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Mcnonb3oBaHue KypcuBa

= [UIA BBUICJIICHV TI0IPA3IesIoB craTbu Rock type
matters, Ground Stress, Rules of Thumb);

m  JUUIS BBeIIeHMS HOBBIX ITIOHITUM B TEeKCTe:

A force field that is applied to a liquid or gas is
called a pressure; it applied to a solid it is
termed a state of stress.

= [UId BbUIeJIeHVs 0cO00 BaXXHOVI MHQOPMAIIUN,
Ha KOTOPVIO cJjiefyeT o0paTuTh BHUMaHUKe: By
elastic analysis, the circumpherential stress at
the skin of the shaft wall is double the horizontal
ground stress that existed.




NNekcnyeckmne ocobeHHOCTU TEeKCTa

= KHVP>KHDBIE CJIOBA

extent, to utilize , evolved, primarily,
mitigating, thus, detriment, , prevail,
integral, sufficient.



NNekcnyeckmne ocobeHHOCTU TEeKCTa

Mopc

DOJIOTMYeCcKas KIIacCUC

TePMIHOB

= IIpoctsle: sill, stope, stopper

DVIKALVIA

m Ciioxublie: coalmine, borehole

= |epMMHBI-CJIOBOCOYETAHIA:

circular shaft, wall bolting, spherical
washer, drill core



NNekcnyeckmne ocobeHHOCTU TEeKCTa

= TEPMWHBI - ClIelIVaJIbHbIe 3HAUeHVIs
MHOTO3HaYHBIX
OOIIIeyITOTpeOnTEeIIbHBIX CITOB

= OOIeTeXHMYeCcKe TEPMIHBI

= TEPMWUHBI, YIIOTpeODsIsieMble B [IBYX
1 DoJiee oTpaciisax
[IPOMBIIIIIEHHOCTU

= CHelraIbHble TePMHBL



NNekcnyeckmne ocobeHHOCTU TEeKCTa

TEPMIHDI - CIICTIVIAJIBHBIC SHAYCH A

MHOTO3HAYHbBIX OOIIeYIIOTPEOUTEIbHBIX
CJIOB :

= beam -1yd4, yjIpI0OKa, HABOV, ABIIUIO, OPYC,
0a1xa (TOpPH.)

= heading - ronoBka, Bepxy1mka,
KYJIbMVHALIVIS, 3aT0JIOBOK, 2446HblU Umpex
(ropH.)

= jackleg - HekBanmMPUIIMPOBaHHBIN,

OecuecTHBIVI, HEKOMIIETEHTHBITA,
nHeBmonodoepxka (MHX.)



NNekcnyeckmne ocobeHHOCTU TEeKCTa

= OOIleTexHMYecKyie TEPMUHHBI :

= Compression - cxarue (Tex.)

= wall bolting - xperuieHne cTeHOK
aHKEePHOW LIeIbIO (TexX.)

= Stress - HaIlpsDKeHVe, Harpy3Ka,
ITaBJIeHVe, HaTsDKeHue (Tex.)

= safety factor - koadpdpuimenT 3anaca
ITPOYHOCTHU (TeX.)




NNekcnyeckmne ocobeHHOCTU TEeKCTa

TePMUHBL, YIIOTpelsigeMble B JIBYX VIV
DoJlee OTpaCyIsiX TPOMBIITUIEHHOCTMU :

= anchorage - dukcanusa (Mmezn.),
3aKpervieHe (TeX.), AKOpHas HoJIepKKa
(Omos1.), ctraHmapT, 3TaJIOH (IICUX.),
anxepoBxa (MHX.)

= stoper - TeyleCKOIIHBIN Oy pPVUIbHBIN
MOJIOTOK (FOpH., HET.)

= drill core - OypoBom xkepH (TOpH., HEPT.)




NNekcnyeckmne ocobeHHOCTU TEeKCTa

[m]

[m]

[m]

CrernvagbHble TEPMUHBL:

rock mine - TopHas maxra (TOpH.)
stope - odmcTHOV 320011 (TOPH.)
rigid shaft — >xecTknit Bas (MHX.)

borehole - ity p (rops.)



NNekcnyeckmne ocobeHHOCTU TEeKCTa

AOOpeBUaTyPHLI:
= RQD (Rock Quality Data)
= (RMR) Rock Mass Rating
= SF (safety factor)



NNekcnyeckmne ocobeHHOCTU TEeKCTa

IMeHa COOCTBEeHHBbIE:

@ AHTPOIOHMMBI - Brummer, Dr. James
Scott W. E. Bawden

= HJA3BAHUA ( CDVISVI‘IGCKVIX 3dKOHOB

dopmysr, MeronoB - Mohr-Coulomb
analys1s Obert Duval and Hedley

formulae;

m TomoHMMBLI — India, Canada, South
Africa, , Canadian Shield,, Idaho, North
America;




NNekcnyeckmne ocobeHHOCTU TEeKCTa

= Ha3BaHW MECTOPOXITEHU, ITIaXT,
npunckoB - the Kolar gold mines, Lucky
Friday Mine, Timmins and Sudbury (in
Ontario);

= HasBaHWS __ HaVYHO-VCCIIeNOBATEITbCKIIX
MHCTUTYTOB - the South African National

Institute of Engineering (SANIRE), the
Australian Centre for Geomechanics




Jlekcnyeckmne oCoOb6eHHOCTU TeKCTa

= Ha3BaHUI KOMITBIOTEPHBIX ITPOTPaMM -
Microsoft Access® seismic database,
Microsoft Excel® spreadsheet,

AutoCAD®
= Ha3BaHW4I TOPrOBBIX MapokK - Swellex®

= Ha3BaHMA KHUT - "Simple Truths about
Rockbursts,"

= Ha3BaHWI VCTOPUYECKMX IIEePUOIOB -
Jurassic Age, Precambrian (rocks),

= HasBaHMs TIPoeKkToB - South Deep
project




[[pamMmmaTn4yeckmne oCoO6eHHOCTHU
TEeKCcTa

dppasbl ¢ DpeuToroM of:
the thickness of the beam,
zone of uniform compression,

the design of rigid stope pillars,
depth of proposed mining,

zones of subsidence,
the back of a heading .



[w]

[[pamMmmaTn4yeckmne oCoO6eHHOCTHU
TEeKCcTa

Present Indefinite Active:

This minimizes the amount of disturbance
of the stress field compared to an
opening normal to the maximum stress.

Failure results sooner than with plain
concrete.

The stress concentrations encountered are
mainly compressive and steel is not an
economical material to  withstand
compression.



[[pamMmmaTn4yeckmne oCoO6eHHOCTHU
TEeKCcTa

The Passive Voice:

= This chapter is primarily concerned with
underground mining. The application of rock
mechanics to open pits (slope stability) is not
pursued.

= In burst prone ground, top sills are advanced
simultaneously in a chevron ("v") pattern.

= The wvertical stress component is simply
calculated by elastic analysis for any particular
depth of proposed mining, while the horizontal
stress 1s not.




[[pamMmmaTn4yeckmne oCoO6eHHOCTHU
TEeKCcTa

MonaiapHBbIe | 71arosip:

= This reduction of strength and elastic
properties must be accounted for in carrying
out numerical modeling of a real mining
geometry.

= The situation is often further complicated by
the fact that the integrity of a typical
underground hard rock mine and the facility to
safely mine within it, may rely on a structural
(cemented) backfill which may not always
behave elastically.




[[pamMmmaTn4yeckmne oCoO6eHHOCTHU
TEeKCcTa

VMBdvHUTYB _ Mcnonb3yerca B DVHKIINU
[IOJUTEeXKAITIero:

It is important to distinguish between virgin
stress (existing before mining), the induced
stress (the stress change induced in the rock by
the action of mining), and the field stress or
total stress (the sum of the virgin and the
induced stress fields).

[t is not always possible to keep stresses low,
and in these cases support can be installed to
control fractured ground.




[[pamMmmaTn4yeckmne oCoO6eHHOCTHU
TEeKCcTa

bty B QYHKINMN 00CTOATeIECTBA
L1eJIVI :
= The application of empirical rules requires

rounding to obtain a standard length and
pattern for rock bolts.

= To help avoid rockbursts, headings and faces
should be advanced continuously and the
ventilation and air temperature should be kept
constant, even during shutdowns necessary for
holidays, etc.



[[pamMmmaTn4yeckmne oCoO6eHHOCTHU
TEeKCcTa

udvanTys B DVHKITNN
OITPEIIeTICH S

The situation is often further
complicated by the fact that the
integrity of a typical underground
hard rock mine and the facility fo
safely mine within it, may rely on a
structural (cemented) backfill which
may not always behave elastically.



[[pamMmmaTn4yeckmne oCoO6eHHOCTHU
TEeKCcTa

V[HdLZ)T/IHT/ITT/IB KdK YaCTb COCTABHOI'O MIMEHHOI'O

CRASYEMOIO.

The tools' role is to provide an essential device to
implement the total rock mechanics program
aimed at avoiding or mitigating problems with
ground stability.

That rock is elastic can be demonstrated by
bending a long length of drill core - it will bend
and (provided you don't break it) will spring
back to its original position.



[[pamMmmaTn4yeckmne oCoO6eHHOCTHU
TEeKCcTa

[epvunmm B OYHKITNN TOUIEXAIETrO:

w Determining the natural horizontal stress is
more difficult.

['epyunuyt B QyHKITMYM 00CTOATEIECTBA 00pasa
JHEVICTBVIA:

= That rock is elastic can be demonstrated by
bending a long length of drill core - it will bend
and (provided you don't break it) will spring
back to its original position.



[[pamMmmaTn4yeckmne oCoO6eHHOCTHU
TEeKCcTa

[ epyHinvi B QYHKITUY JIOTIO/IHEeHVI:

= This means controlling the extraction geometry
and sequence in such a way that stress levels
and failure zones in the surrounding rock are
kept below some threshold or potential for
failure.



[[pamMmmaTn4yeckmne oCoO6eHHOCTHU
TEeKCcTa

HQT/I‘IaCTT/Ie B TEKCTE B qzyHKgT/IT/I OILIPEJTCIICHTVIA.

= In hard rock mines employing backfill, any
subsidence that may occur is always vertical
and nothing will promote side sloughing of the
cave (even drill and blast).

I IpyyacTre B PYHKITNI OOCTOATEIBbCTBA:

= The reduced value should be used when
calculating pillar strength from formulae
relating it to compressive strength, pillar
height, and width.



[[pamMmmaTn4yeckmne oCoO6eHHOCTHU
TEeKCcTa

luBepcud :

m Because of this elastic behavior, we can
(as a first approximation) determine
the stresses and strains around a
mining excavation using the theory
of elasticity.

w In fractured rock, it should be at least
2:1.



[[pamMmmaTn4yeckmne oCoO6eHHOCTHU
TEeKCcTa

(CJI0XKHOIIOMYMHEHHbIe TPEJUIOKEHUS C

OLIPEIIEJINTEIbHBIMI IIPDVIIATOYHDBIMIA.

The friction bolt ("split-set") was invented
by a rock mechanic (Dr. James Scott) who
slit one side of a thin-shelled tube so that it
could be driven into a drilled hole of
slightly less diameter to obtain a "bond"
by friction and without the necessity of
resin or cement.



[[pamMmmaTn4yeckmne oCoO6eHHOCTHU
TEeKCcTa

(IJI0XKHOIIOMYMHEHHBIE ITPeJUIOKEHN C
[IPUIATOYHBIMI: BPeMEeHU:

When it is required to drive a lateral heading
to a completed shaft or crusher room, it is
preferable to start driving from the shaft
or room towards the advancing drift
rather than hole the drift directly into it.




[[pamMmmaTn4yeckmne oCoO6eHHOCTHU
TEeKCcTa

CII0XKHOIIOMYMHEHHBIE ITPeJUIOKEHNS C
IPUAATOYHBIMY VCTYITUTE ILHBIMU:

m Although it is unlikely that actual subsidence
will extend to this limit, there is a high
probability that tension cracking will
result in damage to underground
structures (such as a shaft) developed
within this zone.
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[lepeBOoa MMeH COOCTBEHHbIX

Hepesog TOIIOHIVIMOB:

North America - CeBepHan Amepuxa
South Africa - IOxHaa Agpuxka
Canadian Shield — Kanadcxun Lum

[ lepenaya Ha3BaHUV OTPOTPAMM, TOPTOBBIX
MapOK:
Microsoft Access® ,

Microsoft Excel® ,
AutoCAD®,
Swellex®.



[lepeBOoa MMeH COOCTBEHHbIX

Vlcrionb3oBatve TPAHCKPUIITIVAL

(=]
(=]
(=]
(=]
(=]

Clark — Kaapx,

Neumann - Hetiman,

Ken Matthews — Ken Mamuwioc
Dumfries — Ilamgppuc,
Sudbury - Cadbepu,



[lepeBOoa MMeH COOCTBEHHbIX

Osborn Fault - pazaom “Ocbopr”

Timoshenko's theory — meopus
Tumowenxo

Young's modulus — mooyav IOHea
Spalding formula — cpopmyaa
Cnasdunea



[lobaBneHue

This chapter is primarily concerned with
underground mining.

B pmaHHOM pasfgesle B OCHOBHOM IIpe/icTaBjIeHa
mHpopMalMss  TI0  TIO[3eMHOV  pa3paboTke
MeCTopoXKOeHUL.

Based on the traditional (fragmented) concept, the
role of rock mechanics may be categorized as
follows.

OcCHOBBIBasICh Ha TPagUIIMIOHHO
(bparMeHTHpPOBaHHOV) KOHULEMNIINM, Ha3Ha4YeHUe
MEXaHMKM  TOPHBIX  HOPOd  MOXET  OBbITh
TIIopa3esieHo CJIeyIOIIM 00pa3oMm.



KoHKkpeTusauus

= Holes drilled for bolts should be Y4 inch larger in
diameter than the bolt.

OTBepcTus, HpoOypuBaeMble I aHkepol, TOIKHBI
OBITH Ha Y4 qrOVIMa IIMpe amnaMeTpa OoJITa.

= For purposes of pillar design in hard rock, the
uniaxial compressive strength obtained from core
samples should be reduced by 20-25% to obtain a
true value underground.

711 mpoeKkTnpoBaHMs LEJIMKOB B CKaJIbBHOM
IIOpoe OJHOOCHOe HAnpsKeHue OT KepHa HOJDKHO
OblTh cHWKeHO Ha 20-25% [yId 1IOJIy4eHUA
dakTrueckoro  3HaueHMs ~ HaOpsDKeHWsS 10T
3eMJIEN.



CuHTakcunyeckoe ynogobneHue

= For purposes of analysis, the vertical and horizontal
components are considered separately.

5] UesAX aHA1U30 6€pmuKﬂ/1bel€ U cOpU30HmMaAAbHbLE
KOMNOHEHTMbL paccmampu@momc;z 0moeAbHO.

w The average horizontal stress in the Shield can be
determined as a function of depth by two
straight-line relationships with a break at 900m.

Cpednee eopusonmaivHoe Hanpsaxerue 6 Llume
Moxem 0vims onpedeseHo kak QYHKUUA eAyouHbl
06yx aunetHbix 3a6ucumocmeit ¢ epanuyen npu 900
M.



UrneHeHUe npeanoxXeHmn

m Controlled ("smooth wail") blasting techniques are
used to minimize overbreak and crack propagation,
however, their introduction to highly stressed
ground may have another, negative effect (ring
stress concentration).

m Memodvr xoHmposupyemuix  B3pviBHbIX  pabom
«2aa0xk020  63pviBanud»  UCNOAB3YIOMCA 044
MUHUMU3AYUY pacnpocmpanenus mpewsur. Tem He
MeHee, Ux npumeHeHue 6 CUALHO HANPAKEHHOU
nopode Moxkem umems He2amubHvle 1nocae0cmbus
(KoHYeHmpayuio koavyeb020 HANPAXKEHU).



O6beagunHeHue

w The pressure at a point in a liquid or gas is always
equal or uniform in each direction (i.e. it 1is
hydrostatic). But the stress will in general vary,
depending on the direction.

w [aBaenue 8 awboti mouke xuokocmu uAu 2asa
Bcec0n  pabHo  uAu  NOCMOAHHO 6  A1000M
HanpabieHuu (m.e. OHO Abasemcs
2UOpOCmAamu4eckum), Ho HANpsAXeHue npu 3mom
Mmerisiemces 6 3a6ucumocmu om HAnNpabAeHus.



3amMeHa ymcna

= In the hard rocks of the Shield, the
azimuth of the principal stress typically

trends between East and NNE.

= B CckanpHOM nopode Illuta azumyTt
OCHOBHOTO HaNpsIKCHUS OOBIYHO
HaIIpaBJICH Ha BocTok —
CeBepo/CeBepo-BocToK.




3aMeHa 4YacTu peun

= Screen and strapping also provide
minimal resistance; their role 1s fo
control loose.

0 DKpaHbl W XKEJIE3HbIE  O0OpyYHn
O00CCIICUNBAIOT JIMIIb MHHHMMAJILHOE
COIIPOTUBJICHUE. x OCHOBHOU
(hyHKLIMEH ABIISIETCSA KOHMPOJIb
CBIIIYYECTH.



AHTOHMMUYECKUU nepeBoOL

m If it is increased to 3/8 inch, the pull out load
1s not affected but the stiffness of the
bolt/resin assembly is lowered by more than

80%.

m B cnyuae yeenuuenus omeepcmusi 0o 3/8
owima, Hazpy3Ka HA BblXx00€ OCTACTCS

NPEeKHEH, HO NPOYHOCMb OOIMa/aHKepa
crudxcaemcs oonee yem na 80%.
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[MepeBop TekcTa “Rock
Mechanics”

MEXbsI3bIKOBOW

TpaaUIIVIOHHBIV

I1eJIbHOTEeKCTHBIN

IIMICbMEHHBIN

TOYHBIV (IPaBVWIbHBIN)
MHPOPMaTUBHBIV (HayYHO-TEeXHUYECKII)
TIOJIHBIVI (CIUIOIIHOV)

IpaKTUYeCKUM

IIepBUYHBIN

CEMaHTVUKO-CTVIIVICTUYECKV aeKBaTHbBIV



