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BBbPXY KHHEMATUKATA HA PA3PYLLEHWUETO HA CKAJTHUTE MACUBU NPU
CBNAYULLIHU ABNEHUA W MUHHU PABOTHU

IMo6omup Kanpos

MuHHo-reonoxku yHusepeuTeT “Cs. MeaH Puncku”
Codoms, 1700, Bunrapus

PE3IOME

OB6MKHOBEHO Ce Marko o6pbma BHMMaHWE Ha KMHeMaTukata Ha 4actuyuTe npu paspyLumMTenHi ABneHnsa 1 ce pasrmexaar npeanMHoO JUHaMmU4ecku n (bI/ISVNeCKI/I BBbMPOCU. B
JoKrafa ce nokassa, Ye To3W BLMPOC MPY CBMAYULLHIATE SIBMEHWS UMa TBbPAE BaXHO, AOPW pelLaBallo 3HaYeHWe 3a LANoCTHaTa OLeHKa Ha sBreHusTa. [lasar ce Hskou

OKOHYaTeNHW 13B0AW N NPENOPBbKU.

/3BeCTHO €, Ye LMANHOPUYHITE NMOBBPXHUHW NPUHAAMEXaLLM
Ha KPbroB LMMWMHOBP, CA  EAMHCTBEHW KPUBOMMHEMHW MOBLPX-
HWHW, MO KOWTO Ca Bb3MOXHWU XITb3raHUs Ha CKAMHWM  MacuBsM,
pasrnefaHn Kato paBHWHHW cucTemn. Habniogasanu ca ronsm
Gpoit npumepm Ha Tak1Ba XITb3raHus. Ha dur. 1 e nokasaH eauH

TakbB Crydail, B3eT OT AencTBATENHOCTTa. MMpu peanua BaxHM
CTpOMTENHM OBEKTW Ce € OKa3Bano Bb3MOXHO Aa Ce MUCTM 3a
Taku1Ba ABVKEHWS UMK 1@ Ce HOCAT TEXKW NOCHeaCTBUS OT TakuBa
LBXEHNS.
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Queypa 1

I ecTecTBeHO, Bb3HIKBA BLMPOCHT, Kak MOXe fia Ce NPeacTaBu
CBMAYMLLHOTO [IBVKEHWE, Kak MOXe [a ce onvwar aedopma-
LIMOHHOTO , W HAMPErHaToTO ChCTOsHME B OBLL, Criyyaii, M B YacT-
HOCT — KaK MOXe Aa Ce NPeaBWKAAT CBMAYULLHITE BUKEHMS.

TyK wwe oTbenexuM, Ye H1Ue He ce MHTepecyBame OT CamoTo
CBMAYNLLHO [BiKeHWe. To e TBbpae CMOXKHO M NOYTU BUHar
HEOMMCyemo CTporo  Marematuyecki. [oHsikora TO npowsnusa
NaBMHOOOPA3HO M MOYTW EHEBB3MOXHO @ CE MUCIIM 38 MaTeMa-
TMYeckoto My ormceaHe. CTpemuMm ce camo fa OTKpUeM
CUNOBUTE B3aMMOOENCTBUS 8 MOMeHma HenocpedcmeeHo
npedu 3anoyeaHemo Ha cena4yuUHoOmMo A8UKeHUE.

W no-TouHo Ka3aHo, CTpemuMm ce [da OTKpuem cunute —
aKmueHU U 3adbpXallu,HerocpPeaCTBEHO MPeay 3ano4BaHeTo
Ha [JBwkeHueTo. TpsbBa CbWO Taka fAa Ce nosHaeat
(DU3MKOMEXAHUYHUTE  BEMUYMHM, [NaBHO KOeDUUMEHTATE Ha
TPWEHE U KOBDULIMEHTUTE Ha CLiENMEHMe.
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3a pa ce pelum Tasu TpyaHa 3agava, Tpsibea pasbupa ce, aa
“MaMme HAKOW CBEefeHUs 3a CTpyKTypata Ha CKarHug Macws,
CBEMeHWs 3a MOBbPXHUHM Ha pa3xnabBaHe, 3a PUATPaLMOHHITE
BOOMW U MOTOLM, 3@ BL3AENCTBMS HA BBHLIHM CUMA OT MONE3HM
TOBapy, OT NPEBO3HM CPELCTBA OT EBEHTYaNHN B3puBHW paboTy,
HabWBaHWs HA MWNOTY, CEU3MMYHWA BBIHU U Py OUHAMUYHM
Bb3ENCTBIS.

Ho HalueTo BHAMaHMe Le Gbe CbCpefoToYeHO [MaBHO BbPXY
edHa CTpaHa Ha SBNEHMETOKOATO PAOKO CE pasmexga C
HeobXxoaMMaTa MbiHOTa M CTPOroCT. Mamycka ce YecTo BHUMA-
HMETO KbM (haKTa, Ye CBIMAYMLLHOTO [BVKEHME UM, Haped CbC
BCMYKM CBOW CTPaHW U CBOIACTBA — MHOTO CTPOTO ONpedeneHu
KuHemamuyHu ceoiicmea. [pu ToBa TyK CTaBa [yma 3a
KHEMaTV4YHa reoMEeTpUs, Bofella A0 CbCTaBsHE Ha OnpeaeneHn
MO3ULMOHHM (OYHKLMM, HO W 33 MHCMHUTE3NMANHI CBOMCTBA,
KOMTO CriedBaT OT hakTa, Ye 3a ChCTOSHUSTA Ha paBHOBECHE HE
ca [0CTaTb4HN OOWKHOBEHUTE PaBHOBECHW YpaBHEHMS Ha
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cBOBOAHOTO TBBLPAO TAMO, HO M PABHOBECHU YpaBHEHWS criep-
BaLLy OT NpuHUMNA Ha BupTyanHute npemecteanus (MK KnedH,
Crp.Mexanuka Coinyuux Ten M.1977, ctp.91).

MMPUHLMAMLT Ha BUPTYarHUTE NPEMECTBAHUS M3NCKBA BbBEX-
[aHe Ha KOOpAMHAaTHa cucTema, Hail-4ecTo JekapToBa W Cb3-
[aBaHe Ha J0CTa TEXbK anapar 3a OnuUCBaHe Ha BUPTyanHuTe
MpemMecTBaHus, 4pe3 4acTHU MPOM3BOOHA Ha YHKLMM Orpe-
[eneHn B [ekapToBu koopauHaTti. [Mpu ToBa, TyK HE ce MUCIW
caMo 3a pa3rmexgaHe Ha LAMoTo TANO — ckaneH MacuB kato
€nacTyHO MNK enacTonnacTMyHO XOMOTEHHO MIW XETeporeHHo
TAN0. MacnengsaHns C TakaBa HAaCOYEHOCT Ca OTAABHA W3BbP-
LueHM, cTporo oDOCHOBaHM, W W3nuTaHu B npaktukara (B.B.
Coxornoscky, H.H.Macnos, I.J1.®uceHko, Robert Schuster,
Raymond Kirizek,C.C.lonywukeBumY), HO BCUYKM Te Ca CBbp3aHu ¢
[0CTa TPYA0EMKM onepaLiyu.

MpakTnyeckn e HeoOXoAUMO fa Ce nomnssaT MeToaM, KouTo
Mo3BOMsBAT Aa Cce MoBTapsT npoueaypute-ronsam 6poi, cToTvup
un xunsgu met. W ga ce nogbupat TakvBa CbBKYMHOCTM OT
pesynTatu, OT KOMTO Ce BibKAA CXOOMMOCT KbM OMpedeneH
eAMHCTBEH kpaeH yucneH pesyntat. Camo B TakbB Cryyain Moxe
fa ce npueme, 4Ye pe3yntaTtbT BOAM [0 KbM CMONY4nMBO
npeapwkeaHe. PabotHata rpyna B MIY, oT kosito mpowsnusa
HacToslata cTatus Ce CTpeMM KbM TakuBa pesyntaty K
CbOTBETHM METOON.

MeTofbT, KOITO Ce 13Mon3Ba B HacTosiLaTa CTaTusl € CBbp3aH
ChC CrieLaneH B MOAEnMpaHe Ypes CUCTEMM OT N-bIbIHLM (N
e Mo-TonsMo N paBHo Ha 2) . Korato cucTemata ce [BvxXMU,
[BWXAT Ce M NbrbiHULMTe. Ho, Npn 3aaunTe 3a paBHOBECHETO €
HeobXoMMO Ja CY CMyXWn Camo C NMPeMECTBaHWs, U TO BUp-
TyanHu. BupTyanHuTe npemecTBaHWs ca U30XPOHHM, T.e. Hesa-
BUCMM OT BPEMETO (He MPOM3NM3ALLY C TEYEHWE Ha BPEMETO) .
BCuuki UM MPUNOXEHM BbPXY CUCTEMATA, OCTABAT HEU3MEHHM
npu npemecTeaHeTo. Cuctemute ca GriokoBM M ce pasrmexaar
Hal1-4eCTO OTHOCUTEMNHI MPEMECTBaHIS Ha Briokose. [BWxeLLMTE
Ce MHOTOBIbIHALYM OrpaHM4aBaT MEXOMHHUA-MNOWM C Marku
pasMepy Mexay CbcenH Grokose.

Mopany MarkuTe pasMepn Ha MEXOVHHUTE MOLM W MarkuTe
BITIM (Marnkv YacTy OT rpaglyca) U brmu MHoro Gnmsku 4o 180°,

MEXOVHHWATE Mrowy Cca TPYAHO OMMCYeMM TOYHO. TSXHOTO
HayepTaBaHe e MpaKTUYECKM HEBB3MOXHO. 3alloTO HSMa Tor-
KOBa CbBBbPLUEHW ypeaK, C KOUTO Aa Ce HaHaCAT b, KOUTO ca
Markv YacTy oT rpagyca. Ho, TOYHOTO peLUeHre e NpUHUMNANHO
BB3MOXHO W Heobxogumo. Mpu ToBa, B MHOIO Cryyan ce Hanara
[a Ce CbCTaBAT rofisiM Bpoil MHOrOBbIBIHULW. TOBa € NpuymHaTa
[a ce 13non3ssa 0cobeH, HOB MO MPUHLMMN METOA, KOMTO HaKpaTko
Le 6bae cbobLLeH no-gony.

ETo B KaKBO Ce ChbCTOM TO3M MeTof. BMecTo Mankute TpyaoHo
1306pa3 My MIOLLY, YEPTAST Ce UMM NMPOCTO CE CLCTABAT roneMm
MHOTOBIBIHULM, KaTo Ce pedyuMpaT no npaBunata Ha
MexaHIKaTa BCUYKW aKTVBHW W 3adbpXall CUMK 3a OnpefeneHm
TOYKM HA MHOTOBLMbIHMUMTE. Thil KaTo NpeMecTBaHusTa Lue
GbaaT CBefieH 40 BUPTYarHI NPemMecTBaHIs, BCUUKW aKkTUBHIA U
3aObpXally CAMM  lie OocTaBaT HEeM3MEeHHW Mpu  BCSKO
npemecTeaHe, T.e. Lie NOMy4YaBaT Mpu NPeMecTBaHusiTa camo
TPaHCNaLWM, HAMa [a M3MEHST HUTO CBOWTE TONMEMMHI, HUTO
CcBOMTE HarpasneHns. M pasbupa ce, HUTO NpemecTBaHuATa,
HUTO paBoTUTe Ha CANUTE LUe MMaT (HU3MYECKM CMUCDII.
CreunanHo npemecTBaHMsiTa Ha  MHOTOBIBIHALMTE W Ha

ckanHuTe G6riokoBe CBbP3aHM C TsX, Ha MPbB NOMend Lie
W3rMexaaT HEBL3MOXHIN U HeBeposTHW. Ho Tesn Henmpuemnuen
KapTWHM LLE U34e3HaT, KoraTo onpesieneHm, crieLpanHo noaopaHi
rnapamMeTpu — Mo CbLECTBO — OGOBLUEHM CUMM, 3armodHaT Ja
KINOHSIT KbM HyNa, My KOETO LLE Ce CTUrHe 40 OHe3W Marki brmu
1 Opyr pasMepy, KOUTO UMame B AeiicTBATenHocT. Monsata ot
Tasn paboTHAa CuCTEMA CE CbCTOM B TOBA, Y& BCHYKM MHOTO-
BIBIHALYM 1 U3pasuTe 3a paboTuTe Ha BCUYKM CUN LLE MOXe Aa
Ce CbCTaBST MaTEMATVHECKH, 11 M3UYNCTIEHISTA [1a Ce M3BbPLLAT C
MPOW3BOIHa TOYHOCT. ToraBa LLE Ce OKaxe Bb3MOXHO MpocreasT
W MpYemaT 3a BEpHU BCMYKW KpailHU pesymnratv MpW M3BbpLU-
BaLLMsi Ce rpaHNYeH Npexoq .

Bbpxy npoctu npuMepm e Gbae MokasaHo kak ce mpwnara
npeanoxerus: metod. Kato Hait-npoctata 6rokoea cuctema Lie
6bae pasrnegaHa n3obpaseHata Ha ur. 2.
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Queypa 2

Ts ce CbCTOM OT eAMHCTBEH BROK, KOWTO € Npu3aMa 1 Ha cxemara
a), Ce BWKZA ocHoBaTa WM. Bbpxy OMOKbT ca MpuUnoxeHw
MHOXeCTBO cinu. Ako Mexay A u B, no abra AB Bpb3kuTe Mexay
yacTUUMTE M34esHaT, nof AEeCTBUS MPEeACTaBEHU CbC CMM -
aKTUBHM 1 3aObpxalLy, BNoKsT Le ce NpeMecTu, 1 Ha cxemarta 6)
e m3obpa3eHo HOBOTO MoOnoXeHne. To e (puanyeckn Heoch-
wecteBuMo. M npecmeTHatuTe paboTM Ha cunuTe He ca
HeobXxoguMK 3a HWKakBa Len. Te ce momnyyasaT camo 3a [a
CbCTaBsT 6e3ynpeyHo u3pasute 3a pabotute, M upe3 TsX,
HamarnsBaliku napametbpa ¢ 6mv30 Hyna, nonyyaBame M3pas,
MHOrO 61M3bK 10 M3pa3bT 3a cOopa OT BUpTyanHuTe pabotu. A ot
HEro NMECHO MOXe [a Ce MOMyyl PaBHOBECHOTO YpaBHEHME Ha
aKTVBHUTE W 3abpXaLluTe CuIk, KOETO e kpaitHaTa uen. W Tosa
YpaBHEHME MOXE Aa MOCIYXM 3a [a NPUCTLIUM KbM 3adauuTe 3a
n3crieBaHe Ha AUGOPMALMOHHOTO U HaNpPerHaToTo ChCTOsHNE
Ha 6rnoka. Ha crneagawuute cxemu Ha cour. 3 ca cxemaTuyeckm
nokasaHn peguua [obpe MO3HATM OT MpakTUKaTa  3agauu.
W3obpaseH € OTKoC, MOMyyeH cried OTCTpaHsiBaHe Ha ckaneH
macwB orpaHuyeH ot npasata AE.

FOONLLHWK Ha MurHo-eeonoxkus yHugepcumem “Ce. Mear Puricku”, mom 46(2003), cs. Il, JOBUB U NMPEPAGOTKA HA MUHEPATTHV CYPOBUHU
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Queypa 3

Mpn Bb3OENCTBME Ha AaKTWBHM W 3agbpxaly CumW, ce
rnonyyasa M1creHo npemecteaHe Ha Brioka ABCE, koito usnaga
B nornoxeHueto A1,B1, C1, E1. C nomowta Ha YeTUpuBIbAHUKA
BCC1B, ce npecmsitar paboTuTe Ha CunuTe U cred, npexoga ce
rnonyyaBaTr CbOTBETHUTE PABHOBECHW YPaBHEHMS, KOWTO Ce
npuemart 3a JeicTeutenHn. Ha curd e msobpaseH macus, 3a
KOWTO Ce nmpeanorara, Ye e OrpaHNyeH OT KPbroBO-LMIMHAPUYHA
MOBLPXHWHA - MUCIEHO pasgeneH Ha enemeHTn "otceku". Ypes
cbluara npouenypa, 3a onpedeneH enemeHT ce u3obpassBsa
MUCIIEHO MPWABWKBAHE Ha LENMs MacvB, M CE U3BbPLUBAT
WM34MCTIEHNS BOLELLM 10 PeasHui CUMOBY B3aUMOLENCTBUS MEXIY
enemeHTuTe. MpeanoxeHata npoueaypa “ma NpeaumMcTBoTo, Ye
OTrOBapsl Ha BBMPOCA 3a B3aUMOZENCTBUSATA MO BEPTUKANHUTE
CTeHW Ha enemeHTUTe. TN BaXkeH HEOOCTATbK Ha JOcCeralH1Te
npoLeaypy ce W3TbkBa OT HAKOM aBTOpW (CMOMEHATM MO-Tope,
KneH, Libirosuu).

Mpenopvyara 3a nybnukysarHe om kamedpa
“Omkpumo pa3pabomeaHe Ha NoMe3HU U3Konaemu
u 83pugHU pabomu"“Ha MT®
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ON THE KINEMATICS OF DESTRUCTION OF ROCK MASSES AS A RESULT OF LANDSLIDES AND MINING
OPERATIONS

Lubomir Kandov

University of Mining and Geology “St Ivan Rilski”
Sofia, 1700, Bulgaria

ABSTRACT

Usually a little attention is paid to kinematics of particles of destruction on processes and mainly dynamic and physical topics are referred. The paper reveals that

this matter referred to landslides is rather important for complete assessment of phenomena. Some final conclusions and recommendations are presented.

It is well known that cylindrical surfaces belonging to
circular cylinder are the only curvilinear surfaces on which
rock mass slidings as plane systems are possible. Great
number examples of such slidings are observed. On fig 1 is
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presented such a case, taken from the reality. For many
important building sites had been possible to think about
such movements or heavy results from such movements to
be carried.

Figure 1

And naturally arises the question how could landsliding
movement be presented, how stress and strain status of rock
mass to be described in general, and what is the way such
movements to be foreseen.

Here we will note that we are not interested of sliding
movement itself. It is too complex to be described
mathematically correct. In some cases it develops in an
avalanche way and it is really not possible to be described
mathematically correct. We only strive to discover forces
interaction at the moment just before sliding movements
start.

In another words we try to discover the forces active or
retaining just before sliding movements start. Also
phisicomathematical parameters generally factor of friction
and factor of cohesion must be known.

To decide this difficult mathematical problem, we must
have in our disposal some rock mass parameters such as its
structure, data about its loosening, water circulation, applied
(outer) forces from useful loads, vehicles eventual blasting
works, seismic waves, piles driving in and other dynamic
influences.

But our attention will be concentrated generally towards
one side of the phenomenon, very rarely discussed with
necessary completeness and correctness. Very often the fact,
that sliding movement together with all other sides, very
strictly defined kinematic properties. Here we have in mind

the kinematical geometry, leading to definite position
function and to infinitesimal properties, which follows from
the fact that for state of equilibrium only ordinary equation for
free rigid body are not enough, but equation, coming from
the principal of virtual replacements must be taken into
account (I.K KneliH, Ctp.MexaHuka Cbinyuux ten M.1977,
cTp.91).

Thee principal of virtual replacements requires introduction
in the most cases of a decart coordinate system and
demands rather heavy way of virtual replacements
description by using partial derivatives of functions in decart
coordinates. Besides, there has not thought for observation
the rock mass problem as an elastic, or elastoplastic,
homogeneous or heterogeneous body. Correct, well pointed
and practically verified investigations in this directions are
made very long ago (B.B.Cokonoscku, H.H.Macnos,
[.J1.®uceHko, Robert Schuster, Raymond
Krizek,C.C.lonywkeBuy), but all of them require very
laborious operations.

It is practically necessary methods to be used, which
permit some procedures to be repeated hudredth or
thousands times. And such populations of results to be
selected from which convergence to only one defined
numerical result is evident. These are the only cases when
the result obtained leads to correctly foreseen events. A team
of scientists from University of Minig & Geology from which
this article comes, is pointed to such results and usage of



such relevant methods.

Method, proposed in this article is connected with special
kind of modeling by systems of n- angles polygons (n is
equal or bigger than 2). When system moves, multyangle
polygons are moving too. But for equilibrium problems is
necessary to use only virtual displacements. Virtual
displacements are isochronous (not time dependant). All
applied on the system forces rest unchangeable during
movement. Systems consists of blocks and very often
relative block displacements are discussed. Moving
multiangle polygons bordered intermediary surfaces with
small areas between neighbouring blocks.

Because of the small area of intermediary surfaces and
small angles (only parts of the degree) and angles, very near
to 180° correct description of intermediary surfaces is very
difficult. Their drowing is practically impossible. Because
there is not such precise devices for drowing only parts of
the degree angles. In spite of that , correct decision is
possible and necessary. In many cases big number of
polygons must be composed. This is the reason a particular
principally new in method to be created, described below.

What is the essence of the method. Instead of the small
difficult to be presented polygons, big polygons are
composed and then reduced keeping the principal of
mechanics for all active and retaining forces for defined
points of polygons. As all displacements are brought to
virtual displacements, all active and retaining forces will rest
unchangeable at any movement, i. e. they will receive only
translations and will neither change their values nor their
directions. And of course neither convergences nor work of
the forces will have physical sense. Especially displacements
of polygons and connected to them rock blocks are
unbelievable or even impossible on the first look. But these
unbelievable pictures will disappear when defined, specially
chosen parameters- by nature- generalized forces begin to
tend to zero and this small values of the angles and ither
dimensions will be reached which we have in reality. The
benefit of this scheme of work is, that all polygons and the
expressions for forces work can be described mathematically
and calculations to be done with arbitrary correctness. Than
all final results can be followed and took as correct at this
boundary translation.

It will be demonstrated on simple examples how this
method is applied. As a most simple block scheme will be
taken this one on fig 2.
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Figure 2

It consists of one single block, which is prismatic and on
scheme a) its base can be seen. Many forces are applied on
the block. If connections between particles of curve A and B
vanish, under the action of forces presented- active and
retaining, block will converge and on scheme b) is presented
the new position. It is not physically possible. And calculated
results of forces work are useless for any purpose. They are
obtained just to compose correctly expressions for works
and trough them, reducing the parameter nearly with zero, we
obtain an expression very near to the sum of virtual works.
But from it is very easy to obtain equilibrium expression,
which is the final aim. And this equation can be used to go to
investigation of stressed and strained block status. On the
next schemes on fig. 3 are schematically presented many
well known from the practice cases. It can be seen a slope
after removal of part of the rock mass, restricted by the
straight line AE.

Figure 3

Under the action of active and retaining forces, the block
realizes imaginative displacements and from positon ABCE,
comes to position A1, B1, C1, E1. With the aid of quadrangle
BCC1B working forces are calculated and after the translation
equilibrium equations are obtained, accepted as real ones. On fig.
4 is presented a rock mass, supposing that it is bordered by
circular- cylindrical surface, divided to several elements. Trough
the same procedure, for a defined element a procedure of



imaginative movement of all rock mass is made and after
calculations this leads to real force interaction between elements.
Procedure proposed has the advantage, that it responds the
question, conceming the interaction on vertical walls of the
elements. This important disadvantage of previous methods is
pointed out by some authors (mentioned above KneiH, LibiToBuy).

Recommended for publication by Department of
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