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ABSTRACT

A method developed by Hoek and Brown
(1950) has been used to predict the volume and
shape of wedge failures which could
theoretically occur from the proposed tunnel
roof in the vicinity of the northern portal.
$ix configuration have been determined, the

“largest having a volume of 1250 m”°.

The method should be applied more
extensively before and during tunnel
construction in order to recognise other

“potential failure masses along the tunnel
alignment.

 INTRODUCTION

The planning Division, Highways Department, requested advice
on the geological feasibility of by-passing the Devil's Elbow and
the tortuous road above it with two parallgl tunnels, 500 m long
~and 10 m high, passing through Wylie Ridge JFig. 1) |

A preliminary report, identifying the main geological
Ecatures has been issued by Conor and Selby (1980). One of its
‘recommendations was that further work should be directed towards
a study of the effect that the rock mass discbntinutiés will have
’on‘the tunelling operation, Additional work in the vicinity of
the northern portal has since been done on this aspect and is
contéined in this report.

| ROOF WEDGE FAILURES

A study of rock discontindties on the face of the Union
Quarry, which forms the northern portal area for the tunnel, was
cartied out during the earlier in&esﬁigation and is shown ih

Figure 2. This identified four main joint directlons which,

£



together with bedding, form the main rock mass‘discontinuties in
this area. Data from this analysis has been used to predict the
possible shape and maximum‘volume of wedge failures that might be
expected from the . tunnel rbof‘using a method developed by Hoek
and Brown (1980). The method uses the stereographic prbjection

techniQue to evaluate the Shape‘and volume of the potentially

unstable wedges in the tunnel roof. Fig 3 shows in diagrammatic
form types of failure that might be expected within a rock

mass.  Figs 4 to 10 present specific examples recognised in Union
Quarry, which are assessed using Hoek and Brown's method which is
described in Appendix I. A summary of the results is given in
the following table.

| ‘TABLE 1

MAXIMUM SIZE AND VOLUME OF POTENTIAL FAILURE WEDGES

Wedge‘ Base area Height Volume Failure ‘Figure
Tdentity sg. m m v Cu. m Type No.
J1/J32/34 59 15 285 Gravity 4
J1/33/34 73 28 678 Gravity 5
J1/92/33 27 8 72 slide 6
J1/J4/B90 110 34 1248 Gravity 7
J1/34/B60 110 11 301 Gravity 8

Jl/J4/B30 110 . 4 16l - Gravity 9



It should be‘noted that there are two modes of wedge

failure:

l. gravity falls, where the apex of the wedge‘is directly above
the base of the wedge énd where there 1is no frictioral
resistance to failure, apart from roughness of the boundary

‘discontiruities.

2. sliding failure, where the apex of the wedge is noE directly

above the base of the wedge; in this case failure can‘only
~occur by sliding on one of the‘joint surfaces or lines of
intersection.
| DISCUSSION

The wedge volume calculations are related to a tunnel model
whiech has a 13 m Wide flat roof. Plans supplied by the Highways
Department dindicate that the tunnel may be curved in cross
‘section and that maximum width would be‘halfwéy between obvert
‘and invert. This means that the maximum volume for any block
will be less than that indicated in Table 3 (See‘skétch on Figs,
7 to 9).

Actual failure will depend u?on frictional parametefs such
as roughneés of boundary disbonéinuities, joint dnfil, saturation
~and the steepness of the discontinuities. Smaller size wedges,
whose shapes are‘directly related to the wedge families, are just
~as likely to fail as are wedges that are a composite of the
families recognised; Since the calculations are designed to
| determine the maximum size of failure wedges they do indicate the
maximum support requifed at those particular paﬁts of the tunnel
which traverse the joint pattern described, i.e. the northern
portal. |
| ‘It should be noted that conditions elsewhere along the

tunnel will differ from the northern portal and will necessitate



different styles of support as indicated in the earlier report,
Therefore this type of study should be extended to all other ‘

parts of the tunnel if construction proceeds.

C. CONOR
Geologist
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APPENDIX A
TECHNIQUE FOR ANALYSING POTENTIAL

ROCK WEDGE FAILURES FROM HOEK AND BROWN (1980).
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for the ease under. zonsideration is [iiustrated in Figure 89,

af the wodie ta peeyr 18" Mbatothe plane or the line of inter-
section along which slidiny i Ya sccur should ke stecpce
thar the angle of friction 4. This condition 1s satisfind

if at least parv-of-the tierspct ton Frgure Falls within a
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28
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Te the trie ¢ig af the line of rnLvrfaatiun af those twn

pldncs.

thn the entice {nterseetioe Cigyrg Tavls outside the Frictise

giteley a5 shown: by the drawing in the rarging the yravita-
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the frictionsl resistance of the plane ar planks onshigh
slivlng would take place, Under these conditicns, thn
wedgc ¥s stabln against s 1|dxng )

la the sudowall of an. oxcavation in ;o:n:cd ruck faiture
of wétges can beeur in much the Same way as inithe racl

caxcept thar-Talls dre pot prsiible and all gidewall failures

fhvolve stiding onoa plany or aleng the fine of interscetion
of tws glongs. Tun muthugs Tor anabyslae sidewsit Failore
are presented below, G . .




"APPENDIX B

FAILURE WEDGE SIZE AND VOLUME CALCULATIONS



FAILURE WEDGE SIZE AND VOLUME CALCULATIONS

NORTHERN PORTAL, WHYLIR RIDGE TUNNEL
Volume of -wedge = 1/3 height (h) of wedge x area of base of wedge
sée Fig. 10. o |
1. - J1/32/34, see Fig. 4.
| Height (h) = 14.6 m

Area of base = 58.5 sg. m
14.6 x 58.5

i

Maximum Volume of Wedge

e - et

3

284.9 Cu m

2. J1/33/34, see Fig. 5.
- Height (h) = 27.89 m
Area of base = 72.93 s¢. M

Maximum Volume of Wedge = 27.89 x ??.93

3
= 678.01 Cum




Maximum Volume of Wedge

- Maximum Volume of Wedge

B2

J1/32/33, see Fig. 6
Height (h) - 8.14 m
Area of Base = 26.51 sq. m

Maximum Volume of wedge = 8.14 X 26.51

;
71.93 Cu m

J1/J4/B90 (Bedding vertical), see "ig. 7
Height (h) = 34.2 m
Area of Base = 109.5 8. m

34,2 % 109.5

3

1248.3 Cum

B

' J1/J4/B60 (Bedding dip 60° westerly), see Fig. 8

Height (h) = 10.7 m

~Area of Base = 109.5 sg. m

10.7 % 109.5

it

3

R 13

390,55 Cua m




B3

J1/34/B30 (Beddibng dips 30° westerly, see Fig. 9

Height (h) = 4.4 m
Area of Base =~109.5‘sq.'m

Maximum volume of wedge‘= 4.4 x 109.5

3
= 160.6 Cu m
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