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available (maxhm .lcrn&h of st;Rndar8 rock bo l t s?  5-s 8 f e e t )  thus ' : 
alf.ovtng deeper penetration . into the nnderlgfng. f tm  rock,. On the 

other hand, the Incmsca of shear.. strength alone the fault  pZane ' .  

caused by tightpnlng rock bolts  would ba l a s t  an&the possible 'effect . 

of tying the whale unstable Bass, a t  least  Sn th'e crjttica3. t o e  area,,' . 
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Into a solid .bu3vark wonld be reduced 'by w X n g  steel which could 

by cement ,grouting ltacse steel-into the d r i l l  holes. 

. , c  

not  be tightened down., This probab3.y could be. $arttally. overcome . . .' 

The effective- I 
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I ness of a specif ic  nurnbmof ,bolts or other steel' Increases with a 

decrease in. the'slope o f  the fault plane f o r  8 giver unstable rock 
. , ,. 

. ,  
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c '.number of  b o l t s  or other stee3. on a . . _ '  * 

ts or-other pieces ., 

potential rock slides, 

st 'slope of the open pit . .  .. 



the 3*930-foot barn has slumped several. feet  downhill,  The upper cracks 

form a rough arc suggesting that  the s l i d e  is of the rotatXomal shear 

type such as form when s o i l s  fail, SimKLar arc-shaped cracks have 

more recently developed on the ground surface above the north p i t  

slope But AO major movements have $et  occurpred in thPs area. The 

headwall and noPth slope of the p i t  are t o  be cut back considerably 

I ~ A  the mar future SQ all OP the faEled materialw511 be remove&. 

1 

The rocks Zxlr.rpolved in the keadwaf.1 s l i d e  are highly 

altered, Ximy and nom4.imy sediments and volcanfcs of the Nfcola 

Group, A t  the mine, these rocks are cut by ntflPerous9 generally 

east-west striking, steeply Calp7ing fault8 arnd closely spaced, 

frregalarly oriented fractures. The crack at the top of the s l ide  
I 

has occurred along closely spaced frwtur@sr which no doubt largely 

a control the shdpe sf  the faasare surface throughout the s l i d e ,  The 

. 

slide fss bounded t o  the north an4 south by east-west striking; 

steeply dipping fault$, the north boundary 1pesal% containing con- 

siderable, graphite. Water probably played an importmt part in 

the formation of this slide, Faflure ~ccurmcl in February *en 

consfderabls wet snow cove~ed  the area and seepage was observed 

issuing from the graphitic north fault zone Just prior to failure. ' ;. 
, \  



I 

$ 

I 

.* 12 - 
developed fron that level downward, In o r d e ~  to calculate the 

0 safety factor against fat2ure of the 434egree slopes, sissumhg 
classic soil mechanics theory can be a p p l i e d ,  it;  would be necessary 

I to know the followjtng about the headwall slllde which would be used 
’ 

fop the casletPlat;ioas: 

the shear strengths af  the joint and fraul.t natorlals forming the 

zone of failure, and the gro-md water cond%tfons at the tine of 

the depth and shape of the zone of failure, I 
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faltlure. A l l  these Pae:%ors for t h i s  s l i d e  are tanknam. Rowever, 

if we assume that the shear strengths of the materials in the part 

of the p i t  t o  be excavated tma 43-degree sf.ope are stimihr t o  

that of t h e  s l i d e ,  a decrease in slope uf 2 degrees w f U .  O ~ V ~ O U S ~  

. 

t ‘  

increase the safety PactoP by very l i t t l e  asmming an equivalent ~ 

water table, 
, 
I,. 

81 relatively small increase hn the elevation o f  the 

water table over that of  February 5962 would probably cause faflure 

measur+es taken to l ead  water avay from the gemma1 p f t  area is 

probably very desirabb 

I Summary 
1 
I 
I 

I 

I (a) Costly and/or danger~us rock slides have occurred in several 
’ 

open p f t  mines in Bri t i sh  Columbia and no doubt others will 
occur fn the future. These failures have involved masses of 
rock varying; from small fragments to hundreds of thousanas: of 
cubic yards and have var%ed in speed Prom Snstantaneous to 
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8 (c) Nost of the s l i d e s  have occurred ia the heaUwa11s or highest 
slopes. 

(d) 
structural weakness such as faults and Jofnts. 

excavated in volcanic rocks are more sascegtibie t o  slides 
than those developed in limestone duet! t o  the grezitep abundance 
and Intensity of structural weaknesses in the former. 

Procedures thae have been used t o  'stabilieet sock slopes An 
BrftXssPI Columbfa mines are: 

t (i) 

? A l l  of the faltlu:res dhserved have occurred along' zones of 

. (e) In the open p i t  :Iron mines of  Vancouver Island slopes 

(f) 

Scaling 0P loose rock from p f t  faces; this I s  usually 
done by the loading shovel. 1 

over-all slapes showing instability. 
! , (11) Blasting of farga unstable masses that is,. flattening 
! 

* (ffi) Bock boXt$.rig and surface cementing, 
I (fv) Vre-shearing" prfor t o  main b:I.ast, 
1 I (v) Drainage o f  surqace water back o f  the slopes. 
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