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ABSTRACT 

A method developed by Hoek and Brown 
(1980) 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. 
Six 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 parallel tunnels, 500 m long 

and 10 m high/ passing through Wylie Ridge ,7ig. 1). 

A preliminary report, identifying the main geological 

features 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 discontinuities will have 

on the tunelling operation. Additional work in the vicinity of 

the northern portal has since been done on this aspect and is 

contained in this report. 

ROOF WEDGE FAILURES 

A study of rock discontinuties on the face of the Union 

Quarry, which forms the northern portal area for the tunnel, was 

carried out during the earlier investigation and is shown in 

Figure 2. This identified four main joint directions which, 
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together with bedding, form the main rock mass discontinuities 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 roof using a method developed by Hoek 

and Brown (1980). The method uses the stereographic projection 

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 
Tden ti ty 

Bass area 
sq. m 

Height 
m 

Volume 
Cu, m 

Failure 
Type 

Figure 
No * 

J1/J2/J4 59 15 28 5 Gravity 4 
J1/J3/J4 73 28 678 Gravity 5 
J1/J2/J3 27 8 72 Slide 6 
J1/J4/B90 110 34 12-48 Gravity 7 
J1/J4/B60 110 11 391 Gravity 8 
J1/J4/B30 110 4 161 Gravity 9 
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It should be noted that there are two modes of wedge 
failure: : 

1- gravity falls, where the apex of the wedge is directly above 

the base of the wedge and where there is no frictioral 

resistance to failure, apart from roughness of the boundary 

discontiruities. 

2* sliding failure, where the apex of the wedge is not 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 

which has a 13 m wide flat roof. Plans supplied by the Highways 

Department indicate that the tunnel may be curved in cross 

section and that maximum width would be halfway between obvert 

and invert. This means that the maximum volume for any block 

will be less than that indicated in Table 3 (see sketch on Figs, 

7 to 9 ) . 

Actual failure will depend upon frictional parameters such 
f 

as roughness of boundary discontinuities, 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 required at those particular parts 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 
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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. 
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!"{• uirlui*<! Hy control lei fu!,' it — Can be analysed by near,'. c f the vtereographu. projection Ieihriique - ile«r Ibed' in chattel it thi s book. : A simple* i!X«ifii|i1e ;of the appl :cat ion of this it.e'thn<)'i i 1 liustr;ued in the mrqin skdtch which shows a , Woi-ie ctf rock foiling-frcin the: roof of ari ejvcavfl t ioh in • jointed lock, . A vertical line "drawn throypn the epex of the • v/cJijc must fall within the fi.i'>e of the wedge for failure to u-x-ir wi thout sliding on at tenst one nf the joint p.lanes.' 
In tht! stercographic o!ot, tho vertical line through the <ipex 
.if -.he wedge Is. represented by the centre point of the net 
.ind the conditions stated above are satisfied if. the great 
circles representing the joint planes form a closed figure 
whicli .•!<•'."• ii)i.'ij = Hie centre of the net. , • 
This very simple kinematic chuck is useful for evaluating .the 
potential for roof falls during preliminary studies of 
structural geology data which has been collected for the 
design of .an underground excavation, the stenographic 
method can also he used for a much more detailed evaluation 
of the; shape and volume of potentially unstable wedges »* 
iIlustratad in figure 88i 
Three planes are represented by their great circles, marked rt, 3 and ' In figure 88. The strike' lines of those' planes ire marked i, b and t and the truces of the vertical planes through the centre of the nut and the great circle inu-r-settions are, "arked ;h, an and b". Suppose that a, square iunnel v,i tiv a span of S runs in a direction from 290" tec 1 i0" >s& shown In the lower pari of figure 88, The 'direction* of the strike Sines correspond to the traces of theplanes vt, r 'and ." on the horizontal roof of the tunnel , These '•striko l ines efltl ha combined •to i'i»e the maximum size of the triangular figure which can be -.accommodated within the- turne! io .i span, <is shown in figure 88., 
in the plan view, the n,»-> of. the wedge Is defined by .find-
ing the. intersect ion point of the lines ah', an and £•-' , 
projected from the corners of the triangular wedge base a', 
•ih'iwn. The height Vcf the' apex of the wedge above the 
iAruontal tunnel r«uf is found by taking a section ihromih 
tne vwdfte apex tm4 nonttal to (he fuwiel axis, This section, 'isjrk«d T( In figure'£8, -intersects the traces a. 'and' e at 
the points shown and these points define the base of the 
n [angle a<, j,etjn. In view XX, The apparent dips of- the 
plane") C.ahii Aare given by the angles a and v, which are 
riif;-sure-i oit the stareuĝ phlc projection along the line XX , 
thr ough', the-centre of the net. 
The volume uf the wed-je''. Ii given 'by }/3.h x the base area of the' wedge .as determined »rom the plan view In figure SB. 
If three joints intersect to form a wedge in the roof of an 
undertround excavation but the vertical Una through the 
,tpex of .-the wedge: does, not full within the base of the wedge, 
failure can only occur by sliding on one. of the joint stir- ; 
faefs or along ore of lite i i'.es of intersection. Thla con-
,!i ti uH .1 %, represented s tbrco'grap>5 cal-l.*.-J (. the intersectio« : 
figure formed by the three s'wai circler. falls to one sirio ••/•• 
of' the;«mtrtrof fhentras; i f'dstratefl: ih'tht lbw6*'. 
drawing; •-• '.','. '-'"- , 
An esmiition wh-i.;»vmust fa satisfied for-sl iding 



•̂ ipprê tary.Mftstaet id* vm conjunct lor. w! U< a sit-ŵarsphl-e- projection for - rh«j .yet'BmWiiat'fbH :" nf s'lape orni ̂turna qf: a sii-.jetural iy dof ined wCtfi'jC ill |I)<J r'jijf of (i taw I 



of the wedge • ta ocegr !•> -it. the Mar.c «r the line i-f i-ntier-: sect ion alofg which sliding .Is r« .occur Should be st'.-eper than the angle of friction _ This condition Is s a 11 f > »a«i If at least part of the intersection figure fall* within a circle defined by counting off the number of degree divisions corresponding to the angle of friction from the outer cir-cumference of the net. 
The construction of thutrjo plan view of the wedge follows , the same principle?1as used in figure 88 and the? construetIon for the ease under consideration is Illustrated in figure S3. In this example, the strike length of the trace i' of plane C1 is defined by the dimens ion L. 
In determining,the height h of the. wedge, the view xx has to be taken .it'fight angles to the line si'which passes ' through the centre of the nel and the I nt erv si ion of the great circles represent Imj (ilfnes A And B. The angle %, Is the true dip of the line of intersection of those twf planes. 
When the entire intersect lor f iq-jftt falls uutsidethe frictio .circle; as shown., by the drsw.irvj In t'>e rargIn, the gravita-tional we I ght of the wedge i s hot high enough to overcome the frictions! resistance vf the plane or planes on.̂ hi&h s I Itlfng wijyld take place, Under these condi t Ions, the wedge i-a stable against sliding. 
in the sldewall of an excavation In jointed ruck, fai lure of wedges can occur in much the same my as In the roof except that falls are not possible and all sidew;,ll failures Involve sliding en a plane or aleno the I ine of interst-cMrm of two planes,1 Two methotj'i far Onaly'Jn-:-' Sldewair Fai lure are presented below, ! 
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FAILURE WEDGE SIZE AMD VOLUME CALCULATIONS 

NORTHERN PORTAL:, WHYLIB RIDGE TUNNEL 

Volume of wedge = 1/3 height (h) of wedge x area of base of wedge 

see Fig. 10. 

1. J1/J2/J4, see Fig. 4. 

Height (h) = 14.6 m 

Area of base - 58.5 sq. m 

Maximum Volume of Wedge = 14.6 X 58.5 

3 
= 284.9 Cu m 

2. J1/J3/J4, see Fig. 5. 

Height (h) = 27.89 m 

Area of base = 72.93 sq. m 

Maximum Volume of Wedge = 27.89 x 27.93 

3 

= 678.01 Cu m 
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3. J1/J2/J3, see Pig. 6 

Height (h) - 8.14 m 

Area of Base = 26.51 sq. m 

Maximum Volume of wedge = 8,14 x 26.51 

3 

71.93 Cu m 

4. J1/J4/B90 (Bedding vertical), see 'Hg. 7 

Height (h) = 34.2m 

Area of Base = 109.5 sq. m 

Maximum Volume of Wedge ••= 34,2 x 109.5 

3 

1248.3 Cu m 

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

Height (h) = 10.7 m 

Area of Base « 109.5 sq. m 

Maximum Volume of Wedge - 10.7 x 109.5 

3 

« 390.55 Cu m 
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J1/J4/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 



1 

PLAN NUMBER 

2 9 I 
ipiiMmiJf 

•fi! 

-i •1 i," 
t •)fi • -u # 

Hi t i 

« ; 
t i 
i p 

i f 1 

iii 1 I 



PROPOSED TUNNFL 
ALIGNMENT 

BEDDING' -

DISCONTINUITIES 
j Average Dip j Dip Direction 
Jfna. o( readings) \ (Magnetic) 

: Bedding j 30" 

Joints Jlf 6Z°t\0) 

r 7 0 H 5 ) 

I J3 J 6016) 
I J4 | 00°i5) 

2CT 
3 <10° 
210° 
IOC 

A . * 
. Trend and Plunge of 

wedge failure di rect ion 

F ig 3 

; O : DEPARTMENT OF MINES AND ENEn(5Y 
SOUTH AUSTRALIA .. " j c c a N o V ' p F ^ ^ ; ^ 

WYLIE RIDGE T U N N E L - G L E N OSMOND ; «T \ " . 
ROCK D I S C O N T I N U I T Y S T E R E O G R A M , ; s , 4 8 9 | 



/ 

Condition for sidewoll 
foilure. Example 
showing bedding and 
joint controlled block, 

'./'J' • J s " ' ^ / 

/ . : ir:: ¥ \ J ' / r 

/.'.'.'/.W'.L Tunnel 13m.. J // , 
/ / / / .'"Stratum 

(C) 

Fig. 3 

m - y f ^ 

DEPARTMENT OF MINES A N D ENERGY 
SOUTH AUSTRALIA 

WYLIE RIDGE TUNNEL - GLEN OSMOND 
EXAMPLES OF CONDITIONS 

FOR POTENTIAL WEDGE FAILURE? 

COMIMlb 
C.CONOR 
oiuw'i, ~ 
M_B. 
bitt 

t o - i o - a o 
S I 5 I 8 J 



TUNNEL 
LINE \ 

J,/J2 5S-5°lo 263 

U) 
Vo lume ot wedge s v l i x bose 

Bose = •• 13-0 x 9 
50*5 sq. m. 

Vo lune of wedge ? x SB'S 

s 2 8 4 - 9 c u . m 

71° to 043-5 

( o ) 

64° to 168 

(b) 

Fig, 4 
DEPARTMENT OF MINES A N D ENERGY 

.. . S 0 U T H AUSTRALIA 

WYLIE RIDGE TUNNEL - GLEN OSMOND 
GRAVITY FAILURE WEDGE 

CONTROLLED BY JOINT SETS J i , J 2 , J 4 

UIMPMO 
C. CONOR 
JifAWh 
M. B 
~ DATE 

_je-io-8i 

0 *r- cp.,P pa tj 
SCM-t 

N.'SU!! H 
$•15182 



J 3 / J A 77° I0I4O 

Tcf 
Volume of wedge = -j-h xbose 

Base = J30 x 1121 
" " " z " 

= 72*93 sq, m. • 
27-89 „, Volume of wedge s — X7Z-9J 
s G7e-Ol cu. m 

"DEPARTMENT OF MINES AND ENERGY 
l^V'/'r.:'..*!'SOUTH.AUSTRAUA _ 

WYLIE RIDGE TUNNEL - GLEN OSMOND 
GRAVITY FAILURE WEDGE 

CONTROLLED BY JOINT SETS J|,J3,J4 

Fig. 5 
CDMI'lUt) 
C. CONOR 
DRArVS 
m e_ r_ DAIf , 

go-io*eo 

c a r tu-i 

S C A U 

S 1 5 I 8 3 



Fig. 6 
f L ^ A R T M E N T OF Ml fv f .S A N D ENEFsGY 

' • .."- SOUTH AUSTRALIA ^ « 

WYLIE RIDGE TUNNEL - GLEN OSMOND 
SLIDE FAILURE WEDGE 

CONTROLLED BY JOINT S E T S J I , J 2 , J 3 

toi.'< at 
C. CONOR 

PHAWN 

M B. 
20-10-80 

C M p.''I 

IVAf. NJMt [ Ft 
S I 5 I 8 4 



I Poienltil ' \ 
! \ 
rdi iufe , • i I Wedge ; , ; 
I J| /J-i/Bso I 

TUNNEL SECTION 

id) 
Areo of beiM-1 l« £ "5 st) fn fi r 34-2-m 
Vt'lufriA of wedoe 10?-: > \ 

: 1246'5 CO \r, \ 
\ 
\ 

Fig. 7 
3 Xfc . —A tU -

- - D E P A R T M E N T OF MINES A N D ENERGY 
~ S O U T H AUSTRALIA 

W Y L I E RIDGE TUNNEL - GLEN OSMOND 
GRAVITY FAILURE WEDGE CONTROLLED BY 
JOINT SETS J i , J4 AND VERTICAL BEDDING 

ri'M»ini» 
C CONOR 
CiRAwK 
W B 
OAH 

I4-I0-S0 
i -v' :.rh " 

I ? * - * / 

t 0 ( OATf 

SI" Alt 
flKh NjUbt* 

S 16185 



TUNNEL PLAN 

TUNNEL HN£ 

A 

T V N N E L ! rXTIC 

h = IO-7m 

t a; 

••A 

A'CO c' taiP s 109'E Sq rn 
h s 10•7 m 

voiume s>f Wefige 
ICS'S* 10'? 

39G"55 cu m 

'2 ,4 t, *" DEPARTMENT OF MINES A N D ENERGY 
SOUTH AUSTRALIA 

W Y L I E RIDGE T U N N E L - G L E N OSMOND 
GRAVITY FAILURE WEDGE CONTROLLED BY 
JOINT SETS J i , J 4 AND BEDDING 6 0 ° WEST 

tUWiiH 
C. CONOR 
01A.WI* 
M, B. 

14 -10-60 
LHtoJUo 

Fig. 8 
-gT-T^uSi 

C t* 0 t'AH 
SCAU 

f'VXS NVMBtft 
S 15186 



TUNNEL LINE 

lc) -h s 4'4m 

TUNNEL SECTION 

<ai 
•tree of (0—• I sq m, 

h = >4 >4 tr. 

: ISO* 6 cu.m, 
Wotvttyp of weegf 

Fig. 9 

- / * 

"DTPARTMrN'foF Mlwt's AND" energy 
SOUTH AUSTRALIA ... .. 

WYLIE RIDGE TUNNEL - GLEN OSMOND 
GRAVITY FAILURE WEDGE CONTROLLED BY 
JOINT SETS J i , Jf- AND BEDDING 3 0 8 WEST 

i . I; 
C.CONOR 

M B . 

r < t'Arf 
J . I 

MKK 
S15187 



He.ortt (b) o< wedge -£F 

' c. 
D E P A R T M E N T OF MINES AND ENERGY 
SOUTH AUSTRALIA 

WYLIE RIDGE T U N N E L - G L E N OSMOND 
FAILURE WEDGE. SIZE 

AND VOLUME CALCULATIONS 

COVuft 
C. CONOR 

OAAW h 
MB r™BTtT**~** 

?2 - i c -eo 
" c>'-T(">.i"f 

Fig. 10 
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