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STUDY OF EDGE PROTECTING ANCHORS INFLUENCE
ON SOIL HEAVING OF THE MINE WORKING

Abstract. To achieve the objective with the claimed technical result, a method of fastening mine workings of
predominantly rectangular cross-sectional shape with anchor bolts was used, while the applied task of reducing the
heaving of soil rocks is to increase the efficiency of mine workings by ensuring that the mine workings. Ensuring the
possibility of reliable and of good quality fortified rocks along the contour of making within the boundaries of the
zone of possible collapse of rocks. The length of the soil anchors did not significantly affect the condition of the soil
rocks. Consequently, that on the deformations and stresses both in the lateral and in the soils are not soil, but lateral
anchors. The use of these technological developments will reduce the cost of conducting and maintaining workings
by 7-10% with soil anchors (reducing maintenance costs by 7-10%) and will provide an economic effect of
10-15 thousand tenge per running meter of output.

Key words: mine working, anchoring technology, soil heaving, roof bolting, side anchors, rock pressure, rock
resistance.

Results of the carried out tests of the effect of soil anchors mounting on the mine working soil
rocks heaving. To carry out experimental verification of the roof bolting technology aimed at reducing
soil heaving, metal anchors were mounted in the soil along the sides of the workings in sections of 10 m
long and gauging stations to control deformations every 5 meters in the experimental section and in
adjacent sections of 50 m long each side every 10 m. Surveying services of the mines monitor
manifestation of deformations (leveling the soil) twice a week, and when deformations are shown once a
week with presenting data of the rock pressure manifestations dynamics.

At the Kazakhstanskaya mine of the Karaganda coal basin, work was done to mount metal anchors
into the soil of the gas-drainage drift 32217-3 on PK21-22 (section of the UPR-3 advance works).
However, the presented working has not yet fallen into the zone of the stoping effect, therefore, intensive
heaving of the soil was not observed.

Experimental work was carried out at the Saranskaya mine to strengthen soil rocks in the conveyor
drift 52k;-3 of PK1-PK6 with seven double anchors 1.6 m long in 42 mm diameter holes for six AMK-350
ampoules each. Observations have shown that in this working and in the experimental section heaving of
rocks is absent.

Anchors were mounted in the conveyor roadway 22xk;,-¢ in section PK55+3 m along PK56+3 m at
the Abayskaya mine to carry out a pilot test aimed at reducing heaving of the soil rocks.

At the Kostenko mine there were mounted soil anchors (figure 1) in the development face of the
4™ cast conveyor roadway k; of PK42-PK62, but only at one side of the working. The anchors were
mounted at the angle of 45° every 1.0 m, which led to decreasing the convergence of the soil and working
sides by 0.6-0.7 m. In order to obtain a greater effect, it is recommended to mount soil anchors at both
sides of the working alongside with anchoring the working sides.
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The technology of the roof bolting provides for its mounting in the direction of the soil along the
sides of the mine workings, by drilling inclined holes for composite anchors at the angle of 20-25° to the
vertical. The length of the anchors mounted in the side of the working is recommended to be determined
by the empirical formula:

L=k:* Bb * H, /N, m,

where kr is an empirical coefficient depending on the shape of the mine working cross section; By, — the
width of mine workings in rough, m; H; - the probable amount of soil rocks heaving, m; N, - soil rock
compressive strength, MPa.

The height of the hole on the side walls of the working from its soil is 1/3 of the height of the
working in the light (h).

There is provided the combination of functions of the mounted side anchors for supporting the sides
and preventing the working soil rocks heaving.

The stress-strain state was simulated using the Flac 2 program with the location of the working in the
coal seam with different length of soil anchors from 5.0 to 2.4 m (see figure 9) and the presence of side
anchors. The length of the soil anchors did not significantly affect the condition of the soil rocks. It should
be concluded that deformations and stresses both in the side rocks and in the soil rocks are not affected by
the soil but by side anchors.

The technical result which achievement provides a solution to the problem, is expressed in the
technology of supporting the working sides and reducing its soil rock heaving.

According to the given information Karaganda basin is divided into 4 zones. Geological and
geophysical data were analyzed to perform basin modeling of Karaganda coal basin. In this regard, the
basic material was selected, including geological structure [14].

Results. Using the technological developments will reduce the cost of driving and supporting mine
workings by 7-10 % with soil anchors (reducing maintenance costs by 7-10 %) and will provide the
economic effect of 10—15 thousand tenges per running meter of the working.
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KA3BA TOIIBIPAK KBIHbICTAPBIHBIH KOTEPLTYIHE HIEKTEME
CBIPTBIHAAYBI KOPIIAY AHKEPJEPIHIH 9CEPIH 3EPTTEY

AnHoTtamust. Tay >KbIHBICTAPBIHBIH ICIHYIH a3aiiTyra OaFbITTaIFaH aHKEPIL OCKITY TEXHOJOTWCHIHA JKCIIC-
PUMEHTAIIBI TEKCEPY KYPTI3y YIIIH Tay >KbIHBICHIHA Y3BIHABIFEI 10 M yUacKeae sKOHE IKCIICPUMEHTAIIBI YYaCKeIe
5 M CcaHbIH 9HE 9P KaFbIHAH Y3BIHABFBI 50 M iprenec ydackeae AcopMamisiHbl OAKpLIAY VINIH ©JIICY CTAHIHS-
JAPBIHAA MCTAILT AHKSPJICP OPHATY OOHBIHIIA KYMBIC SKYPTi3imai.

Kaparaunp! kemip OacceiHiniH «Kazakcran» maxracemga [TK21-22 (YITP-3 yHFBIMAIBIK MKYMBICTAp YUACKECI)
322n17-3 ra3apeHaX bl IMTPEK KBIHBICHIHAA METAIIT AaHKEPICPAl OPHATY OOMBIHINA XKYMBICTAP OPBIHAANIBL Anaiina
YCHIHBUFAH Ka30a oxi KYHIC JACHIH Ta3apTy >KYMBICTAPBIHBIH OCEP €Ty aWMarblHA TYCKEH MKOK, COHIBIKTaH
SKBIHBICTAPIBIH KAPKBIH/BI iCIHY1 OaHKaIMaIbI.

«Capan» maxraceiaa 52k7-3 ITK1-TIK6 romseliepmik mTpekre dpKanchichl antsl AMK-350 ammynaceiHa
auaMeTpl 42 MM Tectiere Y3bIHABIFBI 1,6 M *KeTi KocapIaHFaH aHKep OOMBIHINA TAY *KBIHBICTAPBIH HBIFAUTY OOMBIHIIA
JKCIIEPUMEHTAILIBI KYMBICTAP KOJIFA ambIHABL bakplnay ockl Ka30ana »oHE IKCIHEPHMEHTTIK YUACKEeAe >KbIHBICTAp-
JTBIH ICIHOCTCHITIH KOPCETTI.

«Abal» mIaXTachlHAA Tay >KbIHBICTAPBIHBIH INOFBIPIAHYBIH TOMCHICTYTC OAFBITTAIFAH 3KCIICPHMCHTAIIBI
TeKcepy Kyprizy yumin ITK56+3 M nk55+3 M yuackecinae 22k12-c KOHBEHEPIIIK IITPEKTE AHKEP OPHATHLIFAH.

Koctenk arpiparer maxrtana [1K42-TTK62 apramras k4 4-I0bl IIBIFBIC KOHBCHEPIIIK MTPSKTCPAIH JAHBIH/IBIK
KEH)KapbIHA >KeP KbIPTHICHIHBIH KAMBIIFBICHIHIA Ka30aHbIH Oip MKAFbIH FAHA KAMTHUTBIH aHKEPJICP OPHATHIIABI. AHKEP
1,0 M kefiin 45° GypHIUICH KOMBUIBIL, TOMBIPAK KOHBSPTEHUMSCH MECH Ka36a Oyitipiepi 0,6-0,7 M-re azaiimsL
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Kapararas! OacceiHiHIH KeMip KadaTTaphiH d3ipICy NiH TYPJI Tay-KCH TCXHHUKAIBIK maprrapsmia Flac 2 Garmap-
JAMAaChIH AWAATIAHBII, ECENTEYJIEP KYPTrizinmi. Tay-KeH Ka30anapsl Tay »KbIHBICTAPBIHBIH IMOFBIPIIAHY IH a3aHTY IbIH
TEXHOJOTHSUTBIK ChI30AChIH TanAayFa MYMKIHIIK OCpeTiH, TYPHIi Y3BIHIBIKTAFBI KOMKCPUITCH >XKOHE OYPBIMTHIK
IIaTHIP AaHKEPIIEPi HETi3iHAC Ka30aIap/ablH TIK OYPHIIITHI KOHE apatbl KHMACHI KOJJIAHbBLIIEL.

Tay >KbIHBICTAPBIHBIH ICIHYIH a3alTy >KOHIHACTI KOJIJAHOAIBI MIHACT — KBIHBICTAPIBIH, OIBIPHLTYHI BIKTUMAT
aliMaK ImeKapa IIeriHae Ka30a KOHTYPBI OOMBIHINA OEKITLITEH MKBIHBICTAP AHMAFBIHBIH ITal1a OOMybIHA HETI3ACITCH
Kaz0amapapl CEHIMII »XoHE camambsl OCKITY MYMKIHAITIH KaMTaMachl3 €Ty eceOiHEH Tay-KeH Ka30amapblH OeKiTy
THIMZILTITIH apTTHIPY .

AHKeprik OCKITIIEMEH KYMBIC i1CTEY TEXHOJIOTHICH Tay-KeH Ka30a epHEYJICPiHiH OOHBIHIA SKbIHBIC OAFBITHIHIA
opHaryasL, Tik Gypermrarst 20-25° KypaMaac aHKEpIIep acTeiHA Kenbey Tecmenepai Oypreutayast kesneiini. Kasba
JKaFIaliblHA OPHATBUIATHIH AHKCPICPAIH Y3BIHABIFBIH JIMIHPHUKAIGIK (opMyna OOMBIHINA AHBIKTAY KOJIJAPHI
YCHIHBLIAIBL.

L=k¢* Bb * H, /N, m

mys1a kf - Tay-keH Ka30achl KOJICHCH KHMACHIHBIH HBICAHBIHA OAHTAHBICTHI SMITHPHKAIBIK, KO3 dummeHT; By, - Tay-
KEH Ka30achIHbIH €Hi, M; H; - Tay >KbIHBICTApBI ICIHYIHIH BIKTHMAJ INAMAacChl, M; N, - KbICYFa TOTBIPAK >KbIHBIC-
TapeIHBIH Oepikriri, MI1a.

Kaz0ausH OYHip KaOBIPFATAPEIHAA TCCIICICPIIH OPHANACY OMIKTITI OHBIH *KBIHBICTAPBIHAH KA30AHBIH JKapPBIKTa
omixririnig 1/3 6emirin xKypaiasr (h).

Byttipnepai Oekity koHE Ka30a TOIBIPAFHI MKBIHBICTAPBIHBIH INOFBIPIAHYBIH OONABIPMAy OOMBIHINA OPHATHI-
JaThH OYHIPIiK aHKeprep (Y HKIMAIAPBIH OIpiKTIpY KAMTAMAChI3 ETINIC L.

Kemip xabatsiaaars! ka30ausIH 5,0-1¢H 2,4 M-T¢ ACHIH OpTYPJIi Y3BIHIBIKTA OPHATACKAHAA JKOHE OVHip aHKep-
nep OonraH keszne Flac 2 GarmapinaMachH maWanaHa OTBHIPHI, KEPHEYTi-Ac(hOpMAMUIAHFAH JKAH-KYHI MOJCIH-
Jembai. Tay KbIHBICTApBI KYHIHE OPHATBIIFAH AHKEPICPAIH Y3bIHIBIFBI aliTapibIKTail ocep eprei. JKbIHbICTaphIHAA
11, OyHip >KeIHBICTAPBIHA 2 TA0AH JKbIHBICTAPBIHA Aa OYHIp KEpPHEY HEri3iHAeri aedopmManmsiiap acep eTemi.

AnFa KoiFaH MIHACTTI MICIOYAI KAMTAMACHI3 CTCTiH TCXHHKAJBIK HOTIDKS KA30a CPHCYIICPIH OCKITY TCXHOIO-
THACBHIH/IA >KOHE TOTBIPAK YKBIHBICTAPBIHBIH IOFBIPJIAHYBIH A3alTy OApBICHIHAA KOPIHET].

TeXHOMOTHUIIBIK 93ipreMenepai KoMmaHy Ka3Oamapapl >Kypri3yre jKOHE YCTal TYPYFa apHAIFAH INbIFBIHAAPIBI
7-10%-Fa azaiity¥a (yYCTam TYpyFa apHAIFaH INBIFRIHAAPABI 7-10%-Fa KBICKAPTY) MOHE JKYPTILII KaTKAH d3ipie-
MCHIH KyMa MeTpine 10-15 MBIH TSHIe¢ YKOHOMHKAITBIK BIKITAJ STYTE MYMKIHIIK Oepei.

Tyiiin ce3aep: KCH OHIIPY, AHKEPICY TEXHOJOTHICHL, TOIBIPAKTBHI TACTAy, MIATHIP OONTTAphl, OYHIpIiK
aHKEpIIEP, Tay >KbIHBICTAPHI KBICHIMBI, Ty *KBIHBICTAPBIHBIH KEACPTICI.
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HCCIEAOBAHHME BJIUAHUA 3AKOHTYPHBIX OI'PAKJAIOIIIUX AHKEPOB
HA TOAYTHE INOPO/ ITOYBbI BBIPABOTKH

AnnoTamust. 71 IpOBEACHHUS SKCTIEPUMCHTAIBLHON MPOBEPKH TEXHOJIOTHH AHKEPHOTO KPEIUICHHUS, HATIPABIICH-
HOH HA CHIDKCHHUC ITyYCHHS ITOPOJ MOYBHI, BBHIMOJIHCHBI PAa0OTHI 0 YCTAHOBKE B MOYBY METAJUIMUYCCKHX AHKEPOB
BI0J6 OOPTOB BHIPAOOTOK HA YUACTKAX AIMHOH 10 M M 3aMEpHBIX CTAaHIMH 1711 KOHTPOJSI AedopManmii yepes 5 M Ha
SKCICPUMECHTANBHOM VYACTKE M HA MPHICTAIOIMX YYACTKAaX AMUHOM 50 M ¢ Kakmodl CTOpoHBI depe3 10 M.
Mapximeiiaepckue CIy>KOBI AXT MPOU3BOIAT KOHTPOIb 34 MPOSIBICHHCM AC(PopMaIuii (HUBCIHPOBKA TIOYBHI) IBA
pa3a B HEJEMIO, a NPH MPOSBICHAH Ac(OpPMALMH OJWH Pa3 B HEACIIO C MPEIACTABICHHEM JAHHBIX IO JTHHAMHKC
TPOSIBJICHUN TOPHOTO JABJICHUA.

Ha mraxre «Kazaxcranckas» KaparanHauHCKOTO YroIsHOTO OacCeiiHa BBITOJIHEHBI pa0OTHI IO YCTAHOBKE META-
JIMIECKUX aHKEPOB B MIOYBY Ta30JPCHAKHOTO mmTpeka 3221;-3 Ha [TK21-22 (yuacrok mpoxomueckux pador YIIP-3).
OmHako mpeACTaBICHHAS BHIPAOOTKA A0 CHX [OpP HE NONANa B 30HY BIHSHHS OYHCTHBIX PabOT, MOITOMY
HHTECHCHBHOTO ITyUCHHUS MOYBBI HE HAOJFOIAIOC.

Ha maxre «CapaHckas» mpoBeAcHBI SKCIIEPUMEHTAIBHBIC PA0OTHI IO YIIPOYHEHHIO TTOPO/T MOYBHI B KOHBEHEP-
HOM mTpeke 52K;-3 [TK1-ITK6 mo ceMb CHAPSHHBIX AHKEPOB JMMHOH 1,6 M B IIMypsl AHAMETPOM 42 MM HA HIECTh
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amnyn AMK-350 B xaxaenid. HaOmroaeHHS MOKA3aad, IYTO B JTAHHOH BBHIPAOOTKE M HA 3KCIICPUMCHTATEHOM YUACTKS
My4YCHHE MOPOJ OTCYTCTBYET.

Ha mraxre «Abadckas» Al MPOBEACHHS IKCIICPUMEHTAIBHONH MPOBEPKY, HANPABICHHOM HA CHIDKCHHE ITyve-
HUA TIOPOJ IIOYBBI YCTAHOBJICHBI AHKEPA HA KOHBEHEPHOM INTPEKe 22K;,-C HA yyacTke [TK55+3 M mo TTK56+3 m.

Ha maxre wmm. KocTeHKO mpom3BencHA YCTAHOBKA HAIIOYBCHHBIX AHKEPOB B IOATOTOBHTECIHHOM 3a00¢
4-r0 BOCTOYHOTO KOHBCHECpPHOTO mTpeka K4 HA [TK42-TTK62, HO TOMBKO ¢ OJHOHW CTOPOHBI BHIPAOOTKH. AHKEpa
VCTAHOBIICHBI IO YIIoM 45° wepe3 1,0 M, 4TO MPHBEIO K YMCHBLUICHHIO KOHBCPICHLMHA IOYBBI i GOKOB BBIPAOOTKH
Ha 0,6-0,7M. PEeKOMEHIOBAHO C IIENBI0 MOJYUCHHS Oo0sbIero 3Qpdexra Mmpom3BOANTH YCTAHOBKY HANIOYBEHHBIX
AHKEPOB ¢ 00CHX CTOPOH BHIPAOOTKH COBMCCTHO ¢ AaHKCPHPOBAHHCM OOKOB BBHIPAOOTKH.

[TpomsBeneHbI pacyueTsl ¢ MCHOIB30BAHHEM MpoTrpaMMbl Flac 2 it pasmiiHBIX TOPHOTEXHHUCCKUX VCIOBHH
pa3paboTKu yTodpHBIX IIacToB KaparamamHckoro OacceifHa. [IpMMEHEHBI HPSAMOYTOJNBHOE M APOYHOE CCUCHHC
BBIPA0OTOK C NMPHUIIOYBCHHBIMH W YTJIOBBIMH KPOBCJIBHBIMH AHKEPAMH PA3TUYHON [THHBI, MO3BOJUBIINMHE MPOAHA-
JTM3HPOBATH TEXHOJIOTHICCKUE CXEMbI CHIDKCHHUS Iy YCHHUSI TOPO TTOUBBI TOPHBIX BEIPAOOTOK.

[MpukmagHas 3a7ada MO CHIDKCHHIO MYUCHWS IOPOA TOYBHI 3AKIIOYACTCS B MOBBHIMCHHH 3(PeKTHBHOCTH
KPEIUJICHHS TOPHBIX BBIPAOOTOK 3a CUET OOECIHEUCHHUSI BO3MOKHOCTH HAJCKHOTO M KAUYCCTBEHHOTO 3AKPETLICHUS
BBIPA0OTOK, OOYCJIOBICHHOTO OOpAa30BAHMEM 30HBI VKPCIUICHHBIX IOPOJ IO KOHTYPY BBIPAOOTKH B IIpelenax
TPaHHMIIBI 30HBI BOBMOKHOTO OOPYIICHUS TOPO.

TexHOMOTHS PAOOT AHKEPHOHN KPEMbIO MPEIyCMATPUBACT €€ YCTAHOBKY B HAINPABJICHHH IIOYBHI BIOIH OOPTOB
rOpHOU BBIPAGOTKH, 3a0yPUBAHHCM HAKJIOHHBIX LIMYPOB IO COCTABHBIC AHKEPHI MO yriioM 20-25° k BepTHKAIM.
JlnuHY aHKEPOB, YCTAHABIMBACMBIX B OOPTA BBIPAOOTKH, PEKOMEHIYETCS ONPEACTIATH IO IMITUPUIECKON (opmyTie:

L=k¢* Bb * H, /N, m

rae ky—mmmpraecknii K03(hPHUIUEHT, 3aBUCIIINI OT (POPMBI MTONIEPEUHOTO CEUSHHUSI TOPHOH BEIPabOTKH, B}, — mmpmHa
TOPHOH BBIPAOOTKH BUCpHE, M; H,, — BEPOATHAS BEIMYMHA Iy YECHH OPOA MOYBBL, M; N;; — IPOYHOCTH MOPO/I MOUBHI
Ha cxatue, MIa.

BricoTa pacmonoskeHUS Ty poB HA OOKOBBIX CTCHKAX BHIPAOOTKH OT €¢ MOYBBI COCTABIACT 1/3 4aCTh BBICOTHI
BEIPAOOTKH B CBETY (h).

O0ccmeunBacTCs COBMCIICHUC (DYHKIMH YCTAHABITHBACMBIX OOKOBBIX AHKCPOB IO KPCIUICHHIO OOKOB H
TIPETOTBPALICHHUEO IyYICHHUS MOPOJ MOYBHI BHIPAOOTKH.

[TpousBeieHO MOAETMPOBAHKUE HANPSDKEHHO-IC(OPMHUPOBAHHOTO COCTOSIHHS C MCIIOJIBb30BAHUEM IIPOTPAMMBI
Flac 2 mpu pacnonoxeHuH BHIPAOOTKH B YTOIBHOM ILIACTE TIPH PATHIHON JITHHE MIPHIIOYBEHHBIX aHKEPOB OT 5.0 10
2.4 M 1 HammauH OOKOBBIX aHKEPOB. CyIIECTBEHHOTO BIMSAHUS JJIMHA MPUIIOYBEHHBIX AHKEPOB HA COCTOSHHE MOPO.T
moyBbl HE OKazano. CieayeT caenaTh BBIBOJ O TOM, YTO HA Ae()OpMAINH W HANPSDKCHHA B KaK OOKOBBIX, TaK U B
MOPOAAX MOYBbI OKA3BIBAIOT HE MPHUITOYBCHHBIC, 4 OOKOBBIC aHKEPA.

TexXHIIeCKnH pe3yabTar, JOCTIKCHIE KOTOPOT0 00ECTICYHBACT PEIICHHUE MIOCTABICHHOM 3a/1a4H, BHIPAKACTCS B
TEXHOJIOTHH KPEIICHHUS OOPTOB BHIPAOOTKY M CHIDKCHUH Iy YCHHS TOPOJT €€ TIOYBHL

[TpuMeHEeHHE TEXHOIOTHYECKHX Pa3pabOTOK IMO3BOJHT CHHU3UTH 3aTPaThl HA NPOBEACHHE H ITOJ/ICPYKAHUC
BBIPA00TOK Ha 7 — 10% ¢ MPUIMOYBCHHBIMA AHKEPAMH (COKPAIICHHUS 3aTpar Ha moaaepskanue Ha 7 — 10%) u mo3Bo-
JMT TTOJIYYUTh SKOHOMHUYECKUH 3 ekt 10 - 15 ThIC. TeHre Ha MOTOHHBIH METP MPOBOJIMMON BBIPAOOTKH.

Kimo1ueBbie cioBa: TopHas BEIPAOOTKA, TEXHOJIOTHS AaHKEPHOTO KPEIUICHUS, IOy THE IIOPO/ MOYBbI, AaHKEPHAS
Kperb, OOKOBBIC aHKEPA, TOPHOE AABICHUE, YCTOHUMBOCTD TIOPO/.
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