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REPORT ON ROCK STABILITY, VUNDARING WEIR PUNP HOUSE.

INTRODUCTION

In accordance with a request made by the
Goldfields Water Supply Deparinment, an examination
was nmade of the rock faces adjacent Lo the new pump
house at Vundaring Weir. Two large joint planes are
exposed at the rear of this pump house below a rock
overhang and, with considerable waler emerging from
the joinbs and a dip towards the station, concern had
been expressed as to the long term stability of the
rock masse A vecent proposal to site a buseroad
down the aﬁanﬁan@d zig=zag railway line on the rock
face, and thus to introduce vibration from both widens
ing operations and traffic movement was the reason for
the present reassessment of rock stability. in view
of the capital value of the works direetly invelved
and the potential danger from possible roeck movement,
it is cobviocus that eoncern is proper for any threat to
the continued safety of the strueture.

After a preliminary examination, it was
obvious that two distinet stability problems would have
to be considerede Firstly the granite rock mass immed-
iztely above the pump house is in a position of potenitial
movenent down the two exposed joint faceg, and this
gituation would be aggravated by road consgirvetion and
operation immediately abhovae Becondly, the exposed
joint surfaces could be projected back to a large ex -
foliation surface about 220 yards uphill, which dips at
the same angle as the Joint surfaces. In other words
the mass of rock behind the pump house iz mervely the
lower remnant of an exfolialing sheet, which has been

eroded Trom the upper slopes of the wvalley, and the large
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lower section may aet as a unit in sliding.
Safety of Vajor Block

The overhanging face at the resr of the pump
gtation is 15 feet high, and the face abeve the old
railway line is & furthey 20 feet, nmost of the block
being 35 feet thick. {%See sketeh)e There are no
apparendt butdresses supporting the block between the
pump house and the sgireanm an@ thus the bloek iz un-
supported over a width at least equal to the width of
the pump haua@.: From head %o toe the block ig spproxe=
imately 240 feet in length, smd allowing Tor a 22%°
surface, the volume of the rock mass is 20,000 cuble
yards, the weight involved being approximately 38,600
LoNSe

ixanination of the two main parallel joint
surfaces about 2 feet apart shows that on top of the
lower joint plane there is a clay parting with slickens
gides inclined at E@Q to the strike of the joint planee
This indicates former movement in a direction parallel
with the small stream valleys, Above the thin parting
{an attrition produet) there are two or three inches of
broken granite, and another Jjoint openings The broken
granite is in a condition akin to a lightly cemented
sand, some of vwhich is constantly being removed by water
seeping along the joint surface. Hoss eovers the four
inches or so of the affected joint surfaces. In places
there is no sand or moss @a?ting, but & gap Indicates a
place where walter flow has econcentrated. The upper
Joint does not have a elay i&y@r, and the thickness of
crushed and weathered granite is only two inchese lLess
water emerges from this joind, but again there are two

areas where considerable flows emerge after prolonged rain,
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Water in the jointe naturally reduces the Pactor of
safety, and the accelerated weathering of the joint
zeng materials to sand and elay will lead to further
lowering of the safety factor. Exanination of the
rock mass indicates that the major portion of the
water rust be derived from the upper exfoliation
surface, and enters the joint system at about the
westerly point of the old zigezag vailway (see plan).
Diversion of this water will be necessary to preserve
the long ﬁermlstability of the roek mass, and the
simplest method would be to build an interceptor wall
across %hé foot of the upper rock mass, the water being
then led by pipe to discharge downhill in the dircction
of the sliream valley. In addition a properly desisne
ed drainage diteh {see sketch) should run along the
upper side of the road propoesed for the old vailway
tracks

It has been established that the vertieal angle
of vepose for vock masses resting on Joint surfaces with
saturated elay partings is 15%°,and 25° for sand snd
other naterials. It is thus appavent that as the Joint
surface here is at about 22%° with the parting mainly
sand, conditions are close to the equilibrium vpoint.
In addition to this small frictional restraint we have,
however, a2 coriain support Pfrom the materials at the
foot of the rock slope, for ﬂniy where the Joint surfaces
are exposed is there laek of ma%eﬁial at the toe. The
most effeetive method of increasing the faetor of safety
is the removal of waler from the Jeint planes, but we
could consider positive restraint by the use of bolts or
anchors. In view of the size of the bloek involved it

iz obvicus that an enormous number of prock %m$®$ would
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be needed to provide eff&étivm restraint iFf movement
were initisted by some outside agencys; {(ec.ge. earthe
quake). FHowever, a small additional restraint may
vrevent initisl movemenit, but once a bhloek of rook
hes started moving, restraint is mest difficult.

The longest effective bolte in use at present are
20 footers, which is less than the sverage thickness
of the bloek, so rock dowelling would appear o be
the only practieal method, i.e. holes are drilled
inte the rock hﬂrmal te the joint planes, and hesvy
steel dowels arve grouted in the holes,

@h@ final consideration ig to deterwine the
effect of placing and using = new read aeress the toe
oft the potential Plock glide. The factors will be
{1) vibrations from blasting to widen the railway
cutting, (2) vibrations from traffiec, {3) removal of
part of the toe of the bloeks These features will
all tend to reduce the Pactor of safety, bud none will
be as detrimental as the removal of water is benefieial.
In other words the major block will not he greatly
gffected by the proposed alterations if effective
neasures are ftaken for the prevention of entry of watere
Rock adiacent to Pump House

The safety of the mass of rock immediately
behind the pump house is determined to a large extent
by the positional relation of the major jeints. On the
disgranm the main Joints are shown, and geomelrical con-
siderations indicate that fracture or breakage down the
105° set is likely, and thus a block of 60 feet wide
% 20 feet high x 20 feet deep is involved, i.e. 42,000
eubie feet or 3,100 tons. In its present position it

shows no sign of movement but the cutiing of o road, with
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blasting end vibrations would probably be eritieal,
and movement of a rock slide or bloek glide type would
possibly be initiated. As the block is not large,and
gseveral surlfaces are exposed parallel to the jeint sur~
face, it would appear that the rock bolting would offer
gffective restraint,.

This would invelve the use of bolis from
5 feet to 30 feet leng {depending on the position asbove
the joint surfaces) placed at 3 Ffoot centres. With a
tension of 10,000 1bs. each, the number of bolls I would

have to bes
W x 10,000 + +E182000 = 5 400 ¢ 2,200
il.ee 443 bolls, once movement
had been Initisted. ﬁ@&%@&r, we are only interested in
raiging the factor of safety, and 5O bolis would offer
over 300 tons of prestraint,

{ne inch nominal diameler, hollow, mild steel
bolts loaded o 10,000 Ibs. are suggested, with a Williams
impaet setting anchor, and the bolis should be grouted
on taking uve Bolts of this type have been widely tested
and used in the Snowy Fountaines ftunnels, and are supplied
by GoE.le = Lysaght Piy.lid., Alexandria, W.S5.W. {an
illustrated article on their use iz in the Chemiecal
Engineering and Vining Review of April 16, 1960, page L9),

The layout of the holes Tor the bolits will depend
on the thickness of rock above the Joint plane znd the
inelinetion of the rock surface, Bolts are most effective
at right engles to the surface of potential movement, but
in this ecase a few inclined bolte will be effective ﬁn
pinning the whole roek mass together, There are &:f@#«l
refinenents of technigue now available such as the use @@N\
heavy grease between the holt head and bearing plate, but i

these nmay be considered at a later dates



6o

Roek bolting will permit the bullding of
the proposed road down the old vsilway line:; however,
sclentific shooting and drilling during the formaltion
widening will cut down the vibraltions, and thus the
risk of sliding. The use of milli-second delay fiving
will be the most effective item to ensure that vibrations
do not reinforee during blasting, and controel by an
experienced guarryman would be essential to prevent
excesgive flying rock and to determine the most effect-
ive hole loadings. |
REHMEDIAL MEASURES

- Some measures for the constraint of movement
have already been discussed, however the whole problem
could be aveided 1f the road were relocated clear of
the punp house reglion. This is possible by loecating

the voad down the inside slope of the hill from the

point of the zigezag to the end of the sealed road Prom

the pump house (see photographs)e The distance is

275 feet and the £all is 56 Peel f.e. 1 in 5 or 20% {11%).

A turning ares could be provided in the bottom area

but this will be alse necessary with the zig-zZag proposals.

It is suggested that strong consideration be given to

this proposal which would invelwe 1little excavation, the

only additional item being = crossing of the main pipe line.
In view of the desirability to ensure long-

term stability of the rock mass it is considered necessary

to initiate preventive measures apart from consideration

of the access road., Thus the channelling of water @ff

the upper rock surface and the bolting of the lower blooks

are both regarded as essential for fulture conservation.



(1) . . Yo conecern is felt for the immediate
st&%iiﬁﬁy of the roeck at the rear of the pump
station. Considering the engineering 1life of
the structure, however, it is considered that
water diversion and roeck pinning and belding will
be essentiale

(2) As far as the proposed access road is
concernsd, 2 new location is suggested. However,

if this 1s not acceptable, water diversion, rock

bolting and expertly conducted execavation during
widening, (naturally with the pump house protected)
should allow the use of the old zig-zag without

inereasing the present risk to the structure.
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