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Annoranus. ABropaMy CTaThbH BIEpBbIE IIPEIJIOMKEHBI KOMOMHUPOBAHHBIE AHKEPHBIE COOPY:KEHIS,
KOTOpBIE MOTYT OBITh 9)(PEKTHUBHBIMU ¥ KAK IIPOBOJIOYHBIE aHKEphl, paO0oTaIIFe HA BhIIEPTUBATOIILYIO
HATPy3Ky, ¥ KaK CBalHble aHKephbl, paboTaiollie HA BIABJIUBAKOINEe YCHIHE. TaKue COOPY:KEeHFSs
op(peKTUBHO MPHMEHATh KAK IIPOTHBOOIIOJI3HEBLIE COOPY:KEHIs, OIIOPHO-aHKEepHBIE (PYHIAMEHTHI,
KOTOpBIE TaKsKe 3aIIaTeHTOBAHBI aBTOPAME M KOHCTPYKIIMH KOTOPBIE IIPUBOIATCS B crathbe. Ha mpakTuke
TaKKe COOPY KEeHI He00X0IMMBI B KauecTBe (UyHIAMEHTA, I CTOJI00B JIMHUH JJIEKTPOIIepeIaY, BEICOKIX
arreH, o IBePKeHHBIX OOJIBIIION BETPOBOM HATPY3Ke, U JJIA APYIUx coopyskeruit. Omopa MoskeT padboraTh
KAK HA BJABJIMBAIIILYI0 HATPY3KY, TAK M HA BBIIEPIrUBAHKE, B 3aBUCHMOCTH OT KOHKPETHBIX YCJIOBHIA.
B crarbe ommcama merompika IIPOBENEHMUS SKCIIEPHUMEHTAJIBHBIX MCCICOOBAHUIN M IIPENCTABJIEHBI KX
peayJibrartel. [Ipu mpoBeieHIN UCCIIeOBAHMI B KAYECTBE OCHOBHBIX (DAKTOPOB OBLITH IIPUHSITHL JHAMETD
cBay M KOHMYECKOr0 HAKOHEUHWKA, [JIMHA CBAMHOM YACTH KOMOMHMPOBAHHOIO AHKEPAa, PACCTOSHIE
OT KOHIIA CBAaW JI0 KOHMYECKOr0 HAKOHEYHHWKA. B KadecTBe mapamerpa ONTHMHU3AITUH OBLIO IIPUHSTO
BBIJIEPIUBAIOIIIEE YCHUIIHE,
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Abstract. In the article, the authors for the first time proposed combined anchor structures that can
work effectively as wire anchors working on a pulling load, as well as pile anchors working on a pressing
force. Such structures can be effectively used as anti-landslide structures, support and anchor
foundations, which are also patented by the authors and their designs are given in the article.
In practice, such structures are necessary as foundations, for poles of power lines, high towers exposed
to high wind loads and other structures. The support can work both on a pressing load and on pulling
out, depending on the specific conditions. The research methodology is described and the results
of experimental studies are presented. During the research, the following factors were taken as the main
factors: the diameter of the pile and the conical tip, the length of the pile part of the combined anchor,
the distance from the end of the pile to the conical tip. The pulling force was adopted as an optimization
parameter.
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MMapoTexHuyeckoe CTPOUTENbCTBO

Beeneune. MHorve wuH:KeHEpPHBIE COOPY-
SKeHUA IIOABEPIKEHBI BETPOBOM HATpy3Ke, W (PyH-
JaMeHThI paboTalT Kak Ha CRHUMAIIILYI0, TaK
¥ HA BLIIEPrUBAIIILYI0 HATPY3Ky. J1sa Takux coo-
pysxeHmit 0osiee a)PeKTUBHBIM SIBJISIETCSI UCIIOJIb-
30BaHHE OIIOPHO-AaHKEPHBIX (pyHmamenTos [1-3].
K wumxeHepHBIM COOpPY:KEHMSIM, KOTOPHIE MOTYT
paboTaTh Kak Ha CHKMMAIOIILYIO, TAK 1 HA BEIIEPIH-
BAIOIIYIO HATPY3KY, OTHOCATCS OIOPHI JIMHUI BEHI-
COKOBOJILTHBIX IIepeay, BHICOKOHAIIOPHEIE OALITHI,
PeKJIAMHBIE IITUTHI U ApyTre coopy:xerus. Komou-
HUPOBAHHBIE AaHKEPHI HAXOIAT IITIPOKOE IIPUMEHe-
HUE U JIJIST AaHKePOBKY ITPOTHUBOOITOJIZHEBBIX U IIPO-
THBOSPO3HOHHBIX THAPOTEXHIUECKIX COOPYIKEHIIA.
l'uoporexHmveckre CoOpy:KeHUs, YKpPeILICHHbIe
KOMOMHHUPOBAHHBEIMI ~AHKEPAMH, 3HAYNTEJILHO
0oJtee yCTOMUMBEI MIPOTUB OMOJI3AHUS U BOJHOM
9pO3uH. ¥ CTOMYIHNBOCTE OTKOCOB JAaMO ITPOTHB OTIOJI-
3aHUA C POBOJIOYHLIMHU AHKEPAMH IIOBBIIIAETCS
B 2-3 paaa.

Ilens ucciiemoBaHwmii: 000CHOBAHME AKTY-
AJIBHOCTH TIPO0JIEMBI, CBSI3AHHON C HEOOXOIHMO-
CTBIO Pa3paboTKHU (PYyHIAMEHTOB C JBYXCTOPOHHIIM
JIeACTBUEM, TO eCTh COOPYKEeHHI, PabOTAIOIIHIX
OIHOBPEMEHHO 1 B KAUECTBE AHKEPHBIX, 1 B Kaye-
CTBe CBau.

Marepuasiel 1 MeETOOBI HCCJIETOBAHMIA.
OKcrepuMeHTaIbHBIE UCCIIEI0BAHUS IPOBO/IMJINCD
¢ IpUMEHEeHUEM MaTeMAaTHYECKOM TeOPUU TLIAHU-
poBaHus. BN orpesesieHsl OCHOBHEBIE (DAKTOPHI
u mapamerpsl orrruvusarmy. OcHOBHBIMEH haK-
TOpaMH IIPH IIPOBEICHWHN WCCJICHOBAHIIMA SIBJISIOT-
CA: AUaMeTP CBAau ¥ KOHIIECKOTO HAKOHEYHHUKA, X ;
JJIMHA CBANHOM YaCTH KOMOMHIPOBAHHOIO aHKEpa,
X,; paccrosHue OT KOHIIA CBAX JI0 KOHUYECKOro Ha-
KOHEYHIKA, X,.

VpoBHE BapbUPOBAHMS OCHOBHBIX (DAKTOPOB
KOMOMHMPOBAHHOIO AaHKepa IIPUBEIEHBI B TA0-
e 1. B kavecTBe mapameTrpa ONTUMU3ATTIN TTPH-
HSTA CUJIa BBIIEPTUBAHUS.

UccnemoBanms mpoBoaivch Ha J1abopaTop-
HOI MOJIEJIH Ha TIeCYaHO-TIBLIeBATOM IpyHTe (prc. 1).
Onmako cremyer OTMETHTB, YTO IIPEICTABICHHOE
TEeXHIYECKOE PeIIeHre IPe/IaraeTcs NCI0Ib30BATh
JUUTS HACKAJIBHBIX TPYHTOB, ITprieM ad)peKTUBHOCTD
HCTIOJTB30BAHUS TIPOBOJIOYHBIX AHKEPOB BO3PACTAET
Ha mecuasoM rpyHTre. Cxema J1a00paTOPHBIX HUCITHI-
TAHWIA IIOKA3aHA HA PUCYHKE 2.

Marpmuiia miaHa IpoBeIeHus U Pe3yIbTaThI
VICCITEOBAHMI KOMOMHHPOBAHHBIX AHKEPOB IIPe/I-
CTaBJICHEI B TA0JIHIIE 2,

Mopenn KOMOMHMPOBAHHBIX AHKEPOB C KO-
HUYECKVM HAKOHEYHWKOM IIPEJICTABJIEHBI HA PH-
CYHKe 3, cxeMa — Ha PUCYHKe 4.

©

1 BapuaHTbl X NPaKTU4eCKOro npMeHeHunsa
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a B

Puc. 1. 9xcnepuMeHTaANBHBIE UCCIIETOBAHUA
KOMOMHHUPOBAHHBIX AHKEPOB:
a — o0IIMi BYT KOMOMHHUPOBAHHBIX AHKEPOB;
0 — ycTaHOBKA KOMOMHHUPOBAHHBIX AaHKEPOB,;

B — UCITBITAHNE KOMOMHUPOBAHHBIX aHKEPOB
Fig. 1. Experimental studies of combined anchors:
a — general view of combined anchors;

6 — installation of combined anchors;

B — testing of combined anchors
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Puc. 2. Cxema 1a60paTOPHBIX UCIILITAHUIA:
a — cxeMa yCTAHOBKM KOMOMHMPOBAHHOIO aHKepa;
0 — cxeMa MCIIBITAHUS HA BEIEPTUBAHIE
KOMOMHUPOBAHHOIO aHKepa;

1 -rpyHT; 2 — IIPOBOJIOKA; 3 — KOHUYECKUI HAKOHEYHIK,;
4 — Mo/eJIb CBay; 5 — HAIIPaBJIAIONIAS IIITAHTA;

6 — nuHaMoMeTp; 7 — 3aJIMBKA TUIICOM
Fig. 2. Laboratory test scheme:

a —combined anchor installation diagram;

0 — combined anchor pull-out test scheme;

1 —soil; 2 — wire; 3 — conical tip; 4 — pile model,;

5 — guide rod; 6 — dynamometer; 7 — gypsum pouring
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Tabnuya 1. YpoBHN BApbHPOBAHNA OCHOBHBIX (DAKTOPOB KOMOMHMPOBAHHOIO aHKEpa
Table 1. Levels of variation of the main factors of the combined anchor

o Yposuu paxropos HNurepai
Fam;opm Levels of factors BapbUPOBAHUA
actors -1 0 +1 |Interval of variation

Juamerp cBau 1 KOHHYECKOT0 HAKOHEIHUKA, X,, MM

. . : i 10 20 30 10
Diameter of the pile and conical tip, X,, mm
JiuHa cBaiiHOM YacTH KOMOMHUPOBAHHOTO aHKEpa, X,, MM

. . 10 20 30 10

Length of the pile part of the combined anchor, X,, mm
Paccrosnue or KOHIA cBau 1O KOHMYECKOTO HAKOHEYHHKA, X,, MM

. . . : 20 30 40 10
Distance from the pile end to the conical tip, X,, mm

Tabnuya 2. MaTrpuia miaHa mpoBeIeHns
U Pe3yJIbTATHI HCCIeTOBAHMI
KOMOMHHUPOBAHHEIX AHKEPOB

Table 2. Matrix of the implementation plan

and results of combined anchor studies
YpoBHu BapsupoBaHus Kpurepnii
d)aKTOpOB OHTI/II\{II/ICTaHI/II/I
Levels of factors variation C”‘te’fwn.
No of optimization
/o
Cua
X, X, X, X, |BBIAEPrUBaHUA P,H
Pulling force P, H
1 1 1 1 0 20 Puc. 3. Mogesin KoOMOMHUPOBAHHBIX AHKEPOB
C KOHUYE€CKUM HAKOHEYHHUKOM
9 1 0 1 1 65 Fig. 3. Models of combined anchors with a conical tip
3 1 0 -1 -1 50
4 1 1 -1 1 110
5 1 1 -1 1 100
6 1 -1 0 -1 80
7 1 1 0 1 118
8 1 1 0 1 115
9 1 | -1 1 -1 70
10| 1 -1 1 -1 75 .
Puc. 4. Ilonepeunsrii paspes
KOMOHMHHUPOBAHHOIO aHKEpPa
11 1 1 1 125 B paboueM I10JI0KEHHMH,
YCTaHOBJIEHHOr'O HA TPeOyeMyIOo IJIyOnHy:
127 1 0 1 1 95 1 — rpyHT OCHOBAHUS; 2 — cBasI OJIMHOM h;
3 — IIPOBOJIOKA ¢ KOHMYECKUM HAKOHEUHUKOM 4;
13 1 0 0 0 83 5 — KOMIIO3UITHOHHBIN MaTepuaJ
Fig. 4. Cross-section of the combined anchor
14 1 0 0 0 80 in the working condition installed
on the required depth:
15 1 0 0 0 85 1 — soil of the foundation; 2 — pile of the length h;
3 — wire with a conical tip; 4;5 — composite material

Lamerdonov Z.G., Zhirikova |.A., Khashirova T.Y. Experimental studies of combined anchors and options for their practical @
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Pesynwsrarer u ux oocy:aenue. Paspabo-
TaHBI ¥ 3aIIaTeHTOBAHBI KOHCTPYKTHUBHBIE PEIIeHIIS
KOMOMHHMPOBAHHOTO aHKEpa ¥ OIIOPHO-aHKEPHOTO
dyrmamenra [5-13]. OmopHo-aHKepHBIH QyHIaAMEHT
TIOKAa3aH Ha PHCYHKAaX 5, 6.

B pesysbrare mpoBeneHMs oKCIIEPHMEHTA
¥ MaTeMAaTUYIEeCKOM 00pabOTKM ero pe3yJIbTaToB C HC-
TI0JIb30BAHUEM COBPEMEHHBIX II(PPOBBIX TEXHOJIO-
THi OBLTM TIOJIYYEeHBI YPABHEHUS MHOYKECTBEHHOMN
perpeccuy, yCTaHABJIUBAIIME CBSI3b IapaMerpa
OIITHMU3AIMH C OCHOBHBIMI BBIOPAHHBIME (PAKTO-
paMu, BIUSIONTAMI HA YCUJIHA. Y paBHEHUe CBS3U
VIMeeT BUT:

P =82,67-2,25X +2,00X, +20,50X, -
~5,00X,X, +93,67X,X, +13,00X,X, -
-56,42X,* -1,50X,” - 21,67X,’, (1)
rae X, X,, X, — GespasMepHEIe 3HaUeHHA (PAKTOPOB B KOIMPO-

BauHOM Bue; P — cruta Beyieprusanus (B 0e3pasMepHBIX eJIv-
HHUIIAX).

OrreHra ageKBaTHOCTH TIOJIyYeHHON MOJIesIr
ocytiectBisiack o Kpurepmio Dumepa. Ywucsto
Quirepa, MOIyYEHHOE II0 PE3yJIbTATAM JKCIIEPH-
MEHTAJILHBIX MCCJIEIOBAHI, MEHBIIIE TAOJIMIHOTO
3HAYEHUSI, YTO CBUETEILCTBYET 00 aIeKBATHOCTH
mozesu [3, 4].

Peepeccuonmpiii  (pakmopubiii aHanu3 pe-
3Y7ILMAMO8 IKCNEPUMEHMATIBHIX UCCTIE008AHULL
KOMOUHUDPOBAHHVIX aHKepos. Vcromb3ys moraro-
BBIIl METOJ], OIIpejiesisieM HaMOOJIBbIINe 3HAYEHUS

dyrrimm (1):
P, =124,249 (X, =0,950, X,=0,800, X, =0,750).

Pacuer B 30me MaKCHUMyMa O,D;HO(baRTOpHBIX
MoJiesielt 1aet ciieaymouniye ypaBHeHd:

P =50,447+82,436X; )
P, =88,468+89,862X,; (3)
P, =112,700 +31,650X,. (4)
VpaBHeHnss  1mapamerpa  OITHMM3AIIANA

B 30HAX MAKCHMyM OTHOCHTEJILHO JIBYX (PAKTOPOB
MIMEIOT BUII:

P, ,..=85,856+7,500X, +0,875X, +93,670X,X,; (5)
B =48,161+72,686X, +19,300X;, +13,000X, X;;;(6)
P, ... =76,020+90,987X, +32,850X, ~1,500X,X,. (7)

NPUPOAOOBYCTPOMNCTBO 2’ 2024

HawboJ1ee sHaunmbIMu (pakTopamu B pesyib-
TaTe PAHKIPOBAHIS SIBJIAIOTC: TUAMETP CBAX U KO-
HIYECKOT0 HAKOHEUHUKA, X ; ITIMHA CBAMHOH JyacTu
KOMOMHHUPOBAHHOIO aHKePa, X,. OTHOCHTEIBHO ITHX
JIBYX (DAKTOPOB CTPOSITCS IIOBEPXHOCTY OTKJTIKA.

B dopmynax (2)-(7) snavenus P, , ., Makcy-
MaJIbHAS CHJIA BBIIEPTMBAHMS, 4 TaKkKe (PaKTOpOB
X, X,, X, — 6e3pa3MepHbIe.

Dopmy.ia 17151 OITpeiesIeHs BBIIePIUBAatoIe-
ro ycmmust P (kH) B 3aBrcumocty oT quamerpa ceaii,
JJIMHBI CBAMHOII Oymer paspaboTaHa Ha IOCIeLyIo-
IIIMX 9Tarax padoThL.

S

77777

2

Puc. 5. Ilonepeunsrii paspes
OIMOPHO-aHKEPHOro hyHgaMeHTa
B paboveM I10JI0:KEeHUI:

1 — IPYHT OCHOBaHMUSI; 2 — CBAS JJIMHOMH h;
3 — IIPOBOJIOKA; 4 — KOHMYECKUI HAKOHEUHUK;
5 — KOMITO3UITMOHHBIA MaTepHaJI;

6 — pocTBEpPK; 7 — M30JIATOP
Fig. 5. Cross-section of the support-anchor
foundation in the working condition:

1 — soil of the foundation; 2 — pile of the length h,
3 — wire; 4 — conical tip; 5 — composite material;
6 — grill; 7 —isolator

A

Puc. 6. ¥zea A
Fig. 6. Unit A

Tabnuya 3. Pamsxuposanue (pakTOPOB B 30HE max

Table 3. Ranking of factors in the max zone

Suauenne AP, X(3) / Value AP, X(3)

Crenens BiusHUA GPAKTOPORB MIPU UX PAHKUPOBAHUUI

X, X, X, The degree of influence of factors in their ranking
164,872 179,723 63,300 AP, > AP, y, > AP, ., max

o6/

1 BapUaHTbl X NPaKTN4eCKOoro npuMeHeHns
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BriBonsl

OGocHOBaHA  AKTYAJBHOCTH  ITPOOJIEMEI,
CBSI3QHHOM C HEOOXOIMMOCTBIO Pa3pabOTKU (yH-
JIAMEHTOB C JBYXCTOPOHHWM JIEHCTBHEM, TO €CThb
COOPY:KEeHMI, paboTaoIINX OJHOBPEMEHHO U KaK
aHKepHBIE, M B KavecTBe cBau. TAKUMU COOPY:Ke-
HUAMHA, JIS KOTOPBIX pas3paboTaHbl IIOHOOHEBIE
(byHIAMEHTHI, SBJISAIOTCS BRICOKIE OAIIIHI, PEKJIAM-
HBIE IIUATHI U JIPYTHE COOPYKEHISI, TI0IBeP/KEHHBIE
00JIBITION BeTpoBOI Harpyake. [IpencraBieHo KoH-
CTPYKTHBHOE peIlleHre KOMOMHHPOBAHHOIO aHKe-
pa u oropHo-aHKepHOro dyumamenrta. IIposeme-
HBI 3KCIIEPUMEHTAJIBHbBIE MCCJISIOBAHNS MOIEIIeH
COOpPY*KEHMHU C UCIOJIb30BAHUEM MAaTeMaTUJIeCKON
TEOPUU ILJIAHUPOBAHUS IKCIIEPUMEHTA, ITOJIyIeHO
ypaBHeHue perpeccun. OrmcaHa MeTOIMKA JK-
CIIEPUMEHTAIPHBIX WCCJIEOBAHUN U IIPUBEIEHBI
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X pesysabTarhl. [Ipy mpoBemeHuy wcc/IeI0BaHI
B KaUeCTBEe OCHOBHBIX (PAKTOPOB IIPHUHATHL TUAMET]
CBAM M KOHMYECKOI'0 HAKOHEUHMKA, JJIMHA CBAli-
HOM YacTH KOMOMHHPOBAHHOIO AHKEpPa, PACCTOS-
HIEe OT KOHIIA CBAX JI0 KOHMYECKOr0 HAKOHEYHUKA.
B xauectBe mapaMerpa ONTHMU3AIMM IIPUHSITO
BBIZepruBaroiiee ycwane. llomyuena agexBaTHas
MOJIEJIb, aJeKBATHOCTH IIPOBEPEHA II0 KPUTEPHIO
@uirep, OCYIIECTBIICH (DAKTOPHEBINA aHAIN3 B 30HE
MakcuMyMa. Hawmbosee s3HAUMMBIMM (haKTOpPaMI
B pe3yJIbTaTe PAHKHPOBAHMSA SBJISIOTCA TUAMETD
CBau ¥ KOHUYECKOI0 HAKOHEYHUKA, JJIMHA CBANHOMN
YaCTH KOMOMHUPOBAHHOIO aukepa. Komomumposan-
HBIe aHKEPHI MOT'YT HANTH IIHPOKOEe IIPHUMEHEHIe
B OXpaHe 3eMeJIb OT BOIHOM 9pO3HUH, OT OIOJI3HEH,
B 3aKpeIlICHNM BEPXOBBIX OTKOCOB OEpEerosarllyT-
HBIX 1aM0 1 T.1.
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