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Direct Shear Tests on Geological Fractures and Sawcut Samples 
from an Open Pit Mine in Northern Manitoba 

by 

P. Miles* and G. Herget** 

SUMMARY 

Direct shear tests on samples of quartz-chlorite gneiss were 
carried out to determine the shear resistance along geological fractures 
and sawcuts for open pit design. Shear tests were performed at both low 
(10 to 36 psi) and high (150 to 1430 psi) normal stresses. It was found 
that the peak angle of friction varied between 30 0  and 63° with a mean of 
44 0 • The peak shear stress/normal stress data was best represented by 
the power curve T = ao nb . As a con-iparison, a straight line interpretation 
(T = a+ ba n) is also given, which yields, however, a poorer fit of the data. 
The standard errors from regression were used to calculate the cumulative 
distributions of T at a given normal stress of 15 psi. The large discrepancy 
of the standard errors has a profound effect on the cumulative distributions 
at low normal stresses. 

A mean residual angle of friction of 29.3° was found which 
agreed well with the angle of friction from flat sawcuts (28.9'). 
A calculation of the angle of friction at zero dilatancy from measurements 
of horizontal and vertical displacements at peak yielded a value of 33 0 . 

Direct Shear Tests: Geological Fractures: Sawcuts: Angles of Friction: 
Mohr- Coulomb: Power Curve: Dilatancy. 
*Engineer, and **Research Scientist, Elliot Lake Laboratory, Milling 
Research Centre, Mines Branch, Department of Energy, Mines and 
Resources, Elliot Lake, Ontario. 
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1. INTRODUCTION 

Direct shear tests were performed on samples of quartz-chlorite 
gneiss to determine the shear resistance along sawcuts and geological 
fractures of known in-situ orientation. The samples were obtained as 
diaa-nond drill core from the slopes of an open pit in Northern Manitoba. 

In the following, sample descriptions, testing procedures, 
results and analysis are presented. 

2. SAMPLE DESCRIPTION 

Jointed diamond drill core (4 in. diameter) was obtained from 
the wall of an open pit for the purposes of direct shear testing. The 
orientations of the geologica l  fractures were known and testing was to 
simulate failure of the pit slopes. 

The samples were of a quartz-chlorite gneiss with varying amounts 
of biotite and garnet. Almost 80% of the shear surfaces were at least 50% 
slickensided and were characteristically black, shiny, striated, and soft. 
Many slickensided surfaces were partially coated with a thin, soft layer of 
calcite. Several very rough, interlocking surfaces were formed by the 
intersection of the gneissosity with the shear plane. The individual shear 
surfaces are described in more detail in Appendix A. 

3. TESTING PROCEDURES 

3. 1 Sample Preparation and Testin_g_Arrant 

Most fractures were marked in terms of desired shear direction. 
Some directions were changed so that shearing took place along the 
slickensides. The directions of shear movement are given in Appendix A 
as angles to the left or right of vertical, as shown in Figure 1. All 
jointed samples were sheared top down except for No. 17. Six samples 
were provided with sawcuts, three from sample No. 7 and three from sample 
No. 22, to obtain a check on the residual shear resista.nce. 

Blocks of rock containing the fractures or sa,wcuts were cut so 
that they could be moulded into forms suitable for the direct shear testing 
rig. The samples were moulded in a Portland cement-sand mixture of 1:3 



and left to cure for at least three days. 

Direct shear tests were made with a Hoek shear box. For the 
initial tests at low normal stresses (10 to 36 psi) the shear box was 
modified so that the normal load was applied by lead weights and the shear 
force was applied by a hand screw via a proving ring. For these tests, 
shear force and shear and normal displacement were plotted by an x, y, y 

recorder. 

High normal stress tests were macle with the direct shear box 
using hydraulic hand pumps to apply the normal and shear loads. Shear 
force and shear displacement were recorded by an x, y recorder. 

4. RESULTS AND ANALYSTS 

Objectives of the shear tests were to define the peak shear 
resistance and its variation at different normal stresses and to obtain a 

value of the residual angle of friction. 

4. 1 Results 

To allow interpretation of the continuous records obtained by 
mea.suring shear force/shear displacement, three phases were distinguished 
as shown in Figure  Z and described below. 

a) Peak Shear Resistance 

This reflects the maximum shear resistance obtained for a given 
normal stress which appears shortly after onset of shear displacement. 

b) Post Peak Shear  Resistance 

Shear resistance reduces with displacement after the peak to a 
relatively .uonstant value. The lowest average value is recorded. 

c) Residual Shear Resistance 

This is a value of shear resistance after considerable sliding 
which is constant with displacement. 

In most cases the third phase could not be determined with 
confidence. Also  in many of the high normal stress tests a peak shear 
resistance did not exist. This indicates that the • interlocking asperities 
causing the peak at low normal stresses are not effective (too weak) at the 
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higher normal stresses. The presence of small rock chips and a large 
amount of rock powder on the shear surfaces after testing shows the effect 
of continuous wear on the surfaces. Even the sawcut samples showed 
these effects after testing at high normal stresses. 

Necessary data to quantify shear and displacement data in these 
phases are given in Appendix A. If phase three was obtained, it is given 
in the table in the post peak column and is rnarked with an asterisk. 

4.2 Peak Shear Resistance at Various Normal Stresses  

Two sets of data are presented. Figure 3 shows a peak shear 
stress/normal stress diagram representing only low normal pressure 
tests. Figure 4 represents all tests. In each case the straight line Mohr-
Coulomb function and a power curve were fitted to the data. A power 
curve showed a better fit in both instances. The relationships for both 
cases are presented below. 

Low normal stresses (Figure 3): 

straight line: 	T =  a + b 
T = (2.5  + 2.45) + (0.954 + 0.11) O n  
r 	0. 

= 69 

ST/O. = 7.46 

power law: log T = log a + b log g n  
log T = (0.155 + 0.105) + (0.895 + 0.081) log a n  

r  =  0.803  
= 69 

S T/Gn  = 0. 129 

Low and high normal stresses (Figure 4): 

straight line: 	T 7= a + b G n  
T = 

 (
10.0  + 5.8) + (0.970 + 0.033) Gn 

r = 0.949 
N = 97 

S T  /on  = 47.6 
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power law: log T =  log a -+ b log a 
log T = ( 0. 031 + 0. 039)11+ (0. 998 ± 0. 023) log a n  

	

r 	0.975  

N = 9 7  

	

S T /an 	0.125  

The peak angle of friction of 43.7° (arc tan 0. 954) for the low 
normal stress cases agrees very closely with the angle 44. 1 0  (arc tan 0.970) 
obtained for all tests combined. The power relationship represen.ting all 
tests, which is very nearly linear, yields an angle of friction of  44• 90 

 

(arc tan 0. 998). 

A calculated example for a normal stress of 15 psi using the 
rela,tionships for all tests gives the following results: 

straight line: 	rie = 10. 0 + 14.55 
T = 24.55 psi 

S T/Œn  -= 47.6  

T = 24. 55 + 47 •  6 psi 

power law: log T =  0.031  -F 1. 174 
log T = 1.205 
ST/on  -= O. 125 

log T = 1. 205 -F 0. 125 

T = 16.02 + 	81 

A comparison of the mean values of T at 15 psi normal stress 
and the correlation coefficients indicates some agreement between the 
straight lin.e and the power curve; however, a considerable difference 
exists for the standard errors and indicates that the power curve provides 
a far superior relationship between shear resistance and normal stresses. 

4. 3 Shear Resistance Due to Dilatancy 

Measurements of shear displacement (s) and dilatan.cy (n) during 
shearing at low normal pressures allowed determination of the geometric 
component affecting shear resistance. This geometrie compon.ent is 
defined as: 

angle i e  =  arc tan (dn/ds). 
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Since the residual angle of friction could not reliably be 
determined, an attempt was made to obtain the angle of friction at zero 
dilatancy using the equation, 

T = Gn  tan (0 ± i e ). 

This was obtained by running a regression analysis of arc tan (T/G n ) on arc 
tan (dn/ds) which is shown in Figure 5. The angle of friction a,t zero 
dilatancy  vas  found to be 33°. This compares well with the n-iean residual 
angle of friction for the geological fractures of 29.3°, 
[arc tan (T/cr n) - arc tan (dn/ds) I and the mean post peak value for the 
sas,vcuts of 28. 9 ° . 

5. REFERENCES 

1. Herget, G. and Miles, P. , "Shear Resistance of Geological Fractures 
in Weathered and Fresh Rock", Mining Research Centre Division.al 
Report, 1974. 
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FIGURE 1: Determination of Direction of Shear Movement. 
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9, contains biotite, clean rough geological fracture, 95% slickensided, patches of 
calcite covering 	10%, asperities up to 	12 in. high, large undulation 
A=•-•,. 12 in. , L 	1. 6 in. ..1 to shear direction, sheared along slickensides, 
vertical poo3: surface contact, 2 5 in. 2  

14. 8 
20 
30 

400 
800 

1200 

13.2 
17.2 
23. 0 

41.7 
40. 7 
37. 5 

31.3 
25. 6 
28. 1 
41.7 
42. 8 
38. 9 

34. 1 
31..2 
31.6 

. 485 

. 525 

. 485 
1. 0 
.•995 

•• 995 

102 
120 
175 
185 
190 
165 

10, contains biotite, clean very rough geological fracture, 95% slickensided, 

	

patches of iron  oxide covering x 10%, irregular asperities up to 	. 12 in. 
high, large undulations  Ac . 15 in.  L. 8 in.  J.  to shear direction, sheared 
.along slickensides, 15° right of vertical, poor surface •  contact, 2. 1 in. 2  

17.6 	11.2 	32.4 	11.3 	. 12 	22. 1 	21.1 1.01 	159 

	

20 	16. 2 	39. 0 	8. 7 	. 145 	34. 2 	30. 3 1. 45 	190 

	

30 	24. 0 	38. 7 	8. 4 	. 12 	33. 4 	30. 3 	. 96 	176 

	

476 	 42.0 	 .96 	180 

	

952 	 41.8 	 .995 190 

	

1429 	 40. 7 	 1. 005 180 

11, no test. 
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J 	 • r i 	 .... 	 • r- i 	 cn •--t 	 U.) 	:-1 	 41 	0 	,.._, 
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rd 
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12, clean very rough geological fracture, no slickensiding, diagonal ridges and 
troughs formed by intersection of gneissosity with shear plane, sharp inter-
locking asperities up to 	3 in. high, sheared top down, vertical good 

5. 1 in. 2  surface contact, 
10 
20 
30 

196 
392 
588 

undulation 
sheared along 

17. 1 
29. 0 
52. 9 

388. 2 
535. 3 
680. 4 

59. 6 
55. 4 
60. 5 
63. 2 
53. 8 
49. 2  

45. 0 
29. 7 
38. 7 

• 0075 
• 03 
. 005 
. 020 
. 060 
. 10 

42. 4 
39. 5 
40. 8 
47. 7 
49. 0 
45. 9  

14. 6 
25. 7 
21.8 

. 94 
1. 005 
1.01 
1. 0 

. 94 
1.0 

200 
171 
189 
180 
220 
225 

13, clean rough geological fracture, 50% slickensided, thin calcite covering <10%, 
asperities up to "ez,' . 08 in. high, large interlocking diagonal 

. 4  in. , L 6. 2 in. , sample glued together for testing, 
slickensides, vertical, good surface contact, 5. 1 in. 2  

	

10 	13.4 	53. 3 	18. 4 	. 08 	43. 6 	34. 9 

	

20 	29.6 	56. 0 	24. 0 	.06 	42.4 	32.0 

	

30 	37.6 	51.4 	17. 1 	.095 	42. 5 	34.3 

	

196 	 48. 5 

	

392 	 45. 0 

	

588 	 42. 0 

14, contains biotite, clean rough geological fracture, 30% slickensided, inter-
locking asperities up 	25 in. high, rnainly.----f.. 1 in. high, sheared along 
slickensides, 32° left of vertical, very good surface contact, 6. 3  in. 2  

	

10 	11.6 	49.2 	26. 6 	. 005 	20.1* 	22. 6 	. 85 

	

20 	18.4 	42. 6 	18. 4 	. 055 	22. 4* 	24. 2 	. 985 

	

30 	26.8 	41. 8 	18.4 	.025 	22.2* 	23.4 1.005 

	

159 	193.7 	50.7 	 .010 	41.0 	 1.01 

	

318 	 41.4 	 1.0 

	

476 	 40.4 	 1.005 

150 
191 
190 
168 
185 
190 
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15, contains biotite and garnets, clean moderately smooth geological fracture, 
95% slickensided,rninor calcite coating, asperities up to 	.08  in. high, 
large undulation A 	12 in. , L = 2in. parallel to shear direction, sheared 
along slickensides, 17° right of vertical, good surface contact, 5. 7 in. 2  

	

10 	14.6 	55. 5 	15. 9 	. 015 	26.6* 	39.6  1. 005  152 

	

20 	25. 8 	52. 2 	17. 1 	. 0675 33. 3 	35. 1 1. 0 	256 

	

30 	34.9 	49.3 	13.2 	.05 	33. 2 	36. 1  1.0 	246 

	

175 	189 	47.2 	 .045 	42.6 	 1.01 	190 

	

351 	 43.6 	 1.005 230 

	

526 	 38. 7 	 1. 005 160 

16-1, contains biotite, clean rough geological fracture, 95% slickensided, thin 
calcite coverings-ze 35%, several interlocking asperities up to 	. 15 in. high, 
undulation A 	• 12  in.', L 3 in. parallel to shear direction, sheared along 

10 
20 
30 

164 
328 
492 

16-2, contains biotite, clean rough geological fracture, no slickensiding, inter- 

	

locking asperities up to 	• 15 in. high formed by intersection of gneissosity 
with shear plane, undulation Az- . 4 in. , L 2  in. I.  to shear direction, 
sheared top down, vertical, very good surfact contact, 6. 5 in. 2  

	

10 	12.2 	50. 6 	24.0 	.04 	32.2 	26.6 1.01 	243 

	

20 	'29.7 	56. 0 	29. 7 	.03 	32. 6 	26.3  1.015 210 

	

30 	39. 1 	52. 5 	26. 6 	. 01 	35. 3 	25. 9 1. 005 195 

	

154 	243. 1 	57. 6 	 . 020 	52. 2 	 .730  180 

	

308 	 49. 1 	 1.015 190 

	

462 	547.7 	49. 9- 	 . 46 	47.0 	 1.015  

slickensides, 15° right 
/1.0 

• 21.6 
30. 2 

213. 1 

vertical, 
47. 7 
47. 3 
45. 2 
52. 4 

good 
14.0 

 12. 5 
10. 8 

surfact 
• 12 
• 08 
• 135 
• 095 

of vertical, good surfact contact, 6.  1  in. 2  
•37 •  9 
36.4 
38. 0 
48.6 
46.7 
45. 0 

33.7 
34.8 
34.4 

1.005 
 1. 005 

1.005  
. 635  

• 995 
1. 0 

217 
219 
235 
150 
185 
195 
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17, contains biotite, clean moderately smooth geOlogical fracture, 95% slicken-
sided, calcite covering centre 60%, smooth undulations and aSperities up to 

• 04 in. high, large step across sample 	. 2 in. high restricting shear 
movement, sheared along slickensides, bottom down due to large step, 
23° right of vertical, good surface contact,  5.4  in. 2  

	

1 0 	8. 1 	39. 0 	5.4 	. 045 	31. 2* 	33.6 1.01 

	

20 	16.7 	39.8 	6. 3 	. 12 	27. 9 	33. 5 1.055 

	

30 	24. 2 	38. 9 	6. 7 	. 025 	31. 2* 	32.2 1. 005 

	

152 	153.5 	45.2 	 .070 	43.2 	 1.015 

	

303 	286.4 	43.4 	 . 100 	41.8 	 1.005 

	

455 	398.5 	41.2 	 .115 	39.4 	 1.005 

18-1, contains biotite, clean moderately rough geological fracture, 60% slicken-

sided, patches of calcite covering 	20%, asperities up  to. 04 in. high, large 
undulations  A. 45 in. , L > 3.4 in.  I  to shear direction, 
pieces glued together, sheared along slickensides, 
surface contact, 5: 4 in. 2  

212 
220 

188 
170 

155 
200 

sample has several 
16° left of vertical, good 

10 

20 
30 

185 
370 
556 

18-2, contains biotite, clean rough geological fracture, no slickensides, patches 
of calcite coveringe:e,10%, sharp asperities up to 	. 15 in. high, diagonal 
undulations  Ace. 2 in. , L 2. 7 in. sheared top down, vertical, good surface 
contact, 5.4  in. 2  

	

1 0 	14.3 	55. 0 	24. 0 	.065 	34.4 	31.0 1.025 150 

	

20 	28. 5 	54. 9 	26.6 	. 04 	37. 5 	28.3 1.005 183 

	

30 	60. 9 	63.8 	26. 6 	. 02 	41.2 	37.2 1.025 180 

	

185 	314.8 	59.6 	 .01 	41.4 	 1.005 190 

	

370 	356 	43. 9 	 . 075 	38. 7 	 1. 0 	170 

	

556 	466.7 	40.0 	 . 185 	37. 9 	 1.02 	180 
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19, contains biotite, clean moderately smooth geological fracture, 95% slicken- 
sided, patches of calcite coverine,-, 20%, smooth asperities up to';.: . 08 in. 

sample has pieces glued together, sheared along slickensides, vertical, 
2 

29. 4 

20-1, contains biotite, clean rough geological fracture, 95% slickensided, minor 
patches of calcite, sharp interlocking asperities up to 	. 12 in. high, 
sheared along slickensides, 30° left of vertical, good surface contact, 6. 0 in2  

high, 
poor surface contact, 4. 5 in. 

10 
20 
30 

222 
444 
667 375.6 

19. 3 
27.3 
34. 0 

209. 2 
321.7 

62. 7 
53. 8 
48. 6 
51.4 
44. 0 

24. 0 
21.8 
17. 1 

.015 

.015 

. 025 

. 030 

. 070 

38. 7 
32. 3 
35. 4 
44. 7 
41.0 
40. 5 

38.7 
32.0 
31.5 

1. 005 144 
1.005 236 
1.005 213 

	

1.0 	230 

	

1.01 	185 
. 9005 200 

20-2, contains biotite, clean moderately smooth geologiCal fracture, 95% slicken-
sided, asperities up to 	.08  in. high, few interlocking aSperities,. sheared 
along slickensides, 35 0  left of vertical, good surface contact, 6. 3  in. 2  

	

10 	14.8 	55.9 

	

20 	24.6 	50. 9 

	

30 	34.0 	48.5 

	

159 	175.4 	47.7 
318 
476 

27.3* 
29.4* 
31.1* 
40. 5 
40. 7 
39. 4 

1. 005 
1.0 
1. 005 
1.01 

. 960 
1. 0 

213 
217 
242 
180 
200 
200 

29. 3 
26. 9 
30. 1 
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1. 005 
1. 015 
1. 005 
1. 0 
1. 0 
1. 0 

257 
216 
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180 
195 
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. 17 

. 0225 

. 325 

. 055 

30. 3 
30. 3 
29. 4 
39. 2 
36. 5 
34. 7 

32. 0 
23. 1 
33. 3  

1.01 
1. 015 
1.01 
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8. 7 
17. 1 
7. 4 
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10 

2, , contains biotite, clean moderately smooth geological fracture, 95% slicken-

sided, dull interlocking asperities up toZ'O . 8 in. high, sheared along 
slickensides, 20° left of vertical, very good surface contact, 6.6 in. 2  

11.5 
36. 1 
30. 0 

154. 5  

49. 0 
61.0 
45. 0 
45. 6 

20. 0 
21.8 
15. 9 

. 02 

.01 

. 015 

. 045 

31. 2* 
31. 2* 
3 1 . 6* 
40. 4 
40. 9 
39. 5 

29. 0 
39. 2 
29. 1 

1. 005 
1. 005 
1. 0 
. 975 

1. 0 
1. 0 

261 
196 
211 
195 
190 

10 
20 
30 

152 
303 
455 

22- 1, contains biotite, clean moderately rough geological fracture, 90% slicken-

sided, thin patches of calcite covering 40%, smooth interlocking asperities 
slickensides, 20° left of vertical, good 

	

up to 	. 12 in. 	high, sheared along 
surface contact, 6. 5 in. 2  

	

10 	8.0 	38.7 	14.0 

	

20 	17.2 	40.7 	11.3 

	

30 	36.0 	50.2 	20.0 

	

154 	156.9 	45.6 
308 
462 

22-2, contains biotite, clean rough geological fracture, 85% slickensided, minor 
sulphide mineralization, asperities up to 	. 15 in. high, son-le interlocking 

, sheared alolg slickensides, vertical, asperities, undulations A 	15 
good suiface contact, 6. 5 in. 2  

	

10 	8. 6 	40.7 

	

20 	16. 9 	40.2 

	

30 	25.8 	40.7 

	

154 	158. 5 	45.7 
308 
462 

192 
198 
220 
185 
195 
175 

■•■■■ 
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E.-  1 	Q 	•..j 	• '"'"' 	d 	 d 	_ 	e-_ 	m 	w ..,' 	rl, 	à'' 	--- 	-1  ,.„ 	„, 
. ,e 	Ç-. -(1 	-,1 	-1. 	- 	1-1 	 . 	(‘' 	- 4, 	,■2, 	?---,',  	4 , 	r-, 	() 	4-> 	'- c.j  
u 	F-_,: 	d 	0 	'2-)., 	;I 	•'-' 	'-cd 	0 	---1 	Ç) 	rj 	u 	()3 di 	_,!, 	en 	-1 	u 	4-. 	• 	E', 
0 	,s1 	k 	..c., 	.t', 	0 	,tfl 	0 	..re 	r.,(f) 	0 	----... 	0 	, 	0 	. ,-4 	,,, 	0 	/, 	---- 	cu 	1,, 	0 	-,-t 

(LI 	U) f-T-1 	cr) 	cr.) 	>=1 	-L.- .-" 	P-1 	cri •->-.1," 	(11 	-.b. 	al 	P 1 	n 	:::-.., 	Pi 	n3 	E. 	O -ei 	[-i' 	Et 

S-7-1 Sawcut, 	6.0 in. 2  
10 	 25.8* 	 1.01 	209 
20 	 27. 9* 	1. 005 	228 
30 	 28.6* 	 1.005 	253 

166.7 	 36.5 	 1.0 	170 
333.3 	 37.8 	 1.0 	195 
500.0 	 37.7 	 • 98 	170 

S-7-2 Sawcut, 6.0 	in. 2  
10 	 22. 6 	 1.005 	150 
20 	 23.2 	 1.005 	177 
30 	 26.1 	 1.0 	175 

166.7 	 40,4 	 1.0 	170 
333.3 	 40.7 	 1.0 	200 
500.0 	 40.7 	 1.0 	215 

S-7-3 Sawcut, 	6.0 in. 2  
10 	4.6 	24.6 	 . 195 	19.3 	 1.005 	178 
20 	8.2 	22.2 	 .215 	15.8 	 1.005 	162 
30 	13.8 	24.8 	 . 155 	21.0 	 1.005 	165 

166.7 	 31.8 	 1.0 	170 
333.3 	 32.4 	 1.0 	210 
500.0 	 33.2 	 1.0 	200 

	

S-22-1 Sawcut, 	5.8 in. 2  
10 	• 	 16.3 	 1.005 	132 
20 	 20.3 	 1.01 	158 
30 	 19.0 	 1.005 	137 

172.4 	 31.8 	 1.0 	155 
344.8 	 35. 9 	 1. 0 	205 
517.2 	 36.0 	 1.01 	195 
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Sa.wcut,  5.9  in. 2  

•", 

3.6 
 7. 2 

11.9 

20.0 
19.8 
21.6  

• 165 
• 12 
• 085 

10 
20 
30 

169. 5 
339. 0 
508. 5 

S-22-3 Sa.w cut, 6. 0 in. 
10 
20 
30 

166.7  
333. 3 
500. 0 

16. 1 
14. 9 
16. 8 
31. 0 
36. 9 
35. 5 

25. 0 
27. 1 
24. 4 
36. 9 
38. 1 
37. 2  

1.005  229 
1. 005 252 
1.005  277 
1.0  180 
1.015  165 
1.025  205 

1.01 	135 
1.01 	141 
LOI 	227 
1.0 	180 
1. 005 180 
1.0 	185 
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