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l!BSTRACT 

In any open pit, some slope instability can be expected, varying 
from bench sloughing to large-scale slope movement. Major slope dis­
placements are preceded by small, but measurable, displacements and by 
other indicators of instability, such as tension cracks, rock noise, 
and changes in groundwater levels. A comprehensive monitoring pro­
gram, capable of measuring and assimilating displacement related data, 
is essential for sound pit operati9n. 

The objectives of a pit slope monitoring program are 

l} to maintain safe operational procedures for the protection of 
personnel and equipment; 

2) to provide advance notice of instability so that mine plans can 
be modified t~ minimize the impact of slope displacement; and 

3) to provide geotechnical information for analyzing the slope 
failure mechanism, for designing appropriate remedial measures, and 
for conducting future re-design of the slope. 

Surface displacement measurement using conventional survey equip­
ment and extensOmeters has been the most widely used method, and it is 
still the most cost-effective. Tiltmcters and borehole inclinometers 
are also useful tools, and there are promising developments in micro­
seismic monitoring. A monitoring system should have redundancy in 
both type and number of measurements, and be capable of rapid and ef­
fective dissemination of displacement information to those affected. 

INTRODUCTION 

In any open pit, some slope instability can be expected, varying 
from bench sloughing to large-scale slope movement. Because of the 
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inherent variability of rock strength and geologic structure, the un­
certainties associated with sampling and measuring rock characteris­
tics, and the mathematical and geometric approximations of the stabil­
ity analysis, even a "safe 11 slope, designed to some customary safety 
factor, has a finite probability of instability. 

2 

Rather than attempting to design a permanently stable slope, the 
current trend in slope design is to estimate the probability of fail­
ure by quantifying the variability of the stability analysis input 
parameters and to utilize this probability of failure in a cost-bene­
£it analysis in order to determine economic optimum slope angles. 
Analyses of this type, which compare the cost of stripping to the cost 
of slope instability, indicate that the economic optimum slope angle 
may, ~n some cases, have probabilities of instability as high as 30 
percent .. 

Acknowledging that slope instability can occur leads to 
to a monitoring program to ensure safe working conditions. 
tives of any slope monitoring program are 

commitment 
The objec-

1) to maintain safe operational practices for the protection of 
personnel and equipment; 

2) to provide advance notice of instability, thus allowing for the 
modification of mine plans to minimize the impact of slope displace­
ment; and 

3) to provide geotechnical information useful for analyzing the 
slope failure mechanisms, for designing appropriate remedial measures, 
and for conducting re-design of the slope. 

SLOPE FAILURE 

Defin.ing slope failure is not as simple as it would first appear. 
From a theoretical standpoint, if the rock is considered to be an 
elastic material, any displacement beyond recoverable strain consti­
tutes failure. This, however, is not a satisfactory definition for a 
mine operator who often successfully mines a pit slope that has 
11 failed 11 from an elastic standpointe Displacement of several feet, 
which would be failure in a mechanical sense, may or may not cause 
difficulties for a mine operation, depending on the rate of movement, 
the type of mining operations, and the relationship of the moving ma­
terial to the mining operation. 

In a truck and shovel operation, which has considerable operational 
flexibility, a displacement rate of 1 to 2 cm/day may present no major 
problems because material is removed from the mining area at a faster 
rate and any offsets in the haulroads can be smoothed over by routine 
maintenance. The real hazard for this type of displacement is not the 
existing rate of displacement but the potential of a greatly acceler­
ated rate of movement. 

On the other hand, a few cm of displacement of track in a rail pit 
or in the foundation of a building adjacent to the pit would require 



.. ) .... 
··-, - .:- ,« '. 

extensive realignment and repair-.· Thus, it is useful to distinguish 
between theoretical and- operational "failure. 11 W"hen the rate o~ dis­
placement is .greater .than the rate at which the slide· material can be 
·econom_ically ·mined, o.r the moveme_nt produces · unacceptclbie damage tO a 
permanent facility, it> is an operational failure. 

' - . ' - ' 

Varnes (1) used a similar economic concept to distinguish between 
creep and landslides. He restricted the lower limit of the rate of 
movement of la.ndslide material '1 

·-·. t_o th_at aCtual or potential. rate Of 
·moverne_~t· which. provokes correCt.iori ·or_ maintena·nce. 11

• 

:Most techniques .used to· calculate slope stability are static; rig­
.id bfock·, limiting equilibrium an'alysis. If the driving fcirces exceed 
the re"sisting forces, the slope is considered unstable. 

efjr~~~}; ·-·./" .. 
,\~:. ;>• . Thes_e ·analyses .cannot be used to predict post-failure. deformation 

···· >· , .. ,· .... ':.··. ·,becaus.e 'the _dynamic· energy relationships of a moving block are not 
::.:':~J\i'::/'i· ::i:. '•',coi;i.sidered ·iri this type of analysis. Therefore, our knowledge of the 
, ;;'L::,.··':,;.,;<'bihavJp~.-oLunstableslopes is lijrgely .empirical. Broadbent and Ko 
.'.'!:~~;.~:';~;.~i,;,,,~f(~!,poi;'tql<>ted ·a .rheologic model which shows a good fit to observed 
•.;;"-:·.}l,:;i'.:•''"'0' :;::displapeinent_; particularly the cyclic d,isplacement shown in Figure 1: 

-Kt e -) + µ •• 
N o' 

and· 

/,'''-,~·~Jf5~~~~~:;:·;'.,:\j~f~\.';'~ '~~·;~ ·_ 
::' ·;:.•.::::::•;l~J;a~~'1ts' " ;f:f'i(l!u·1t,,;·.in'.cdel:ermining the s.alues o;J: K amj N from 

·-- .·'."·\·--.·::·:·~·~:·;~:~~~~1·t_~f;:f.ki'~~, "~i:'.\:t.:,~~J;~ ·t:·h~ ?n'tbc:i~f'~i; lirni ted ·to Prediction of movement 

C~('.0~~(if 11~~~il'i•f"' ><S~~iri~rlkf if!;'.'."' 'o •oOCOfo vo;oe• o< .K •oO 
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'furt_h'\'r ·COl\lplicated by i:hanges. in _the 
qgli~•:>•:i th disP,lacement. The _failure 

• ; a;:~fu)1e~~ing qf asp'eriti~s J:;an .re,-; .... 
jf;l:a.~i9i:;i :s~rJ'.a'ce .apprd~firi~i;es. a .. 

pei''idecre'ases' as' the toi{ hea:ves. and. 

. ~W~f,f;:._:.; ~~!·:,· ,. ·:· . ._··:~~.':.:.s ... :·<•- .. · .•-.····· · .. 
splacem"'rit·,can· also be)expl<>.+nedby ..•. 

.·~~ ' 

.,,. . 
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Displacement (from Broadbent & Ko, 1971). 

of slope displacement, no single mathematical. 
for predicting slope behavior. This does 

Safe wdrking conditions cannot be maintained 
~:I,.£>i;li:.m,"ven1e,,r1t .wil:{. occur without warning. Major dis-

l~~~i!~~ll~i!lti~~~l~~ffi,biiu;t::measur;ilile displacement and bther -cracks, x:ock noise-, and ·. 
Terzaghi · ( 4) " •• : if a land-

.. (>·lf?wit~ ~-- it··.wou.1d"be 'i:nO:t-e accu-
' detect the phenomena which 

example of the 
• ~se of simple 
· · · fail-
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Survey Network 

A survey netw_ork _consists of targets on the pit- -slOpe_ and instru­
ment .statio-ns._-frOrr:»'?'JhiC:h angles and distances to -the. targe_ts __ aie meas­
ured (Figure 2) •. · Either triangulation with a theodolite. o.r trilatera­
tibn with an EDM can he -used. 
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2) it provid?s a dtt.ai lt-d movement his tor~{ in terms of displacement 
direction.::.- and rates iii. unstable areas; and 

3) it defines the. extent of the failure areas. 

The observati.on_ -.- (in$tiument). stations should ·have stable bases be­
cause deviation's in survey ·d"ata can resUlt from the inability to re­
peatedly set up exoctly in the same position at the station.s. Stable 
bases are best established wi tl; concrete or metal montunents_. ~ iil­
strument base plate i~ affixe.a t.o t_he tbp of the' m_onument- _to serve as 
~n instrument.platform~ 

. . 

.-P_rirnary_ sUr_vey f;oi_'nts.; .. - uf.t·d to -tie -the observation stations· to tl"i"' 
,, . ·> mine' grid baseline, should be located ori stable ground,. beyond the in-

___ '·~::_:-~. _· fl.ue~ce of pit ~xca '\-'.'c.tion. ihese relatively permanent statior1s (solid 
.. ·,. -.~. m?~.llinerits) aie heeded to determine whether rncivement of the observation 
-,:~i;f:· ~·'.;:;:>: .. :.· · ·,',_st;:a:tio,n.S> has occu.rred as a result -of slope instab~lity._ 
'
·_/·\ .. -.~.·.i.· .. ~;·.-.'.··.r':-. ,.~ ;.· 

-- . ' - ': :~ .:;.-:\.~ .. _. --," -'. -'':' :_ -:. _-' _;~ . . . . . . 
:;· ':'. "•' : 'V>"~·~r~sm·t:argets .should he attach"!d to bench faces, if possible. A 
·~::::;:~.;-~: ,.- :-• :_:·:.'._:/~:--ro:q~~tiO_rr .. '.6· to._.·a_._ ft_.-~bo·Je -thr _bench toe is usrially preferred. Minor 
,.•;;.' "'!;;,,.:;·,;:ra:v'.,;i'i'iig rnay•dislodqe ·the prism. if it'is located near the crest. If 

· :~:.;~,1~.tf:-~-/1!:_~;: :~~-:i};ft .. ·~:;f~~.-::·7~:~~-i:9~-~ ~ i'~-· .n.~·ai _the. t.oe, it could be covered re la ti vely .quickly by 

.... i.~.~.·~·;.~.f~.1.r.t.{.~· ~.~i,ax·~;~~~: ;>::29k. d,<?.b:r;is. - In some areas, the prism reflectors will have to 
. .. . ,j!(iffiQ\!n.t:;eci.Ort,;is.turdy tripods at selected monitoring points. It is 

·.----. 

\!~.~xf;'!;.9';;~£.lci~·;newl}'·'.installed targets to stabilize for one week before 
e<ld'.·!1.9'~'.~,J'i:'gin.: . .-.Initially, the readings may be somewhat erratic, but 

'1'e'f;;\1i'.trend• should soon become apparent. 
~ ~ ' ;., . . ... " 

:~~(!~~~:~ .. ~·~. !~::: .• -_:· _. -- '- ·--· -
")l'stlllent oapabili ty is usually needed for each target on a 

·Si::\;1.'19;::,.,,. Jfif'J.c)J?e.-~~~c.<1\!~e •,it may be ne'cessary to adjust the prism for 
.. ,, c~_j:::;'.p'.tp,P~$'~?i:\i?i{S't'i:Ufu~ilt\(pll.gnment if significant slope displacement occurs 

·.);'.''i~f~~~{~lf !~~t~i~1Ji:~t~~,o~;~~1,~r~!~~~e~~~ ~~:n~~i:: ~~: ~~!~rate a 

-, . .:':}-~,-"::~:;~;-,.-'.'~~-~:~_;);'TheJ@OC\{i -' "·:5;~-- .if'""-Ui,,.,;iy;~.:m~a:s·ureme'rits ~-iS -a :E:unction of the precision. 

'';)"]~f'.(6t'l~t~~~i~ '"~- ~%~~~~1;~~~a'~·fe·~e~sut:d;'. as ·shown iri Figure 3. 

- v~ - - . ,.·. • 

fioil qf i;;Lope ins£i3hility 'is the develop-
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$s;'.s.!:€rriat~~mapping of these . cracks, the · 
~~il;.:ii~-:·~s~~:aplish~d .'<Figure 4 }. . The :ends. 
1~~~:J~~Ei:~t1{~t-.-:.$ti_: ... ·'-$@~Se:q.Uer;t ~i_.~i tS- new. 
lilifri\J ''lr'<ici:s >can· Bi> ic:'ie'nti fied .. · 

~~0i·~ti~i/:·;,.,~,.:h:~.~t;,'\L;~,~. : •...•••.. ••'.' •·,.,',·',.,.'' ; ''.,.,,.;·i::}•, 
·.: :-'-._: .. _: .~Cfln_::_::J='e":~U~·ea..:::tO ·. ~.rOil~cie.-'.·.triOn_1·t.o_rlng -.~n:· _.,, ~--:'' :-.'.< ·;_:---~~'.·~;~?~~'-;;;~\~}~>. 

'/,: ' 

-.:-



-; -

E 
E 

0.. 

25.0 

20.0 

·,_·15:0 
(..)_ 'J 
<[ . 

0:. 
::;) . 

LEGEND 

. 0-0 AnQular. observational 
· 's1-ond0rd :e~for 

Lengfh- _obs'ervotionOI 
standard errOf 

p 

. CTI. 

t, Trilot ".t 5 mm 
«. - -- - --- -

';10.0. 

------
Mi•od CTa • 2 Socc:'i • 2 mm 

____ T~cr.{_=~ ---·-

500 1000 1500 

DISTANCE /, (METERS) 

a·f P by Triangulation, Tri lateration, and 
V. Ashkenazi) • 7 

' . 

..;.: WIRE EXTENSOMETER 
-- _, '>1 . • 

FLAG 

:"BENl:H CREST 
.TOE 

7 

. - , ._. , 



i 

WEIGHT 

ANGLE IRON 
/PULLEY 

CALIBRATIONS 

WIRE 
FRONT VIEW 

<D 

ROCK 

·~~ / 
. .:...• '..·.,-,:_--_;;- --} «-.>.:_-~-:: ---/-,. 

~j-{• ',}:;:;:4t::;;_}•'· , w.ir~ .~xtensorneter. 
;,,,·,; '-:<~> -.·- , __ . 

. -·' SIDE 

·::--· ' - . ~:" •>/·:,->'. ~-·--~ - ' ,_. 

"<-'< ""' .,. F_Or-:~ba-CKtiP_:-:·t.o the survey system, an extensorneter should be posi­
•;:.. tioried. on···st:able· ground behind the last visible tension crack' and the 
.• ·.•··~ire·:i;libi{l~·~(ixtend cut to the unst~b le area (Figure 4) , For warning 
<«/--~~::<;:a·~~~c·~-~-~~~--~~~--:~~~:~:O_r·:··ifi.fOi-rn_~t_ion on deformation within the sliding mass, 

- - ~(W,i37~:_··eXt'_en_~~_(net8:Cs:_:--can_ also be placed at any strategic location. Any-
-_c;i}~_.:~().t-~i_f!9·'.'-'.:l_~\~th~:_/_are_a_· can make an immediate check on slope movement 
'by. ·in:spectitig' the .:instruments. 

-:-· -. ---~ -. -·- -:,',',·-.-~:_· -,'/:~~:~~::(:;-~ltt:;:~j~:~?~~;6i~t;:/;.~--~:;i~_-: -'" -: _ -~-," L. . -
··. '.• .. i\ )'lii:'e: exi:ensorr\e'fi>r·fcru:i .be set uo as a warning device by affixing 
•:·~- '·"-1./."/': .. · . .,f--'~-:;,,::.;';;'1(<_;,{'_~;_,.-y':"·~-;j;,\:<--,;l'j;~'..'~;-;:<•·- Y_.-,_,·. , " .- ._- -. · - . _ . 

. ·. ·;•;' ,,a',S)'lit;q)1;;!;( , .. ·. a.l;'."c:ri\i.•i;i)).d'lie;:tlj;e: ·.displacernent»·weight; significant· dis-
, .. ::::--~-'.-~);'~p~j:~{j~_itl~fit:f:- -~~!'~i."1:1'1~¥l{t}f~~-i]f;Cii\~;_'f~~·~Lighh-s~---o'r-·: Sirens- ·powered:- with" a 6-

- --·- _,._ -_''- _. • _,- _ • <' -..:, ·:·>-· -.-,.t".'- - ;_•_ -'; •·-- S--•:'- ,,_,_~ ·'.·: ... _:,_, -'"- · ; ·: •"•·~ - _ -- : - - - , ' ._. • 
·: ·.'volt:'ory':Ice ··,:;;wii:'ed. t:ci:the· swH:cii. will· warn .of sfope ·activity. 

_.·:------<:--.-~·.v-.•,,._--<:Y:.<--, -7Fi!l-" ·;xf--;:~:,:··:.·-------;-_' · -· __ ·-- --- ·. -
:;:_;~:~.----~J>-~,~-~~g~;g: «· 

7 

~Ee£~~.~-:-~?-°:~t~¢i- -~O-s_a_n, ex:t~nsome~er ~an- ~rovide_ 
., ... · ... ·a ;continuous... 9pe••rnovernent (Figure 6). It will provide 

;:•;'e'J<c~i1~h'ffflJ:,\:t'ii .· .. '~'7:5k'risit:ivity of the slope ·to blasting, 

8 

ii.~i .. i.;3i.:s'.·:·:.·.r•.······ .. ;•t .•. :.:0•.•.·.·.·.'.[.~ .•.•. ·s·.·······0····,····· .•.••..•• :.······'·'.'." .. '.' ~~l~f ii1i·:;:;~.:: ;;~~;.·:·.::.:;;:" .. . • •. .. gli£'··~i::€ci1eeded for such a length .~<but>•this 
deflends•:on&•t ,~j~~~f~i~~.{;cii;i·~h~ ~ii~.:> ;ll'.i?:~:Sa4t c()n,\I'()ljable.,. . . . . ·.· ......•. 

... ··;;::?;~itil~~!~':·=~~{t~· ·:is '~$i~i_;;~~~-;~~~~l~£~~tt.~~l~~~~~~1~~:!~~.~~·· ····· · ... : ..... ·.f>~;~'. 
,•.;"•:;\·i'.:br1·t:t::Leiiess~P.fAINVAR w • oµ,tweigh:'the benef:i, ts .of .. the •thermal· prop-; " >/ .;. ..•. '.•\:·.•'i.:'zci•. 

qf1:fl lt~11f~'~\i~~!lil~ililJ!~1~¥~~tf~41~~ 
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E·:x:tensometer with Continuous Recorder. · 

D0viccs 

is predominantly vertical, a tilt-
of a bar across the crack with a protractor and pen­
to measure displacement. A mercury switch on the 

'/;~~i~i~~~~~~~~f ]~c·~::rrt~o~.~-a warnir:g light.. conversely, til trneters can ~ angular displacement. 

to 'monito.r vertical displacement across 

~eterm,ine the subsurface 
to make: inferences from· 

;i,i:11.a1p,qr";, · thdugh !' where sµbsurface 
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Borehole Inclinometers 

A borehole inclinometer that measures the angular deflection of the 
. hole will give the deformation normal to the hole. 

Borehole Extensometers. 

Borehole extensometers will give the deformation parallel to the 
borehole. But, because they are. costly and difficult to use .in lo-. 
eating the hole to effectively meas.ur.e displacement, .borehole ex:ten-· 
·someters are usually special application de-vices .. 

_, 
Pie.:zometers 

The correlation between pore pressure and slope stability is well 
.established, both in theory and in practice. Measuring groundwater 
levels is an important part of monitoring, and simple standpipe pi­
ezometers ·ar~ usu-ally ·sufficient. _ There are situations, however 1 ' 

whei8 ·:1~--.Pe~eabili~y or confined aquifers require pneumatic- or elec-
- ... ' .;-_.,;;~-~.:-:~--~- -tr~·-c·,:a,cit,f:tC·e~·. · · • 

•>-, 

:--.,<:-:';-~'·)>:" ~~~-:> ---- - . . ;.~ 

f _ ;--~~:)h~;~~~.;}.!%<> .• '.6i{. ?li,;.;;"·, , 
:-., '"/ '" '"·· 

·--
2

:.<"" -_:~~~'[~ >:;\:-:~J;}~:,;·0~:_.i~]~i~~~~-e--~~~S-:·wi_~~·- microseismic recoraings have established that 
----::::;~j~_}:t;~-~t_e:;,J.$:/~·:·/~_o-#:r;-€_lat1-on _betwee.n rock noise and slope movement. The 

--;-- _'. ---";:">-<<- --- .-:: _____ • ____ ,,_ /•;- -_-; ,- - '- ·_ 
,. ~;;_\~;:·:~:~9--~_t.·:::~~-~;:-~_OIJil?lexi ty- ·-of -rock noise· moni taring, though, has made it non-

'<·--·)~ __ -;;\/<q}?:ffiJ,ie:~-~~-I~~-:\W-{ff;> d_i~~·ct disp1ac8~ent- measurements. However, the les­
i:'.tfo:e,?lf~§ic~sJ•O.f~l~ctronic. equipment and its increased reliability make 

· · •':'<l.t:ii":f;ptenj::l.al ·ed'e·ctiveness greater . 

....• ,:~~·.;~;:~;·;;:~i~~~tif f~f,~~n/~;~Ji.~~~.~;o:.'.,··~EL~~ILITY AND COST 
·:····',~-::i;-~~~'f::~~~1]~~fi5f~~a~~~;~~~~f3'R~,,::·9;~_Y~<:~_s:.-th'.3-t can be used for moni_to~ing, as 
:: ':.'Y3\v.(e;;c;i;~{~9::f;tlle7: ··li'.e;C::i;l'c:!'Qv;-;·a)j.~:·:s9phistJ...<::'ation .of the· devices, are a· func-' 
-,-.. ;_·,;-:-·-.--_,,-... >'·:· y_fit;;Zr;.1_"-'.~-'--1.;',>--'·-·.-·>-'.;-,-.-;~ .• - ----· -_·. - . - • --· 
·,: ;;;t,:.·on;.;;0,f:;.' · ·en)i · :r,·ct:.mef .. 'il!l'!•.b.udget ·.of the engineer in charge of 
','} mC,rii.t:9l:'i '"''':':f'{:l1e$e. factors is· infinite, hard choicoes 

.•.· ~~ lnilst''il)~: l?a'i~§ufdeU;,es for decision-making follow: 

f,·).~f~~~jJlJJ~ :{~~l~~~.~irs~. Surf~ce displacement is .the 
=$'::: .: . .::,: ::::vmost u .. ,,,,speC;t:,:of slope instabil.i ty. 
--- -1~:_:·_. -; '. '-' 1 -~~I'c:~~§~fj:-f;:~:--::: ;.-~.:.:t.~·.:: .• ';.:'1:-7.fr'.' ... ~-;:.~:::~.~: ·" ·. -' "-\_. ;:. -.'· . . . . . . . . . 
:,·~-.,.":;' >: ;_- -~.--',·.:·~··.0 .. • .• ? .. '.J.::.z .. ·;·:·~ ... ~·.:.:.r;~-~.·>.' ... ~:_ .. • .• '· ··•· _._ . ·- . . . . . ~ _ _ . _ '::;::.·.:.· • • . , e:~:reliapillty. of ,,. :series :system. is· the 
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· ·· pr()c;!uc:t;. 'i.fy'"~f'i;i).1' :ind:(vidual c:omponepts, . · ;;· c;omplex '· , 

·; ;tf~}~W~"~:: .. ·· 'rh ·;~~~{~~:~!~t~h~i-l;!i:i~e~:;r:!~~~~l~~ Z:ie~ ~~:~~,f · ,... .·· 
_.~;,:.<-"--· · -t:~~:.~:;ao~:f~~:ts:~,-~tft~~ ~-~--tap~·2~~~sµre:~·: -: .. .. ·~,·: .. . <:,.~·-:.,:; .. :·:-.:·-.-· ·. ·--..) ~:-:· ·:~._··.> .. __ ,,,_. -~'\:~;::{,::~·: 

. ..... . .. ,.f llf ili~il~til1il~~~~~~~~lit,11;ii~~ili1~;,;t&0~f f i 
. . :· •;·,!· ie'SS.a?=Yo:f or)•1Jlcin+ to ring \slope' ':,moverilet) t ;J:ha t 'J::ia.s ,· .• '!.:Ye! oc l. ;ty~•.9.:f .';~.:::CIJ1"pep>,:;·,,, ·,:c:-: 'x• i.''.;'1c~:'A.i,:.;.; " 
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day. 

· 4) Redundancy is required. No single device or technique tel.ls 
. the complete story .. · A .single extensometer or survey ·point c.a.nnot in­
dicate the _area _invblved ·-in :tf:ie instability, and, -if it is' _destroyed·,_ 
the continuity of the recor.d is lo.st. 

5) Timely reporting is essential. The data collect.ion and analy­
sis must be rapid enough to provide information in time to make deci­
sions.· Redt.icing last week 1 s ~ur_vey· ·aCit·a _and -teili:ng .the _n,ll.ne ;sU:peFln­
tendent that the slope was moving .T}:'lursday _when a shovel· was· buried 

·sunday does not leqd to pay raises • . ... _ ' ~ . '- - '• . ' 

MONITORING SCHEDULE 

A definite monitoring schedule should be established. 
'in the monitoring points is left up to the mine surveyor 
;Jets the _.-time / chances_ are nothing will be done·. 

If shooting 
to.do when he 

The irequenc.y of monitoring ls· a function of the precision of the 
·.'system; the rate of movement, and how critical the area is. Table 1 
.\shows··.~ ·~ucjg_ested schedule.· If there is a heavy rain or a large blast 

m_easuremen.ts should be made. 

1. Suggested Monitoring Schedule 

Vi•ut1l 
Surve;rl Cm/Day Ins~ction Extension Crack Hao Pio:ometera 

0 Dallyl Monthly Honthly Monthly 

.<1.5. Oaily 1 Daily2 weekly Monthly weakly 

1~5 - 5.0 !!111c:h Shift! !!111c:h Shift2 Daily Meekly Daily 

5.0 .. 10.0 2 x Shift 2 x Shi!t oaily oaily Daily 

Monthly Quarterly Monthly, 

Month~y Honth.ly HOnthiy 

,: weekly Keeklf' . we~"'.lY 

_oaily · , X Mf!ek 011iiy 

t>•i.ly . 2 Jll .Oay' · 'baily 

11 
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ti.,' 

and 
6) rates of horizontal, vertical, and resultant (total) displace­

ments. 

Both incremental .and cumulative displacement values should be de­
termined. Calculating the cumulative displacement from initial values 
rather than from summing iricremental, displacements'minimizes the ef­
fects of occasional survey aberrations. 

. Slope displacements are best ·understood and analyzed when ·the moni­
,tOri'ng data are graphically ~isplaYe¢i.. For engineering' PurPos~,s, ·'the 
m!)St useful plcits ?-re 
• 

1). ·horizontal position (Figure 7); 
2) vertical position (elevation vs. c;hange in horizontal position, 

.:Plotted on a section oriented in the mean direction of horizontal dis-
Figure 8); 

· 3)" displacement vectors (Figure 9); 
4) . .cuffiulative total displacement vs. time; 

~ncremental total displacement rate (velocity, usually in ft/ 
and 

pl6ts' of total displacement vectors. 

. ·. 

,·, ·' 
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5568.0 

5567.5 

5567.0 

G:i . 5566. 5 
iii 214~4/70 

5566.0 

5565. 5 

;~: :·· 
">'>~J ,J--<-,:~ -> -··-.. ~ .. -· . .':':>•J:.-.~-: 

. __ ;,,:_._;_{; __ • __ -:_._:':_·.:.•_:.·_ .• -:.:~_;i~_:_:·,,,,,,::-, - -- ~- . ,' ·r;1.·'.'.<t"~\; ___ :,~:::.\:-) .;.··- . 0.0 0.5 1.0 .• 1.5 2.0 2.5 a.o 
HORIZONTAL DISPLACEMENT (FEET) •lt'.~)f~J.\:~; . ~{i~~~2t;· .. : ' . .• . 

·\"•{g~fg~·i ~~:ffs~:;~i~;f>:'@P~;e Of Vertical Position Plot for One Monitoring Point. 

-~J~R}~~·;.: ... ; .... : :·.· .•.... _., · .... 
·>. •· ·• ·\ii;?i'~:.'·•'AI:t;:g:i:aPl'is should .be kept up-to-date and should be· easily reproduc­

• , ·c:i3iJ:i1~·~(f'or.~"ase of distribution). By studying several graphs simulta-
·:.-.-~;,, of a particular slope can be deter-

----:·:: 
·'«•::::·i·'.' .. - -

<>f:\ 

· · .• .. :·· ·• · is usually constructed .on log paper 

- ~:·.. C!:. 9-r~·ater 
re- : . 

:c;-.:;••:;q\ii,r.-eP.:c•:f.6r:::2ii\a.J;'itml>:as\ir,ement.s'-c:--Also, ·th:rs type· of· .graph ·is compatible 
.· ;-·-_.;-. ·.• • •:.,·"-i,"'-:.-·"-·-h·-•·•.,-,\"-. --~f/<•f'•~:._~'!,vr:·;:,;,,;\'t-<1">:·><'<• ./," .•':•'{;,··-· "-"' -.• : -::-· ' . ... - - · - - . · 

• ·· >'· ::/. ~:.j.~~~•+'.'.)'r~rr' . • Orll. tqJ::in · )•t:B.9J:i:l:.~ques: and anal7ses of slope faill)re. kine-

<;:.:;•;,, :J ·'.M/i~1!J.fl'tics•0 ~f~1.~,~~j;_· .. • .... · ... 
d:<al:so be· recorded :rn order to evaluate 

~ll~:·Jiis~la"e~erit •. _A .gage locate.a ··at. the·. 
:G-~~~,::::b'C«:'.:t,X:r;t-_e:iiqes .,ano: .. -;-_~qUi1tS-__ 9-i <p-~~_cipi ta~. 

]f-?-A-;-<;-,"t,'~--.-o/,'-;,,.--.,,·.·. -.--._ - ·.--'• . - '-: -··--: ·< - - , _, .. _, 
s -e en£~lofr'the. average •.daily' temperattli:"es. will" 
iC'Sdf>?}'.(~f/1-;>r:'/,;;;~,-_;-:: ,. -~./:," · · _ -._ ·,:~ -·' - • ' - -' ;- 0

• : - --_'' • •• 

~~-~~l'.e~~:e:ana,·Ji,aw.periods., ;:. 

;~:_:, •; -~1-
- - •_';<;,;-. .' 
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10 20 30 

.TIME ·(days> 

t>:_ (,;-:'.-·:-';·~--"'. ·--~. --·, - -:·_ .. -.• '._:·:-_ -· --
·.- .,?·.· ~Fig,o. ~10• .•:•.Extensometer ·Displacement. 
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''·, ' ~ ' 
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·.· ,::':(;r::'x,d!t>~ c,>-•}«·Y;t: •:;-«>> '-:•'z.;~->-~-- •.. ", ·. ; · , . · __ 
' • ; .. :.~v:·l'.lontbly ·,Slope·. Stability .Report· 
. ---:"- ::;::t~:ii;;~Ej';·:~_::-~.:~--~--:~'-'.~~~~::---t«;_-: ;'~: .·;:-~ :: -:;_ - _- _ , . 

:~·~:·•:;:;>-:t(>fe~'ill.1nonthly· slope stability report should be prepared, con­
·,••:.:.j::a'i.rii'hg;·~tfi<i''data '1.lsted in Table 2. This ensures that mine management 
,\; /rec'~.;,.v . .>~f:~hii;~~~f5'Rriate information and provides the discipline to 

: a''i,.¢!<l)?Ull1e!ft;'sloj;ie''.lcbE!navior. ,·.Direct, informal .communication should also 
' ,;,:',be 'ina'i:nt~lnedf~.ith""~i't ope}ations' 9n a daily basis in the case of 

'·'' 
'O 



TABLE 2. Monitoring Data Presentation 

Gr a ohs 

Cumulative Displacement vs. Time 

Velocity vs. Time (cm/day, Log Plot) 

Precipitation vs. Time 

Water Levels vs. Time 

Mining vs. Time 

Maos & Sections 

Pit Map with Location of Unstable Areas (Figure 11) 

Location of Monitoring Points with Displacement 
Vectors 

Tension Crack Map 

Horizontal Plot of Location with Time 

Vertical Plot of Location with Time 

Inclinometer Displacement 

Map of Piezometric Surface 

Cross-Section of Unstable Area 

Fig. 11. Slope Instability Location Map. 

{:QI NEW AREA 

[SJ OLD AREA ACTIVE 

Q OLD AREA INACTIVE 

DATE• JUNE I, 1980 
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Fig. 12 (cont.). Stereographic Plot of Displacement Directions. 

external disturbance is removed; and a progressive stage, where the 
failure will progress to the point of total collapse unless active 
control measures are taken (3). The displacement record appears to be 
of an exponential form such that the velocity plots as straight line 
segments on seismology graph paper with a change in slope at the onset 
of the progressive stage (Figure 13). 

Assu,~ing T ~ 0 at the onset of the progressive stage, the equation 
for the progressive stage would be 

where 

v = velocity; 
s slope of _line; 
t = time; and 

Vo = velocity at T (onset of progressive stage) . 

They postulatcn that thr vcJncity of the collapse point could be 

18 
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Fig. 13. Extensometer Displacement - Regressive and Progressive 
Stages 

estimated by 

V = K 2V • col o' 

where K is an empirical constant. From the slope failures they ob­
tained K values ranging from 4.6 to 10.4, with a mean of 7.21. 

1 
I 
~ 

l 

As can be seen in Figure 13, there may not be an abrupt collapse 
point but a contained acceleration. The projections of velocity are 
still useful estimators of future displacement rates, particularly if 
new projeCtions are made as new data points are obtained. 

Consideratioii must be given to the geometry of the failure. For .an 
unstable area to continue to accelerate, there must be freedom to dis­
pla7e (a failing slope will stop if it hits the appropriate side of 
the pit). Thus, the predictors of slope behavior must be made on the 
basis of geometry and the potential changes in the forces acting on 
the unstable mass, as well as the velocity record. 
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