














































































































































in the case of supplying surface energy only necessary in the case of 

fractures of Class I. 

6.4. Influence of layering. 

In the course of this discussion. the layering, or in­

homogeneity, of the hanging_ wall of Stope Z9 S 11 has been completely 

di1regarded. Fig. 9 shows that the argillaceous layers have an influence 

on the orientation of fractures. However, where the argillaceous layer 

becomes less than 2 inches in thickness, this influence is not obvious 

and the fracture orientation• used for the previous discussion were 

measured across where the argillaceous plane was less than 2. inches 

in thickness, or absent. 

The influence of the bedding plane could g;ive:.rise 

to the anomaly between mea• ured and predicted values • However, this 

cannot be tested at present and although very important from a tectonic 

point ol view, must be left in abeyance for th~ time being. 

6.5. Classification of fractures. 

Fig•. Z 7, Z8 and 2.9 alao show the various classes of 

fractures which have been recognised underground. According to the 

failure criterion all the fractures should exhibit features of Class III 

fractures. From the plotted data it is obvious that this is not the case, 

as Class I and Class II fractures predominate in Fig•. 2 7 and 2.8. 

Class II fractures coincide with the predicted fracture 

orientation, while Claes I fractures approximately foUiow the orientation of 

the• maximum principal stress (Fig. 2.7). Three Cla11s III fractures appear 

30 degrees above the average predicted values. 
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In Fig. 28 fractures of, once again, Class I tend to 

lie in the region of the orientation of the maximum principal stress, but 

fractures of Class II cover the area between Class I and fractures predicted. 

No fractures of Class III appear. 

At a stope span of ZOO feet (Fig. 29) fractures of Class 

III pi,edominate and fall within the regions of the predicted orientation of 

fractures. Occasional fractures of Class II appear between predicted frac­

tures and the orientation of the maximum principal stress. 

6.6. Discusstgp. 

The orientation of fractures can be predicted to a 

certain degree of ace uracy. The correspondence at this stage is that the 

limits of the orientation• can be predicted in the present environment, as 

well as the general change in orientation, i.e. the "saw-tooth II pattern. 

However, the individual values may differ from 

predictions by as much as 40 degrees ancl the reason for this can be the 

res ult of a number of factors. It will be useful here to recall all th•! 

assumptions again to see whether anything could be changed to give a 

closer fit. 

6.6.1. The stress distribution. 

The basic assumptions in the calculation of the stress 

distribution was that of a flat ellipse lying in a homogeneous, isotropic 

and elastic medium. From the detailed geological column (Table JO it is 

clear that the material is not homogeneous over a distance .of 3 feet in 

the hanging wall. Measurements made by the C.S.I.R. (1963) showed that 

the argillaceous quartzite has time-dependent properties and, therefore, 

deviates from linear elasticity. The influence of these two (inelastidty 

and inho·mogeneity) factors cannot be assessed at present by available 
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techniques. The finite element method (Anderson and Dodd, 1966, 

p.31 7) can be used to simulate the influence of layering, but the time­

dependent properties cannot be incorporated at present, but as computer 

capacity increases, this problem can be solved. 

Another important factor in the stress distribution 

could be the change in the method of support. A close inspection of Figs. 

5 and 6 shows a definite change in the trend of the orientation of fractures 

as soon as caving commenced. This could result therein that, as soon as 

the hanging wall has broken behind the last row of hydraulic props, lateral 

movement into the stope takes place. This movement has been measured 

(approximately one inch relative movement between hanging wall and foot 

wall). The effect of this lateral movement would be to introduce a couple, 

and in this manner steepen the orientation of the maximum principal 

stress, and could be the reason for the creation of fractures in Class III 

with values in excess of those predicted. (See Fig. Z 7). 

Fr om this disc us s ion it is clear that the know ledge of 

the absolute distribution of stress is subject to a number of influencing 

factors of unknown magnitude. 

6 .6 .2. Failure criterion. 

The modified Griffith failure criterion as described 

by floek (1965) has been used for the evaluation of the stress distribution. 

In the meantime this criterion has been criticised on a number of points. 

Hoek and Bieniawski (1965) state that this criterion does 

not adequately explain the direction and the rate of propagation of fractures 

under compress ion and that it is limited to predict conditions of fracture 

initiation. However, Bieniawski (1967, p.10) concludes that the modified 
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Griffith criterion can be used as a "phenomenological" strength failure 

criterion, but it does not constitute, in the form discussed, an hypothesis 

for a mechanism of propagation of brittle fractures. The main argµment 

here is that the coefficient of internal friction used by Hoek (1965) is 

not a true coefficient, but an apparent one, and Bieniawski (1967, p.10) 

maintains that if this apparent coefficient is used, the modified Griffith 

criterion may be used for strength failure prediction. 

Jaeger (1967, p.24) states that under uniaxial 

compress ion, and at very low confining pressures ( k(◄ splitting of 

the rock in planes parallel to the direction of greatest compression takes 

place. This statement is substantiated by observations made by Fayed 

(1968, p.84) who found that there is a discrepancy between the measured 

angle of shear and the angle predicted by using Mohr's envelope for 

O•I 
k-ratios less than::=(). From the above it is clear that the critical crack 

orientation given in Fig. 18 is not necessarily the orientation of the 

ultimate fracture planes for a k-ratio below O .1. In a region between 

0 .1 and uniaxial co1npres s ion, the orientation of the fracture lies some­

where between being parallel to the direction the maximum principal 

stress, and the predicted angle of shear. 

This means that where the k-ratio is less than O .1 

the prediction of the orientation of fractures becomes difficult as only 

the limits can be given. In Figs. 2 3 to 2 5 the k-ratio has a value of O .1 

and more. If for instance this value decreases, maybe on account of 

fracturing, vast changes in the orientation can result. This could explain 

the sudden changes in the orientation of the fractures. 

6.6.3. Summary. 

It is clear from the above discussion that the influence 

of -
- 66-
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(a) Inhomogeneity, inelastic ity, 

(b) failed material, 

(c) later al movement, and 

(d) inadequate knowledge about the failure mechanism, 

could give rise to discrepancies observed in the comparison of the 

measured and the predicted orientation as well as the class of fractures. 

The influence of the various variables can only be 

determined by keeping some of them constant. By such a process of 

elimination it would be possible to determine their influence. This will 

be an investigation on its own and the writer is at present proceeding 

therewith. 

7. CONCLUSION, WITH SPECIAL REFERENCE TO TECTONIC ANALYSIS: 

The purpose of this investigation was to make a controlled 

macroscale experiment of the failure of rocks subjected to a known load. 

From the results obtained it is clear that a number of variables make 

it difficult to draw any specific conclusions as to the validity of either the 

method of calculating the stress distribution around a stope-like excavation, 

or the validity of the modified Griffith fracture criterion. 

However, from a comparison between the measurement 

and the predicted values it has become clear that the limits within which 

fractures can be expected to occur can be delineated. 

Secondly, the modified Griffith fracture criterion has 

an advantage over the maximum shear-stress theory, in that it explains the 

appearance of Class I or so-called tens ion-fractures. If the maximum 
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shear stress theory had ·been used for the predictions, the presence of 

Class I fractures could not be explained. 

Another important point is that the data as measured 

in the field should first be analysed in the manner discussed here and 

then only can average ~alues be used. For instance, if an average value 

of the orientation of fractures were taken over distances of 10 feet, the 

"saw-tooth'' pattern would be obliterated and even fewer conclusions 

could be drawn. 

In addition, Roering (1967) has analysed fractures 

on a mesoscopic scale and has come to the conclusion that the mechanism 

governing fracturing on this scale is the same as fracturing on micro­

scopic scale and faulting on the macroscopic scale. This approach is 

used in this thesis. The know ledge gained fr om the investigation of 

fractures around underground excavations can be used to elucidate 

faulting phenomena on the macroscopic scale. This approach is illustrated 

by using data published by Olivier. (1965, 99. 143-175). 

Olivier used underground observations and bore-hole 

information to determine the struct·;.1re of the northernmost area of the 

Orange Free State Gold-field where the various post-Witwatersrand faults 

and their age relationships show that there we-re three periods of major 

tectonic disturbance, viz: 

(a) a post-Lower, pre-Middl~ Ventersdorp period, 

(b) a post-Middle, pre-Upper Ventersdorp period, and 

(c) a post-Ventersdorp period. 

-68-
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The orientations of the maximum and intermediate 

principal stresses, and the angle of shear as listed in Table 3 were 

obtained from the published stereographic projections. These data are 

used [':)if further analysis. 

The angles of shear listed in Table III can be used 

to determine the coefficient of internal friction ( ~ ). If M approaches 

zero the material tends to behave like a plastic material, and if A'- is 

in excess of 1.0 the behaviour of the rock is essentially brittle. There­

fore the coefficient of internal friction is useful to determine the physical 

condition in which a material was when a conjugate fracture system 

originated. tThis physical condition naturally is a function of the grade 

of consolidation, temperature, pressure and amount of water present. 

Therefore a value of A- can be used to speculate on these various 

as pecta ). 

Angle t-f Shea,r. Th~ coefficient of internal friction, 

determined from the angle of shear (Fig. 19) c•n give some information 

about the physical properties of the material or the stress ratios during 

any specific period. In Table 3 the coefficients of internal friction are 

given for the different major tectonic periods. 

(a) Relatively low values of ,;IA, , of 0.49, 0.14 and 

0.21, for the Middle Witwatersrand period means that the material was 

still in an unconsolidated state, or that the compressive forces were 

such that the quartzites (sandstone?) reacted in a plastic manner. 

Olivier. (1965 p 193) concluded that there is a relationship between 

sedimentation and contemporaneous folding and overthrusting, which 

implies that the material was not fully consolidated. 
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WITWATERSRAND AGE 

Faults Thrust faults 
10, 19 and 2.1 

~ N 105 W 

(ii NlSW,NlZW 

°" 32°, 41°, 39° 

,41,, 0.49, 0.14, 0.21 

Period 

TECTONIC HlSTORY OF LORAINE GOLD MINE AREA 

VENTERSDORP AGE 

Lower pre- Middle Poat Middle pre-Upper 
Ventersdor p Age Ventersdorp Age 

Pre-Westerly Westerly 
Tilt Tilt 

Uitkyk and No. 4 Weltevrede and TV3 
VDH6 & TV2. Fault Fault 

Rosedale Fa ult 

N 2. E Vertical Ve-rtical, Vertical 

N 88 W N 10 W N 55 E, N 40 E 

44° 21° 15° 

0.04 1.11 1.74 

z 3 (4 + 5) 

Where er; -= Maximum principal stress orientation 

c1i s Intermediate principal stress orientation 

rJ,,. • Angle of shear 

a C Coefficient of internal friction 

TABLE 3 

~ 

POST-VENTERSDORP ACil 
~~ 

Freddie& fault and Fault C 

Statistic al res ulta 

N 85 E, N 98 E 

. Vertical, Vertical 

30°, zs0 

o.5a, o.6a 

6 
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(b) A value for the coefficient of friction of 0.04 for 

the .pre-Middle Ventersdorp age means that :-

(i) the material was not completely consolidated, 

i.e. in a high plastic state, or 

(ii) the stress field was nearly hydrostatic, and as a 

res ult the material behaved in a more plastic 

manner, or 

(iii) the orientation of the maximum principal stress 

was not the same in the vicinity of bore-holes 

TV2 and VDH6 respectively. 

Since the value of the coefficient of friction was in 

excess of 0.04 in the preceding (Middle Witwatersrand) period, it is 

thought unlikely that the material became more plastic with time. In 

this case the assumption of near hydrostatic stress conditions with an 

increased plastic response was likely to have been active. This could 

be the beginning of the change in the orientation of the maximum principal 

stress to vertical in period 3. 

(d During period 3 a coefficient of internal friction of 

1 .11 is deduced. This corresponds with values obtained in specimens 

of chert and very brittle quartzites. This would mean that the quartzites 

were in a fully consolidated state, as they are now, or that the k-ratio 

had a value less than O .1. 

(d) During periods 4 and 5, post-Middle, pre-Upper 

Ventersdorp age, the value of~ increased to 1. 74. No known rock 

exists with such a high coefficient of internal friction. It is assumed 

that the k-ratio was below rQ,J O and, therefore, the angle of shear cannot 

-70-

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022.

 
 
 



-70-

be determined from this coefficient. This would imply a change from 

ne·ar hydrostatic conditions in period 2, to a condition where the 

lateral confining pressures were very low, i.e. in periods 4 and 5. 

(e) A sudden change between period 5 and 6 resulted 

in a horizontal maximum principal stress with change in the value of 

# a• determined from conjugate faults. 0 .58 and O .68 are within 

ih~ region of values measured on specimens of some argillaceous 

qi.iartzite1. Since the rocks in this area are mainly highly siliceous, 

of which one would expect .,() values close to 1 .O, it is thought that 

the vertical compressive stress did not reduce aignificantly but that 

ihe horizontally orientated intermediate principal stress increased 

subsfantially. This would result in a stress field approaching hydro­

atatic conditions and it is considered that the quartzites reacted in a 

more plastic manner, i.e. a reduction of:the coefficient of internal 

friction. This could also be a result of an increase in temperature; 

the effect would be a reduction in .Al . 

The orientation· of the principal stresses remained 

nearly constant for all the periods, permitting the summary below :-

~ n 1 z 3 4 5 6 

Vertical ~3 r3 (f 1 fl fl uz 
N'lOW rz v1 fz q-3 V3 a- 3 

N'70 E ~l 'f z f3 'z O"z v1 

The maximum principal stress changed from 

horizontal to vertical gradually, then suddenly, during period 6 reverted 

to horizontal again. 
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The orientations as given in the above summary, 

are similar to those deduced by Olivier. In addition, however, some 

conclusions with regard to the stress environment, and the nature of 

the material can be made. 

The entire sequence of events can be reconstructed 

in firstly, a period of unconsolidated material subjected to a horizontal 

stress field. As the depth of deposition increased, so did the vertically 

orientated stress increase, while the horizontal stress still remained 

relatively high. This resulted in a near-hydrostatic stress field (period 

Z). With passage of time, the horizontal stress reduced, and a.s a res·ult of 

increase in the overburden, the maximum principal stress became 

vertical (periods 3, 4 and 5). During period 6 a change in the stress 

field occurred with a resultant high compressive action in all directions, 

and the maximum principal stress horizontal again, but with an orientation 

differing fr om that appertaining to period 1. 

(In the above it is ass urned that the orientation of the 

maximum principal stress was constant for a set of conjugate fault_s). 

With the approach given above certain additional 

limitations can be placed on the physical environment under which the 

various fault systems developed. 
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