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' “etefavailable (maximum 1ength of standard rock bolts is.8 feet) thus

. allowing deeper penetration into the: underlying firm roek, - On the:'o fw

 ‘”?%§z_other hand, the incresse of shear strength along the f&U1t plane_;f=

':?eicaused by tightening rock bolts would bc lost and the. possible cffect
of tying the whole. unstable mass, at least tn the critical toe area, .

”,U into 2 solid bulwark would be reduced by using steel vhich could

ZEfﬂf'not be tightened down.v This probably could be partially overcone .

”:lo*hf‘by cement groutinv loo@e steel into the drill ‘holes, The effective-ﬂfff?

v7§}¥ness of a specific number of bolts or other steel increeﬁes vith 2.

"”Tﬁ.ff_decrease in the slope or the fau]t plane for a given nnstable rock

’°"f{fmass with a. safety factor equal to. unity as shown on Figure 1 (§§§

’5e{ff3o degree apd 45 degree 1ines) end conversely, decreases with an-

”‘:ﬁfieincrease in slope (see. 70 degree 1ire). Also, of course, the :

P

'”q?fy effectiveness of & Specific nnmber of bolts. or other steel ona: "

“’**;,gfgiven slope, decreases with increasing 'size of the unstable mass.

.The above analyses, although very much simplified,

:?:f;HVnevertheless suggest that a relatively few rock bolts or ‘other pieces

’3‘Lfffuof steel properly anchored can havo a marked effect on stabilizingifff;fet
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v.’-'potential rock slides. : -
1L&7ﬁ;;;;f6.f, Craigmont Mings Limited. Merritt

(Ref.. -Mi'lister Of Mineq, BsCsy Ann, Rept., 19603 PP- 26-)4-0 )
In February 1962 cracks were. observed deveIOping on the e

Eigground surface above the headwall or west slope of the open pit.

'fofe81nce then a mass of unstable waste rock, very ronghly estimated

ﬂZ'“CrQ;fieto be hOO 000 cubic yards 1n volnme, lying between these cracxs and %fﬁf
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~ the 3,930-foot berm has slumped several feet downhill. .The>upper cracks

form a rough‘arc'suggesting that the slide is of the rotational shear
type such as form when soils fail. Similar arc-Shaped cracks have

- moTe recently developed on the ground surface above the north pit

‘;,SIOpe but no‘major movements have yet occurred in this area. The

- headwall and north slope of the pit are to be cut back considerably
. in the near future so all of the failed material will be removed.
The rocks involved in the headwall slide are highly

";_altered, limy and non~limy sediments and volcanics of the Nicola

- Group. At the mine, these rocks are cut by DUMeTous, generally
 ’east-wést striking, steeply dipping faults'and closely spaced,
;-irregularly oriented fractures. Thg crack at the top of the slide
‘f;has QCCurréd along closely spaced f;acturés whigh-no doubt 1argely ‘ |
.FVébntrol the shape of the failure surface throughout the slide. “?ha‘x-‘
slide is bounded to the morth and south by east-west striking, |
‘steeply dipping faults, the north boundary fault containing con-
‘. sidérable graphite. Water probably played'an'importantnpa:t in
the formation of this slide. Failure occurredlin February when
- considerable wet snow covered the area and seepage ‘was observed = |
| : issuing from the graphitic north fault zone just prior to failure. ? '
| Prior to fallure, the headwall and north slope of the o

pit had been developed to an over-all slope of about 45 degrees,’jgﬁ";:f%f

6 degrees flatter than. originally planned. Following the slide,

"fﬂ;a relatively wide berm was left at the toe of the slumped mass at

': uthe 3 930-foot level and an ever-all slope of 53 degrees was
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}developed from that 1eve1 downward. In»order to calculate the
safety factor against failure of the 43-degree 510pes, assuming
'classic soil mechanies theory can. be applied, it would be necessary

to know the following about the headwall slide which would ‘be used

" for the calculations: the depth and shape of the zone of failure;‘ -
‘ vfthe shear strengths cf”the joint.aﬁd fault materials fofming the
zone pf'fa11nre, and the ground water conditions at the'timé of -
’ﬂ;: failure. A1l these factors for this slide are unknown. Howéﬁer,' L
ir we assume that the 5hear str@ngths of the materials in the part

: of the pit to be ‘excavated to a 43~degree slope are similar to

that of the slide, a decrease in slope of 2 degrees will obviously

 *”increase the safety factor by very little assuming aﬁ equivalent
':}water table. A relatively small increase in the elevation of the
' wéterftable’ove: that Of-Feb;uary 1962gwould,probab1y~cause_failure<.f
) of the W¥3-degree slopes;‘other things.baing equal and therefore any  g

measures taken to lead water away from the general pit‘aréa,is

probably very desirable.

E §ummarz

(a),’Costly and/or dangerous rock ‘slides have occurred in several E

- open pit mines in British Columbia and no doubt others will
" oceur in the future. These failures have involved masses of -
rock varying from small fragments to hundreds of thousands of
- cuble yards and have varied in speed from instantaneous to
slow slumping involving Iong periods of time,

(b) Stable, vertical pit slopes have been developed in competenx

, rocks having few structural weaknesses whereas slopes as flat
- as 45 degrees have failed in 1ncompetent rocks containing :
-+ pumerous. structnral weaknesses. 5 o _ ,




(e)
! , . slopes.
@
e ;:structural weakness such as faults and joints.

o “excavated in volcanic rocks are more susceptib

... than those developed in limestone due to the gresater abundance
S and 1ntensity of structural weaknesses in the former. :

()

Most of the SlidPS have occurred in the headwalls or highest
All of the failures observed have occurred along zones of J'

In the open pit iron mines of Vancouver Islandi slopes | o
e to slides

Procedures that have been used to stahilize rock slopes in
British Columbia mines are: : - .

(1) - Scaling of loose rock from pit faces, this 1s usually =
done by the loading shovel.

. (11)  Blasting of large unstable masqes% that 1s, flattening
' ' Jo - . A

over-all slopes -showing instabili

: ﬁy(iii) Rock bolting and surface cementing.

(iv) ‘“Pre-shearing®™ prior to main blast. A |
(v)T_Drgingge of surface water back of the slopes. . = . .

Department of Mines and Petrolaum Resources
. Victoria ‘B.C. G
October 1962. V~f“




