3aUMOJICHCTBHUS
JJIEMEHTOB TMOJMOPHOTO COOPYXECHHS MEXKAY COOOM
Y C OKpY>Kaloulei cpeaoit.
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OIHMM U3 TIEPCHIEKTHBHBIX HAIIPABJICHUH Pa3BUTHS
KOHCTPYKTHBHBIX PEIICHHHA MOATOPHBIX COOPYKCHHUN
SIBIISICTCS MICTIONIb30BAHUE TPYHTA KaK KOHCTPYKTHBHOTO
AJIEMEHTA CTEHKH, YTO JIOCTUIAeTCsl YKIIAIKOH €ro B Crie-
[IMAJILHO YCTPOEHHBIE MOJOCTH B HECYIINX JIEMEHTaX
KOHCTpYyKIUH. [TycToTensie Hecymue KOHCTPYKIINHA MO-
T'YT OBIT BBIIIOJIHEHBI B BUJIE OT/IEIBHBIX TOHKOCTEHHBIX
000J104€K ¥ KOPOOOB, yCTaHABIMBAEMBIX PYT Ha Jpyra
B OTIpPEZIETICHHOM Topsizike. [1omopHbIe CTEHKH TaKoTOo
trma ¢ 1990-x IT. MpUMEHSFOTCS, Hanpumep, B Smoxnu'2,
W3BECTHBI penienust, ucnojb3yembie B CIIIA®, u B Ha-
cTOsIIIIee BpEeMsl HaXOISIT CBOE IMpUMeHeHne B Poccun
u cTpaHax Asuu [6].

bazoBasi KOHCTPYKIMS Npe/ICTaBIsIET COOOU CTy-
TIEHYaTYI0 MOANIOPHYIO CTEHY, COONPAEMYIO 13 HECKOIIb-
KHX YPOBHEH kKeJe300€TOHHBIX MyCTOTEIbIX OIIOKOB-
KOpPOOOB, MOJOCTH KOTOPBIX MOCIIEI0BATEIHHO 3aI101-
HSIOT IeOHEeM orpezeseHHoH (pakuuu (puc. 1).

brnaroyapst OTCYTCTBHIO KECTKHX KOHCTPYKTHBHBIX
cBsi3el MeXy OJIOKaMM KOHCTPYKLUS MpEZIoiaraer
BO3MOJKHOCTh HEOOJBIINX B3aMMHBIX ITOIBIKEK OJ0-
KOB, HE OKa3bIBAIOIINX BIMSHUS HA SKCILTyaTallMOHHbIC
KayecTBa, HO IPU 5TOM 3HAYHUTEIILHO TTOBBIILIAIONINX €€
KOHCTPYKTHBHYIO THOKOCTB. [TocienHee 00CToATENbCTBO
cenao 1eaecoo0pa3HbIM MPUMEHEHHE CTEH TaKoTo
TUIIA B YCJIOBHSIX AMHAMUYECKHX HArpy30K W BO3Jeii-
CTBUIL: IPEXIE BCETO, CEHCMUYECKHX, a TAKKE HArPy30K
OT TPAHCIIOPTHOM BUOpAIMK. XOPOIIO NPOCMaTPUBACTCS
MIepPCIIEKTHBA UCIIOIB30BaHUS MOIIOPHBIX COOPYKEHUN
13 3aMOJIHEHHBIX TPYHTOM OJIOKOB JUTS pEIIeHUs 3a1a4d
JIOPOXKHOTO CTPOMTENILCTBA: MTPU BO3BEJICHUH HACHIIEH,
YCTPOWCTBE BBIEMOK, (DOPMUPOBAHUH YCTOEB MOCTOBBIX
nepexooB u ap. (puc. 1).

' Oruer 00 3KCIIepTH3E TEXHOJIOTHH CTPOHTENbCTBa. CTpou-
TEJILHBIE MaTepHaIIbl/U3/IEINs/TEXHOJIOTUH, TEXHOIOTHH CO-
JIepIKAaHMST TOPOT. AKT CTPOUTEIILHO-TEXHUUECKOH SKCIIEPTH3BI
No 0327. HaxsioHHast oJriopHasi CTeHa ¢ BO3MOXXHOCTBIO KOH-
takta «KopoOuarast noanopHast crenay. Snonwus : Mccnenosa-
TEJILCKUI LEHTP IPaXKJAHCKOr0 CTpouTenscTa, 2014. 238 c.

2 Meroauka crpoutenscta «IlofamopHas creHa kopoGyaroro
THna». PykoBozicTBo 1o rpoekTipoanuio // VccaenoBarenbeknii
LICHTP IPaXKIaHCKOIO CTpouTenbeTBa. Snonus, 2016. 180 c.

3 Stone Strong Systems. URL: https://www.stonestrong.com/
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B 3aBucuMocTH OT 00J1aCTH IPUMEHEHUS U pella-
eMBIX 3aj[a4 KOHCTPYKIIMS MYCTOTEJIOro OJIoKa MOXKET
OBbITh pa3nU4YHON. 13BECTHBI OJIOKHU, H3rOTABINBACMbIC
AnoHCKoN (upmoii Aizawa Koetsu* u poccuiickoii Gpup-
moii OO0 «Kopbet»?®, KoTopbie MPEACTaBIIOT cO00i
IIYCTOTEIIBIH KeJIe300eTOHHBII KopoO 0e3 THa C TOHKH-
MH CTEHKaMH CIOKHOU popmel (puc. 2, a). Korndury-
panus 6J0Ka MO3BOJISET 00ECHEYNTh OTCYTCTBHE HEMO-
CPEJCTBEHHOTO KOHTAaKTa MEXAY OIOKaMH CMEXHBIX
ypoBHeil. ®acajiHasi rpaHb OJIOKa IPEBOCXOIHT THIIOBYIO
IpaHb U IO BBICOTE, H 110 IIUPHHE, YTO JaeT BO3MOXK-
HOCTB: 1) 6€301acHO BBHIMOJHHUTE 3aII0JTHEHHUE MTOJIOCTH
Omoka M 3a0JIOYHOTO TPOCTpaHCTBa (MaszyX) mecOHEM
1 YIJIOTHUTB €T0 MOCJIONHO BIUIOTh 0 YPOBHSI BEPXHEU
OTMETKH 0JI0Ka; 2) M3MEHSITh KOH(QUTYPAIHIO CTCHKH
B IUTaHE, BBITTOJIHSS IUIABHBII TOBOPOT (acana (puc. 2, b).
Ha koHIIeBBIX (TOPLEBBIX) y4acTKaxX HOIIOPHOH CTCHKH
OJIOKH «BKJIAJIBIBAIOTCS» IPYT B ApYyra C MEePEeBOPOTOM
BepxHero Osyoka Ha 180° BOKpYT OcH, MepHeHUKYIISP-
Holt pacamy. Takum 0Opa3oM GOpMUPYETCS TIOBOPOT CO-
opykeHwus B taHe Ha 90° (puc. 2, ¢).

B 11eom pacueT moAnopHbIX CTEHOK paccMaTpH-
BaEMOT'0 THIIA YKJIa/[bIBAETCSI B PAaMKH 0a30BBIX HOpMa-
THBHBIX METOJIMK pacyeTa IOANOPHBIX COOpyKeHHiH® 75,
IIpu sToM crenuduka KOHCTPYKIHU M TEXHOJIOTHH
BO3BEJICHUSI TPEOYIOT CBOETO pojia KIPUBSI3KM» TAKOTO
KOHCTPYKTHUBHOTO DEIICHHs K JIeHCTBYIOIIMM HOpMaM
pacyeTa M B 4aCTH aHAIUTHYCCKUX PELICHHH, U B 00-
JIACTHU MOCTPOCHUS YUCIICHHBIX Mojiesiel. B Hacrosiiiee
Bpemst chopMUpOBaHa METO/IMKA TI0YPOBHEBOIO pacyuera
YCTOWYMBOCTH KOHCTPYKIMH; BEIYTCSI MCCIICOBAHUS,
HAaIpaBICHHBIC HA YTOYHEHNE aHAJIMTHYECKOTO PELICHHS
JUIS OTIPEJICNICHUsI aKTUBHOTO JIABJICHUS] TPYHTA, & TAKIKe

4 Aizawa Group. URL: https://www.aizawa-group.co.jp

5 YeTpoWCTBO 1 MPOSKTUPOBAHUE TIOAMOPHBIX CTEH U3 OIIOKOB
KBII. URL: https://korbetstroy.ru/

¢ CIT 381.1325800.2018. Coopy»xenust moamnopusie. [IpaBuia
npoextupoBanus. M. : Cranmapturdopm, 2018. 109 c.

7 CIT 101.13330.2023. TToamopHbIe CTEHBI, CYIOXOIHBIE MU0~
3bI, PHIOOTIPOITYCKHBIE M PHIOO3AIIUTHBIE COOPYX)EeHUI. M. :
Munctpoit Poccnn, 2023. 170 c.

8 CII 43.13330.2012. Coopy»KeHHs MPOMBIIICHHBIX TIPEI-
npustaid. M. : Munperunon Poccun, 2011. 99 c.

Puc. 1. Cxemsl ceuennii 1 HparMeHTHI PACUSTHBIX CXeM MOAMOPHBIX COOPYKEHHH U3 3aITOTHEHHBIX MeOHeM OIIOKOB B TpaHC-

MOPTHOM CTPOUTEIBCTBE: @ — MOATIOPHAsI CTEHKA JOPOXKHOM HACHINN; b — yCTOIl MOCTOBOTO Iepexoaa

10



[oAnMopHbIe COOPYXEHMS U3 3arOAHEHHbIX LiebHeM 6AOKOB: pPe3yAbTatbl MOHUTOPUHIG

C. 8-19
1 pa3BUTHE TEXHOAOT MM BO3BEAEHNS

J:.:r

b c

Puc. 2. [TonnopHoe coopyKeHHE U3 3alOJHEHHBIX MIeOHEM OJIOKOB: @ — CXeMa MOMEPEYHOr0 CeUeHUs; b — KOH(UTypaun

B TIJTaHe; ¢ — (PpParMeHT TOPIEBOTO yJacTKa

Ha ()OPMHUPOBaHKHE METOANK YMCICHHOTO MOZEIMPOBa-
HUS U ONpEAeSICHUs IapaMeTPOB YUCIIEHHBIX MOZAEIEH.
Pe3synbrate! uccaeqoBaHuiA TO3BOMIAT 0OOCHOBAHHO JI0-
MOJIHUTH ¥ PACIIMPHUTH 0OIACTh MPUMEHEHUS MOAIIOP-
HBIX COOPY)KEHHI U3 3aTIOTHEHHBIX TPYHTOM OJIOKOB.

MATEPHAJIBI U METO/JbI

Bo BCcTynuTenbHON YacTH pabOThI IPUBEICH aHa-
JIU3 TaHHBIX MOHUTOPUHra pab0OTOCIIOCOOHOCTH ClIaH-
HBIX B DKCIUTYaTalUIO U OKCIUTyaTUPYEMBIX MOATIOPHBIX
COOPYKEHUI M3 3alOJHEHHBIX MIEOHEM IMYyCTOTENbIX
610k0B. CocTosiHEe 00BEKTOB YCTAaHOBICHO METOaMU
TEXHUYECKOTO 00cienoBanus [7], BKIOYABIICTO BH3Y-
AJbHO-UHCTPYMEHTANIBHBIH KOHTPOJIb, OOMEPHBIE U T€0-
Jie3ndecKue paboThI C OMPEICIICHUEM KaTerOPUU TEXHHU-
YECKOTO COCTOSIHUSI 00beKTOB B cooTBeTcTBUM ¢ [ OCT
319372011 «3nmanust u coopyxenus. [IpaBuna odceno-
BaHUSI © MOHUTOPUHI'A TEXHUYECKOTO COCTOSIHHSD).

B pesynbrare aHanm3a MpOSKTHBIX PEHICHUN C HC-
II0JIB30BAHUEM METOAUK ITATCHTHBIX I/ICCHeI[OBaHI/Iﬁ
M Ha OCHOBE M3y4eHHUs1 pabOThI AIEMEHTOB COOPYKEHHS
B COCTaBE TCOTEXHUYCCKON CHCTEMBI pa3paboTaHbl HO-
BbIC TEXHUYCCKUE PCUICHMS, HAIIPABJICHHLIC HA ITOBLI-
IICHKE 3araca YCTOWYMBOCTH KOHCTPYKIIMHU JIJIs CITydast
OTHOCHTEJIBHO CJIA0BIX IPYHTOB, @ TAKKE YBEIHMUCHUS
BBICOTHI Iofiopa. C MOMOIIBI0 METO/IAa aHAJIM3a HAIpsi-
KEHHO-11e(DOPMUPOBAHHOTO COCTOSIHUSI COOPYKEHUS
pa3paboTaHsl KOMOMHHPOBAHHBIE TEXHUYCCKUE perlie-
HUs, COYCTAIONINE B ce0C MOJOKUTEIBHBIC KaueCcTBa
0J10kO0B-000JI0UCK, KOHTPOJIUPYEMBIX 10 CBOMCTBAM 3a-
CBITKU U TEOCHHTETUYECKUX MaTepPHaIIOB, BOBJICKAIOIINX
yAEp)KUBAEMbIil MACCUB TPyHTa B oOecrieueHne o0Iei
YCTOWYHBOCTH COOPYKCHHUSL.

PE3YJIBTATHBI HCCJIEJOBAHMUSA

West KOHCTPYKTUBHOTO MPHEMa B BHJIE CO3JAHMUS
MOJIOCTEH B HECYIIUX IEMEHTAX MOIIIOPHBIX COOPYIKE-
HUH /U151 3a1I0JTHEHHS] UX TPYHTOM HE SIBJISIETCSI HOBOM
B JIOPOXKHO-CTPOUTENbHOM MpakTuke. M3BecTHBI, Ha-
npumep, pemenus ToOmnmmcckoro ¢umuara Coro3mop-
MIPOEKTa, KOTOPBIH pa3padoTai MPOEeKT MOAIOPHBIX CTCH
13 KOPOOUaThIX OJIOKOB ISl aBTOMOOMIIBHBIX J0pOT [8].
[TogoOHast KOHCTPYKIHSI TIOAMOPHBIX CTEH M3 JKENe30-

OCTOHHBIX KOPOOUATHIX JICMCHTOB ObLIa BBHIMOJHCHA
Ha 3aKaBKa3CKOM kele3Hoi mopore. Konmerust obec-
MEYCHUS MACCHBHOCTH 3a CYET 3aIOJTHEHUsS IyCTO-
TEJBIX 00bEMOB TPYHTOM aKTHBHO PCaJIM30BHIBAIACH
U peam3yeTcss B THAPOTEXHUIECKOM CTPOUTEIHCTBE [9]
npu GOPMHUPOBAHUN MACCHUBHBIX KOHCTPYKITHHA TIOPTO-
BbIX coopykeHuil. Hanpumep, ['unpopeurpanc paspa-
00TaJ MPOCKTHI PEUHBIX MPUIATOB 3 JKEIIC300e TOHHBIX
ITyCTOTENBIX SIIUKOB IIPH BBICOTaX CTEH OT 4,5 10 9,5 M
¢ uHTEepBaNamMu yepe3 | M. MakcuMaslbHBIN Bec SAIMNKa
25 1. TpaHCTIOPTUPOBKA SILIUKOB K MECTY YCTAaHOBKH BbI-
MOJIHSIETCS IO BOAE 3a cyeT ux IuiaBydectu [10].

[lepBbIe mprMeEpBI IPUMEHEHHS B TOPOKHOM CTPO-
UTEJbCTBE COBpEeMEHHON Poccum moamopHbIX CTeH
13 HeOOIBIINX COOPHBIX ITYCTOTEINBIX OJIOKOB, 3aIIOITHSI-
eMBIX IebHeM, oTHOocsTes K cepenuae 2000-x IT., Korma
paccmarpuBaeMasi KOHIETIIHSI YK€ XOPOIIIO 3apEKOMEH-
noBaja ceos Ha JlanpHem Bocrtoke, B SInonuu. B cTonu-
ue PO, r. Bnagusocroke, B nepuoz ¢ 2005 1. BO3BeEHbI
JIECSITKU TIOATIOPHBIX COOPYKeHUH TaHHOM KOHCTPYKIIIH
B cOCTaBe 0OBEKTOB I'Pa’KJAHCKOTO, TPOMBIILICHHOTO,
TPAHCIIOPTHOTO U TUAPOTEXHUUECKOTO CTPOUTENIHCTBA.
Jlnana3oH NpPOEKTHBIX PELICHUH ITPU 3TOM BEChbMa ILIU-
POK: OT MaJIbIX apXUTEKTYPHBIX ()OPM U HEOOJIBIINX MO/
TIOPHBIX CTEH BJIOJb JIOPOXKHOTO TosIoTHa (puc. 3, a, b)
IO KOHCTPYKIIUH 3HAYUTEITEHON BBICOTHI, 00CCIICYNBAIO-
IUX TUIAHUPOBKY 3acTpoiku (puc. 3, ¢, d), hopmupyro-
IIUX IOPOXKHYIO HACKIIB (pHC. 3, €), 100 00pa3yroIInX
YCTOM MOCTOBBIX TIepeXooB (puc. 3, f).

Pezynomamvr mexnuuecrkozo o6cnedosanus

C 1enblo oneHKH paboTOCTIOCOOHOCTH MOIIOPHBIX
COOPY’KCHHH U3 3aMOHEHHBIX MIEOHEM ITyCTOTENBIX O10-
KOB, BO3BCICHHBIX B HavaJIbHBIN nepuoa NpuMEHCHUA,
¢unmmanom LleHTpanbHOrO HayYHO-MCCIIEIOBATEIHCKOTO
1 IPOEKTHOTO MHCTUTYyTa MUHNCTEPCTBA CTPOUTEIIHCTBA
U KWIMIITHO-KOMMYHaJIbHOTO X03siiicTBa Poccuiickoi
Oenepanuu «JlanbHEBOCTOUHBIN HAayYHO-UCCIIEA0BA-
TENBCKUH, IIPOEKTHO-KOHCTPYKTOPCKUI N TEXHOJIOTHYe-
CKHl MHCTHUTYT IO CTPOUTENbCTBY» ((prmman [THUNII
Musnctpost Poccun «lansHUMCy) nmpoBeaeHo TexXHH-
Yyeckoe 00cIeIoBaHNe JIecsITKa Hanbosee XapakTepHbIX
U KOHCTPYKIMH 00BEKTOB B T. BiamuBocroke. Mimmo-
CTpaIM{ HEKOTOPBIX M3 00CICAOBAHHBIX 0OBEKTOB TIPH-
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Puc. 3. IToanopHsle CTEHBI 13 3aII0OTHEHHBIX MeOHEeM OIIOKOB: @ — Ha TeppuTopru Beepoccniickoro nerckoro nenTpa «Oxeam» (Bma-

IIMBOCTOK); b — B paiioHe ToproBoro 1eHTpa «Kamua Momm (BraguBocTtok); ¢ — Ha yi1. Komargopekoii (BraanBocTok); d— B paiione

JKHJIOTO MUKpopaiioHa «CHerosast maap» (BrmaguBoctok); e, f— Ha Tpacce Jle-®pus — [Narpok (BramusocTok)

BeZICHBI Ha pucC. 3, b—e. [IoaMOpHBIC CTEHBI BO3BEICHBI
B rrepuoz ¢ 2010 . Bo BraguBoctoke. B kagecTBe OmokoB
UCITOJIB30BAHBI KEJIe300€TOHHBIE ITyCTOTENbIe KopoOa
mo TY 5859-001-88259817-2009 «KoHCTpyKTHBHBIN
OJIOK UTS IOATIOPHOM CTEHKH ¥ TTOATIOPHBIC CTCHKU TH-
nos KBIT 100/200, KBIT 100/150, KBIT 50/200%°.
Cormnacuo 3akmiouennio JansHUUC PAACH!
B pe3yJbTaTe TEXHUUESCKOTO 00CIICIOBAHNS, BKITFOUABIIIC-
TO BU3YaJIbHO-HHCTPYMEHTAIBHBIN KOHTPOJIh, 0OMEpHEIC
U TEO/Ie3NIeCKUe paboThI, YCTAHOBIICHO, YTO B COOTBET-

2 CTO 88259817-001-2018. CTeHbI MOATIOPHBIE CEHCMOCTONKIE
TPaBUTAIIOHHOTO THMA U3 OIOKOB KOHCTPYKTHBHBIX JKEJIE€30-
oeronnsix Tura KBII. Texanueckue tpeboBaHus. Braauso-
ctok : OO0 A3Konkput, 2018. 38 c.

19 Ot9er mo pe3ynpraraM 0GCISIOBaHIS TEXHIIECKOTO COCTO-
SIHHSL OJTIOPHBIX CTEH 13 OIOKOB C TPYHTOBBIM HAMOIHUTENIEM
B I. BmaguBoctoke. Bnangusoctok : ®unmunan ®I'BY « ITHUUIT
Munctpos Poccrm» JansHUNC, 2023. 79 c.
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creun ¢ [OCT 319372011 «3panust u coOpy>KeHHS.
[IpaBuna obcnen0BaHNs 1 MOHUTOPUHI'A TEXHHYECKOTO
COCTOSIHUSI» KaTerOpHH TEXHUYECKOTO COCTOSIHUSA TIepe-
YHCJICHHBIX OOBEKTOB OMPEEIIIIOTCS KaK HOpMAMUGHoe
U pabomocnocobHoe.

Pesynbrarsl 06cneJOBaHUs M IPAKTHKA PacueTOB
TMIOKa3bIBAKOT, YTO HOJIIOPHBIE COOPYKEHHS pacCMaTpu-
BAaeMOM KOHCTPYKIMH B 0a30BOM HCIIOJHEHUH UMEIOT
OrpaHUYCHHs 00JacCTH NPUMECHEHHS B 3aBHCHUMOCTH
OT (HU3MKO-MEXaHHYECKHUX XapPaKTCPUCTUK YIEPIKH-
BAaEMOT0 MaccuBa I'PYHTA: Ui OTHOCHTENBHO CIIA0bIX
IPYHTOB MaKCHMaJIbHasl BBICOTA COOPY)KEHHSI COCTaB-
JsieT 5—6 M; JUIsl TPYHTOB C BBICOKHMMH 3HaYCHHUSIMH I10-
KasaTelsiell MPOYHOCTHBIX XapaKTEPHCTUK BBICOTA MOXKET
nmocturats 10—12 M; A7 CKabHBIX TPYHTOB — 10 15 M.
[Ipu 3TOM AJIst TPYHTOB C OTHOCHUTEIBEHO HEBBICOKHMH
3HAYCHUSIMH MIPOYHOCTHBIX U JIe(h)OPMAIIMOHHBIX XapaK-
TEPUCTHK MOTYT OBITH HCIIOJIH30BaHBI KOMOHMHUPOBAH-
HBIC PELICHUS, KOTOPbIE O3BOJIST PACIIMPUTH 00JaCcTh
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Puc. 4. CXeMbI HOBBIX TEXHHUECKUX peIHeHI/Iﬁ DJIEMEHTOB NOAINOPHBIX CTEH M3 3alI0JIHEHHBIX T'PYHTOM OJIOKOB: @ — ¢ ,I[060pHBIM

611oxoM; b, ¢, d — B coueTaHNM ¢ ApMHUPOBAHHBIM TPYHTOM (3TaIlbl yCTPOHCTBA)

MIPUMEHEHHS PaCCMaTPHBAEMON KOHCTPYKIIHH, IS YETO
aBTOpaMH pa3padOTaHbl HECKOJIBKO KOHIICITYaIbHBIX
TEXHUYECKUX PEIICHU.

Hogvle mexnuueckue peuenus

[Tpn HEOOXOMMMOCTH yBEIWYEHHUS 3araca yCToM-
YUBOCTH 3aI10JIHCHHBIX 6J'IOKOB B CJIy4ac HEBLIITOJIHCHUA
YCIIOBHI MPOBEPKM Ha CIBUT W/WIM ONPOKHUIBIBAHHE
npeJyIaraeTcs UCIoIb30BaTh JOOOPHbIE OJIOKH, PUKpe-
IUIIEMBIC K 33JJHUM CTCHKaM OCHOBHBIX 0J10K0B. J[000p-
HBIE OJIOKH MPECTABIISIOT COOOM ITyCTOTEINbIE JKelle30-
OeTOHHBIE KOPOOBI C TOHKUMH CTEHKaMH, 3arlOJIHsIeMble
TEM e TPyHTOM, YTO M OCHOBHbIE OJIOKH 1 3a05104HOE
MIPOCTPAHCTBO (puC. 4, a).

Takoe PpEeUICHUE MPUBOAUT K YBECJIMYCHUIO TUIOIHAAN
KOHTAKTa MOJIOUIBEI YPOBHsSI OJIOKOB C TPYHTOM H, COOT-
BETCTBEHHO, YBEITMUYCHHIO COIPOTHBIICHHS YPOBHSI OJIOKOB
CABUTY. VBenuueHre MacCUBHOCTH U CMCIICHHUEC LICHTPA T~
JKECTH KOHCTPYKIIMU B CTOPOHY OTKOCA BEZET K POCTY 3a-
raca yCTOMYMBOCTH YPOBHsI OJIOKOB Ha ONIPOKH/IbIBAHHE.

C nenbro BOBIIEUEHNS YIEP’KMBAEMOT0 TPYHTA B pa-
00Ty CTEHKH Ha YCTOMYMBOCTH aBTOPaMHU Pa3padOTaHO
KOHIIENTYyaJIbHOE TEXHUYECKOE U TEXHOJIOTUYECKOE pe-
menne (puc. 4), MO3BONISIONIEe O0BETUHUTD aPMHPO-
BaHHBIN TPYHT [11] ¢ G10KaMu OCPEICTBOM BBEICHHUS
TUIOCKOTO MPHUKUMHOIO 3JIEMEHTa, CKPEIUISIOIIEro ap-
MUPYIOLINE TPYHT CETKH C THUIOBBIMH CTEHKaMH OJIOKOB.

SAKJIIOYEHHUE U OBCYXJIEHUE

ITo mepe pa3pabOTKy ¥ BHEAPEHUS B IIPAKTHUKY CTPO-
UTEIHCTBA HOBBIX KOHCTPYKTHBHBIX PEIICHHNA TTOIIOP-
HBIX COOPYXXEHHI Pa3BUBAIOTCS M YTOUHSIOTCS (BBHIY
crenn(pHUKNA HOBBIX KOHCTPYKIIMH) TIOIXOIBI U METOJUKH
HX PacyeTHOTO OOOCHOBAHMS, CHCTEMATU3UPYIOTCS 0a3bI
JTAHHBIX OIBITAa MPOOHOM dKcIuTyararu. COBpeMEHHBIC
pemieHnsT KOMOMHUPOBAHHBIX MOAIIOPHBIX COOPYKEHHH,

BBITIOTHEHHBIX M3 3aTIOJTHEHHBIX TPYHTOM TOHKOCTEHHBIX
JKENIE300CTOHHBIX OJIOKOB Pa3iIIYHON (pOpMBI, HAXOAAT
Bce OoJiee MIMPOKOE MIPUMECHEHHE B TPAXKIAHCKOM, IPO-
MBIIIEHHOM 1 TUAPOTEXHUYECKOM CTPOUTEIBCTBE.

Bo3ssenenue B Poccun noanopHeIx CTeH U3 MycCTo-
TEITBIX OIIOKOB-KOPOOOB, 3aITOTHEHHBIX IIEOHEM, XOPOIIIO
WLTFOCTPUPYETCS IpUMepamMu 00beKTOB B [IprMopckoM
Kpae, rae B nepuof ¢ 2000-X I'T. BO3BEJECHBI ACCATKH MO~
MOPHBIX COOPYKECHUH TaKOW KOHCTPYKUUHU. OTBIT IKC-
TUTyaTaliy TOATIOPHBIX COOPYKEHUH paccMaTpruBacMOn
KOHCTPYKLIUU CUCTEMATU3UPOBAH B XOJI€ TEXHUUECKOTO
00CJIeIOBaHUS THUIIOBBIX XapaKTEPHBIX 0OBEKTOB, BbI-
nontaeHHoro JlansHUMC PAACH. B xone o0cienoBanus
MIPOBEIICHBI OCMOTP KOHCTPYKIIHIA Ha TPEMET TTOBPEXK-
JNICHU W W3HOCA, Ne(PEKTHBIC BEIOMOCTH, UHCTPY-
MEHTAaJIbHbIE U T'e0/Ie3nuecKue n3Mepenus. B pesynsrare
aHaJIN3a JaHHBIX 00CIEOBAaHMS YCTaHOBJICHO, YTO CO-
rmacHo TepmuHOooruu ['OCT 31937-2011 mognopHbIe
COOPYKCHHUSI HAXOISTCS B HOPMAaTUBHOM U PabOTOCIIO-
COOHOM COCTOSTHHHU: COOPY)KCHHSI XOPOIIIO 3aPEKOMEH/10-
BaJM ce0s B KIIMMAaTHYECKUX YCJIOBHX fora JlampHero
Bocroka u He BbI3bIBAIOT HApEKaHU.

B xone ananuza pe3ynabTaroB pacyeToB B YACTH
B3aUMOJICICTBUS IEMEHTOB IIOANIOPHBIX COOPYKECHUM
paccMaTprUBaeMOro THIA C OKPY)KAIOIIUM TPyHTOM
OTIpeIeNIeHBI HAIIPaBICHUS Pa3BUTHS KOHCTPYKTHBHBIX
PEIICHUH C LENBIO0 TOBBIIICHHUS 00IIeH YCTOHYUBOCTH
KOHCTPYKIIMHU 32 CYET BBEIICHUS JOMOTHUTEIHHBIX KOH-
CTPYKTHUBHBIX 3JIEMEHTOB, a TaK)Ke JJIs1 BOSMOKHOCTH
YBEJIMYCHHUS BBICOTHI TOATIOPA MTOCPEACTBOM (HOPMHU-
pOBaHUsI KOMOMHHPOBAHHOTO PEIICHUS, COYCTAFOIIETO
B ce0e 3aI0IHCHHBIC TPYHTOM OJIOKH (KaK 3JIEMEHTBI 110-
JYTPaBUTALMOHHBIX TIOIIOPHBIX CTCH) U YACP/KUBACMBIH
TPYHT, QpMHPOBAHHBINA T€OCETKAMH.
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Retaining structures made of blocks filled with crushed stone: monitoring results
and development of construction technology

P. 8-19

INTRODUCTION

Retaining structures of various designs are widely
used to ensure the stability of soil massifs: for example, in
vertical terrain planning in industrial and civil engineer-
ing [1], road embankments in transport construction [2],
the formation of artificial territories and wharves in hy-
draulic engineering [3] and in other areas. Depending
on the specifics of the tasks, various variants of retaining
structures were developed, the variety of their design so-
lutions can be systematized using various classification
features [4]. The feature that allows systematizing solu-
tions of retaining structures by the degree of involvement
of the retained soil in ensuring the stability of the system
seems convenient. According to this indicator, retain-
ing structures can be conditionally divided into massive
(gravity), semi-massive (semi-gravity) and reinforced
soil structures [5].

Basic methods of calculation of retaining structures
used in transport construction are well enough devel-
oped. At the same time, the development and implemen-
tation of new structural solutions of retaining structures
leads to the need to supplement and expand the calcula-
tion methods in order to take into account the structural
features of the structure, the specifics of load perception,
the interaction of elements of the retaining structure
among themselves and with the environment.

One of the promising directions of development
of structural solutions of retaining structures is the use
of soil as a structural element of the wall, which is
achieved by packing it into specially arranged cavities
in the bearing elements of the structure. Hollow bear-
ing structures can be made in the form of separate thin-
walled shells and boxes installed on each other in a cer-
tain order. Since the 1990s retaining walls of this type
have been used, for example, in Japan'-2, solutions used

! Expertise report on construction technology. Construction ma-
terials/products/technologies, road maintenance technologies.
Construction technology expertise report No. 0327. Inclined
retaining wall with the possibility of contact “Box retaining
wall”. Japan, Civil Engineering Research Centre, 2014; 238.

2 Construction methodology “Box-type retaining wall”. Design
Manual. Civil Engineering Research Centre. Japan, 2016; 180.

in the USA are known®, and nowadays they are used in
Russia and Asian countries [6].

The basic structure is a stepped retaining wall as-
sembled from several levels of reinforced concrete hollow
blocks-columns, the cavities of which are successively
filled with crushed stone of a certain fraction (Fig. 1).

Due to the absence of rigid structural connections
between the blocks, the construction allows for small mu-
tual movements of the blocks, which do not affect the op-
erational qualities, but at the same time significantly in-
crease its structural flexibility. The latter circumstance
has made it expedient to use walls of this type in condi-
tions of dynamic loads and impacts: first of all, seismic,
as well as loads from transport vibration. There is a good
prospect of using retaining structures made of soil-filled
blocks for solving the problems of road construction: in
the construction of embankments, excavations, formation
of bridge crossing foundations, etc. (Fig. 1).

Depending on the field of application and the tasks
to be solved, the design of a hollow block can be different.
There are known blocks manufactured by the Japanese
company Aizawa Koetsu* and the Russian company LLC
“Korbet™, which represent a hollow reinforced concrete
box without bottom with thin walls of complex shape
(Fig. 2, a). The configuration of the block allows to ensure
that there is no direct contact between the blocks of adja-
cent levels. The front face of the block exceeds the rear
face both in height and width, which makes it possible:
1) to safely fill the cavity of the block and the block space
(slots) with crushed stone and compact it layer by layer
up to the level of the top mark of the block; 2) to change
the configuration of the wall in plan, performing a smooth
turn of the facade (Fig. 2, b). At the end (end-type) sections
of the retaining wall, the blocks are “inserted” into each
other with the upper block turned 180° around the axis
perpendicular to the facade. In this way, the structure is
rotated in plan by 90° (Fig. 2, ¢).

In general, the calculation of retaining walls
of the considered type is within the framework of basic nor-

3 Stone Strong Systems. URL: https://www.stonestrong.com/
4 Aizawa Group. URL: https://www.aizawa-group.co.jp

5 Construction and design of retaining walls made of PMA
blocks. URL: https://korbetstroy.ru/

Fig. 1. Section diagrams and fragments of calculation schemes of retaining structures made of blocks filled with crushed stone
in transport construction: ¢ — retaining wall of road embankment; b — bridge crossing slope

15

(1S 1 INSSI VL'ION Tomamuay FS



Science :ﬁlt:lnftll::glii':::l: Vol. 14.Issue 4 (54)

Nikita Ya. Tsimbelman, Dmitry Yu. Ivannikov, Igor V. Kuzovatkin,
Tatyana I. Chernova, Valentin N. Babkin, Mariya V. Marchenko

" QOO T

=
J'::r

b c

Fig. 2. Retaining structure made of blocks filled with crushed stone: @ — cross-section scheme; b — configurations in plan;

¢ — fragment of the end section

mative methods of calculation of retaining structures® -3,
At the same time, specifics of the design and construction
technology require a kind of “binding” of such a structural
solution to the current calculation norms both in terms
of analytical solutions and numerical models. At present,
a methodology for level-by-level calculation of structural
stability has been formed; research is underway to refine
the analytical solution for determining the active soil pres-
sure, as well as to develop methods for numerical model-
ling and determining the parameters of numerical models.
The results of the research will make it possible to reason-
ably supplement and expand the application area of retai-
ning structures made of soil-filled blocks.

MATERIALS AND METHODS

The introductory part of the paper analyses the per-
formance monitoring data of commissioned and operated
retaining structures made of hollow blocks filled with
crushed stone. The condition of the objects was estab-
lished by methods of technical inspection [7], which in-
cluded visual and instrumental inspection, measurement
and geodetic works with determination of the category
of technical condition of the objects in accordance with
GOST 31937-2011 “Buildings and structures. Rules for
inspection and monitoring of technical condition”.

As aresult of the analysis of design solutions us-
ing patent research methods and on the basis of study-
ing the operation of the elements of the structure as
part of the geotechnical system, new technical solu-
tions have been developed aimed at increasing the sta-
bility margin of the structure for the case of relatively
weak soils, as well as increasing the height of the but-
tress. Using the method of analyzing the stress-strain
state of the structure, combined technical solutions have
been developed, combining the positive qualities of shell

¢ CP 381.1325800.2018. Retaining structures. Design rules.
Moscow, Standardinform Publ., 2018. 109.

7 CP 101.13330.2023. Retaining walls, navigable sluices,
fish passage and fish protection structures. Moscow, Ministry
of Construction of Russia, 2023; 170.

8 CP43.13330.2012. Structures of industrial enterprises. Moscow,
Ministry of Regional Development of Russia, 2011; 99.
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blocks controlled by the properties of the backfill and
geosynthetic materials involving the retained soil mass
to ensure the overall stability of the structure.

RESEARCH RESULTS

The idea of constructive technique in the form
of creating cavities in the bearing elements of retaining
structures to fill them with soil is not new in road con-
struction practice. There are known, for example, solu-
tions of the Thilisi branch of Soyuzdorproekt, which de-
veloped a project of retaining walls made of box blocks
for motorways [8]. A similar design of retaining walls
made of reinforced concrete box elements was performed
at the Transcaucasian railway. The concept of ensuring
massiveness by filling hollow volumes with soil was and
is actively implemented in hydraulic engineering con-
struction [9] when forming massive structures of port
facilities. For example, Giprorechtrans developed proj-
ects of river berths made of reinforced concrete hollow
boxes with wall heights from 4.5 to 9.5 m at 1 m inter-
vals. The maximum weight of the crate is 25 tonnes.
The crates are transported to the place of installation by
water due to their buoyancy [10].

The first examples of application of retaining walls
made of small prefabricated hollow blocks filled with
crushed stone in road construction in modern Russia date
back to the mid-2000s, when the concept in question had
already proven itself in the Far East and Japan. In Vladi-
vostok, the capital of the Far Eastern Federal District, doz-
ens of retaining structures of this design have been erected
since 2005 as part of civil, industrial, transport and hydrau-
lic engineering construction projects. The range of design
solutions is very wide: from small architectural forms and
small retaining walls along the roadway (Fig. 3, a, b) to
structures of considerable height, providing the layout
of the building (Fig. 3, ¢, d), forming a road embankment
(Fig. 3, e), or forming bridge crossings (Fig. 3, f).

Results of the technical survey

In order to assess the serviceability of retaining
structures made of hollow blocks filled with crushed
stone, erected in the initial period of application,
the branch of the Central Research and Design Institute
of the Ministry of construction and housing and com-
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Fig. 3. Retaining walls made of blocks filled with crushed stone: a — on the territory of the All-Russian Children’s Centre
“Ocean” (Vladivostok); b — near the shopping centre “Kalina Mall” (Vladivostok); ¢ — in Komandorskaya Street (Vladivo-
stok); d — near the residential microdistrict “Snegovaya Pad” (Vladivostok); e, f— on the De-Friz — Patrokl road (Vladivostok)

munal services of the Russian Federation “Far Eastern
Research, Design, Construction and Technological Insti-
tute for Construction” (branch of the Central Research
and Design Institute of the Ministry of Construction
of Russia “DaINIIS”) carried out a technical survey
of a dozen of the most typical for the design of the re-
taining structures. Illustrations of some of the surveyed
objects are given in Fig. 3, b—e. The retaining walls
were erected in the period since 2010 in Vladivo-
stok. Reinforced concrete hollow boxes according to
TC 5859-001-88259817-2009 “Structural block for re-
taining wall and retaining wall types HBB 100/200, HBB
100/150, HBB 50/200” were used as blocks.

2SO 88259817-001-2018. Gravity-type earthquake-resistant
retaining walls made of structural reinforced concrete blocks
of HBB type. Technical requirements. Vladivostok, AZCon-
crete LLC, 2018; 38.

According to the conclusion of DalNIIS RAASN!
as a result of technical inspection, which included visual
and instrumental control, measurement and geodetic
works, it was established that in accordance with GOST
31937-2011 “Buildings and structures. Rules for inspec-
tion and monitoring of technical condition” the catego-
ries of technical condition of the listed objects are de-
fined as normative and operable.

The results of the survey and the practice of calcu-
lations show that retaining structures of the considered
design in the basic version have limitations of application
depending on the physical and mechanical characteris-
tics of the retained soil mass: for relatively weak soils

10 Report on the results of inspection of technical condition
of retaining walls made of blocks with soil filler in Vladivo-
stok. Vladivostok, Branch of FGBU “TsNIIP of the Ministry
of Construction of Russia” DalNIIS, 2023; 79.
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Fig. 4. Schemes of new technical solutions of retaining wall elements made of soil-filled blocks: @ — with additional block;

b, ¢, d — in combination with reinforced soil (stages of construction)

the maximum height of the structure is 5—6 m; for soils
with high values of strength characteristics the height can
reach 10—12 m; for rocky soils —up to 15 m. At the same
time for soils with relatively low values of strength and
deformation characteristics combined solutions can be
used, which will allow to expand the application area
of the considered structure, for which the authors have
developed several conceptual technical solutions.

New technical solutions

If it is necessary to increase the stability margin
of the filled blocks in case of failure to fulfil the con-
ditions of shear and/or overturning test, it is suggest-
ed to use additional blocks attached to the rear walls
of the main blocks. The additional blocks are hollow
reinforced concrete boxes with thin walls, filled with
the same soil as the main blocks and the blockage space
(Fig. 4, a).

Such a solution leads to an increase in the area
of contact between the sole of the block level and
the soil and, accordingly, to an increase in the resistance
of the block level to shear. Increase of massiveness and
displacement of the centre of gravity of the structure to-
wards the slope leads to an increase in the stability mar-
gin of the block level for overturning

In order to involve the retained soil in the stability
work of the wall, the authors have developed a concep-
tual technical and technological solution (Fig. 4), which
makes it possible to unite the reinforced soil [11] with
the blocks by introducing a flat pressing element that
binds the soil reinforcing meshes with the rear walls
of the blocks.

CONCLUSION AND DISCUSSION

As new structural solutions of retaining structures
are developed and introduced into construction practice,
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the approaches and methods of their design substantia-
tion are developed and refined (due to the specifics of new
structures), and the databases of trial operation experience
are systematized. Modern solutions of combined retain-
ing structures made of soil-filled thin-walled reinforced
concrete blocks of various shapes are increasingly used
in civil, industrial and hydraulic engineering construction.

In Russia, the construction of retaining walls made
of hollow blocks and boxes filled with crushed stone is
well illustrated by examples of objects in Primorsky Krai,
where dozens of retaining structures of this design have
been erected since the 2000s. The experience of opera-
tion of retaining structures of the considered design was
systematized in the course of technical survey of typical
characteristic objects carried out by DaINIIS RAASN.
In the course of the survey the structures were inspect-
ed for damage and deterioration, defect lists, instru-
mental and geodetic measurements were carried out. As a re-
sult of the survey data analysis it was established that ac-
cording to GOST 31937-2011 terminology the retaining
structures are in normative and serviceable condition:
the structures have proved themselves in climatic condi-
tions of the south of the Far East and do not cause any
complaints.

In the course of analyzing the results of calculations
in terms of interaction between the elements of retain-
ing structures of the considered type and the surrounding
soil, the directions of development of structural solutions
were determined in order to increase the overall stabil-
ity of the structure by introducing additional structural
elements, as well as for the possibility of increasing
the height of the retaining wall through the formation
of a combined solution combining soil-filled blocks (as
elements of semi-gravity retaining walls) and retained
soil reinforced with geogrids.
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