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1 . SUMMARY 

The mechanical properties of Stripa Granite are presented 

as determined from small (laboratory size), oven-dried 

specimens. The properties determined include Young-s modulus, 

Poisson-s ratio, unaxial con1pressive fracture stress and the 

expansion coefficient, all as a function of temperature. 

In addition the Brazilian tensile fracture stress, residual 

shear strength as a function of a normal stress and the rock-s 

anisotropy ratios are presented. Finally ultrasonic determi

nations at 1 MHz of the rock-s dilatational wave velocity are 

given and the deduced Young-s modulus is compared with the 

static value for room temperature. 
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2. INTRODUCTION 

For the determination of the mechanical properties of Stripa 

granite, samples were largely taken from the three boreholes 

8h H1 ( 45 mm qi), BH H2 ( 42 mm qi) and Bh V1 ( 45/ 42 mm qi). 

Addition samples were obtained from the 72 mm qi borehole Bh SI, 

"hand specimens" and from the orientated block B , see Fig 1. 

It was noticed that the granite type taken from these different 

sources is certainly of'variable character. In an attempt to 

demonstrate this site variablility, selection of the samples 

for each test was made at random, rather than systematically 

taking adjacent samples from a common borehole. As a useful 

guide to this variability, in the results given below a com

parision is made wherever possible with Bohus granite, a 

fairly uniform, well-known Swedish rock. 

For the purposes of the numerical calculations later to be per

formed in Object 10:03, it was decided that the following para

meters should be determined: 

3.1 Young-s modulus (E, GPa) 

Poisson-s ratio (v) 

Compressive fracture stress (oc' MPa) 
-1 

Expansion coefficient (a, deg c) 

as a function of 

tempera tu re 

20 < t < 200°c 

3.2 Young-s modulus (E, GPa) confining pressurr } 
as a function of 

3.3 

Compressive fracture stress (oc, MPa) 0 < 0 i < 30 MPa 

Brazilian tensile fracture stress 

(o,l', MPa) 

3.4 Residual shear stress (Tr' MPa) as a function of normal 

stress (0 < o < 11 MPa) 
n 

3.5 Anisotropy ratio-s for Young-s modulus (E, GPa) and 

compressive fracture stress (o , MPa) 
C 

3.6 Dilatational wave velocity (c 1 , m/s) and deduced dynamic 

Young-s modulus (E 1 , GPa) 
c yn 

Accompanying the results (3.1) through to (3.6) given below, is 

a brief description of the test method used. 
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3. RESULTS 

3.1. Temperature dependency of Stripa Granite 

The results for this group are derived from (i) a series of un
axial compression tests (obtaining E, v arid o as functions of 

C 

temperature) and (ii) a theoretical calculation based on Simmon·s 
work [1] and experiments also developed by Simmon·s, which make 
use of a differential dila'tometer [2] (obtaining the coefficient 
of cubical expansion a as a function of temperature). 

V 

3.1.1. Unaxial_Compression_tests 

The specimens prepared for this test were 45 mm diameter cores 
cut to a length of 105 mm and oven-dried at so0 c for 2 days. All 
strain measurements were made using strain gauges (type HBM 61 120 
LY11, 20° < T < 150°C and type HBM 61 120 LG11, T > 150°C) glued 
to the specimens. Each specimen was then lined with a thin plastic 
protection and heated for 2-3 hours in an oven to the predeter
mined equilibrium temperature. It was then placed into a heated 
oil bath and loaded to failure in a conventional unaxial co111-
pression test. At temperatures over 100°c precautions were taken 
to eli1i1inate gross heat losses from the oil bath via conduction 
and convection. Even so, because of the limitations of the 
method, it was only possible to maintain the high testing tem
peratures to within about ±5 % of the predetermined value. 

From each test a plot of axial stress o1 against axial strain s 1 

and radial strain c was obtained, an example of which is shown 
r 

in Fig 2. The values of E, v and o derived from such a plot are 
C 

given comprehensively in Table I. It should be noted that both 
E and v are evaluated from secants drawn from the origin to inter
sect the curves at o = 50 % o . A statistical sumr,1ary of these 

l C 

results is given in Table II. Also appearing in Table II is the 
comparative data at room temperature for Bohus granite. The two 
rock types may also be compared in Plate 1 which shows the typi
cal post-failure fracture surfaces resulting from the test. 

Graphical presentations of Table II are given in Figs 3 and 4. 
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Table I 
Comprehensive results from unaxial Compression tests 

0i l Specimen Fracture Young-s Pai ss □ n-s Failure 
bath number stress ~,Jodu l us ratio Description 
temp. 0 E \! (see footnote) c.: 
oc MPa GPa 

20 V1 43.57 E1 19 2. 0 72 .4 0. 27 1 

20 H1 33.30 E3 207.7 63.0 - 1 

20 V1 44.25 ES 229.9 67.4 0.23 r; 
L 

20 H1 30.10 E6 217.9 61 .8 0 .15 2 

20 V1 39.80 E7 180. 9 78.4 0.23 1 

20 1-11 29.25 E8 247.9 68.0 0. 19 1 

20 H1 35.65 E9 222.0 64.0 0.20 1 

20 V1 44.70 E10 149.0 68.8 0. 19 3 

20 fl 1 29.45 E11 245.6 67.8 0.20 1 

20 H1 28.60 E12 182. 8 82.0 0.22 1 

51-
49 V1 42.00 E31 177. 8 70.2 0 .13 2 

50 V1 52.36 E32 192.9 68.6 0.29 1 

50 H1 28.30 E33 200.6 67.4 0.23 1 

50 V1 44.35 E34 259.2 80.0 0.27 1 

50 V1 45.02 E35 228.7 67.6 0 .19 1 

50 1-11 29.35 E36 187.3 68.4 0. 15 2 

50 H1 2d.40 E37 231.4 73.4 0. 20 1 

50 V1 44.60 E38 187. 6 73.4 0. 19 3 

-

Note: 1 Complete failure 
2 Partial failure: edge spall 
3 Partial failure: weakness plane 
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Table I (contd) 

105-73 H1 24.00 E13 218.6 60.8 0.27 1 

120-110 H1 13.40 E14 249.0 57.8 - 1 

100-92 V1 39.31 E15 219.9 61.0 0.22 1 

101-94 V1 43.30 E16 213. 1 62.6 0.22 2 

101-96 H1 14.45 E17 190.7 67.4 0 .19 3 

104-99 H1 7.63 E18 228.7 61.6 0 .18 1 

102-97 H1 16.35 E19 229.1 66.2 0.11 1 

152-140 H1 19.80 E20 208.2 60.6 0 .17 2 

155-151 H1 16.45 E21 178.0 51. 2 0.11 3 

155-147 H1 23.75 E22 217.6 60.0 0.13 1 

155-148 V1 39.21 E24 231. 1 55.8 0.26 1 

158-148 H1 41.50 E25 212.0 53.6 0.15 1 

157-150 H1 31.80 E26 186. 1 61.8 0. 12 2 

188-170 H1 28.75 E29 194.9 47.6 0.20 2 

197-175 V1 44. 12 E30 129. 6 53.0 - 2 

194-170 V1 44.02 E39 143. 1 49.6 0.09 2 

197-180 H1 29.62 E40 114. 3 58.4 0. 12 2 

195-191 V1 38.02 E41 155.9 44.6 0. 14 2 

195-180 V1 38. 12 E42 150.1 51.0 0 .10 2 
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Sample Mean Fracture Stress Young-s Modulus Poisson-s Ratio Size Temp 0 MPa r GPa \) t. 
C 

IJ) --1 
rt OJ 
OJ 0-
rt --' ~- (D 
V> 

oc mean standard mean standard 90 % mean standard 90 % 
dev. dev. conf. lmts. dev. conf. lmts. 

rt ~- ~-< 

n -OJ 
--' 

V, 
C 

10 20 207.6 31.4 69.4 6.6 73.4 
0. 21 0.03 0. 191 

65.4 0.229 
OJ 
} 

'-< 

8 50 208.2 28.4 71. 2 4.4 74.2 0.21 0.05 0. 175 
68.2 0.245 

0 
-+-, 

--1 

7 100 221.3 17.8 62.4 3.4 65.0 0.20 0.05 0.159 
59.8 0.241 

OJ 
0-
--' 
(D 

-6 150 205.5 19.9 57.2 4.2 60.8 0 .16 0.06 0.111 
53.6 0.209 

6 190 148. 0 27.4 50.8 4.8 54.8 
0. 091 46.8 0 .13 0.04 0.169 

Bohus Granite 

(Room temp) 157.0 43.0 53.3 2.6 - 0.20 0.01 -

0 
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ExQerimental_determination_of_av_as_a_function_of_temQerature 

* The preliminary results from a determinations on the 
V 

Stripa granite are presented below in Table IV/V and in Fig 
5/6. For the purpose of theoretically calculating a 

V 

(see section 3. 1.3) and for general reference, the modal 
composition of the light-red granite variety is given in 
Table III below. 

Table III 

Modal composition of Stripa granite. 

Mineral Volume% 

Quartz 43.6 

Potash felspar 12.0 

Plagiaclase felspar 39.2 

Muscovite 2.0 

Chlorite 3.2 

Total 100.0 

Number of points 1 396 
--··,~---'" 

* supplied by Terra Tek and based on one sample only. 
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Table IV/V 

Temperature 0 c 
21 
65 
86 

113 
137 
161 
l 86 
211 
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0 
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Vol. expansion x 10-j 
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It has been shown by Cooper and Simmons [1] that a may be 
V 

calculated theoretically for a number of different rock types 

and agreement with measured values, for the most part, is 

reasonably good. They obtained their theoretical a values 
V 

using the composite expression: 

I:a.E.V. 
l l l 

Cl = 
V I:E.V. 

l l 

where coefficient of cubical expansion of . th phase CL = l 
l 

. th 
E. Young ~ modulus of phase = s l 

l 
. th 

V. = volume fraction of l phase 
l 

Tabel JII gives the value of,v. for the 5 phases occuring in 
l 

Stripa granite. From the two available reference books [3] 

and [4] it is possible to extract data for E. and a. for 
l l 

different minerals commonly found in granites (see Table VI). 

Table VI 

Data used for calculation of a 
V 

Mineral a (25°C) 

Quartz 34 

K-felspar 15 

Plagioclase 13 

Muscovite (20) 

Biotite (20) 

Opaques 29 

a (400°C) E ( GP a) 

69 95.7 

20 73.9 

17 88.1 

(25) 78.8 

(25) 68.3 

45 230.5 
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These data have been used for the calculation of a both at 
V 

25°c and at 400°c for a number of granite types, including 
Stripa granite, Table VII. Included in this table are the com
parative experimental and theoretical values given by Cooper 
and Simmons [1]. The reason for the discrepancy in the in
dependantly calculated theoretical values remains, as yet, 
to be explained. 

Table VII 
Comparison between measured and calculated coefficients of 
thermal expansion 

"'.µ 
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3.2. Triaxial Compression Tests 

Specimens for the triaxial compression tests were taken from 

borehole H2, cut to lengths of 84 mm and oven dried at so0 c 
for two days. Each specimen was then sealed in an impervious 

rubber jacket and placed in turn into a conventional triaxial 

cell. An electric oil pump with drain valves then maintained 

the equal minor principal stress level constant, while the 

axial load was increased in a 300 Ton machine to the specimen~s 

failure load. This load was noted for increasing values of con

fining pressure O < 0 3 = 0 2 < 30 MPa. 

The comprehensive data from these tests are given in Table VIII 

and the statistical summary in Table IX. A plot of axial stress 

0 1 against axial strain s 1 for different confining pressures 

as obtained from the tests is shown in Fig 7. The data of 

Table IX is also plotted, as seen in Fig 8. A typical barrell

shaped failed specimen is shown in Plate 2. 

15 
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Table VIII 

Comprehensive Results from Triaxial Compression Tests 

Confining Specimen Fracture Young-s Failure 
Pressure Number Stress o Modulus E Description 

(_' 

(see footnote) 03 == 02 

(MPa) (MPa) (GPa) 

5 1-12 9.70 T22 302 75 .4 1 

5 H2 51.35 T23 317 72 .2 1 

5 H2 86.70 T24 319 75.6 1 

5 H2 84.25 T25 296 77. 6 1 

5 H2 3.50 T26 266 76.2 2 

10 H2 85. 6 T7 352 76.8 1 

10 H2 5.50 T8 408 78.6 1 

10 H2 5.50 T10 384 77 .4 1 

10 H2 42.15 T11 344 76.2 1 

20 H2 17.30 T12 476 83.0 1 

20 H2 5.90 T13 478 84.8 1 

20 H2 5.70 T14 462 83.8 1 

20 HZ 73.20 T15 470 78.8 1 

20 HZ 15. 7 5 T16 464 80.6 1 

30 HZ 9.90 T17 516 82.6 1 

30 H2 9.80 T18 480 82.8 2 

30 H2 15.65 T19 533 83.2 1 

30 H2 87.00 T20 520 83.2 1 

30 HZ 15.90 T21 552 84.2 1 

llote: 1 Complete failure 

2 Failed on weakness plane 
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Table IX 

Statistical Summary of Table VIII 

Confining Fracture stress a Young~s Modulus E 
Pressure C 

(MPa) (MPa) (GPa) 

mean standard mean standard 
deviation deviation 

5 308.5 9.8 75.4 1,. 78 

10 372.0 25.6 77. 2 u.ss 

20 470.0 6.3 82.2 2.20 

30 530.3 14.0 83.2 0.56 
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3.3. "Brazilian" tensile fracture tests 

The specimens used in this test were taken from 72 mm diameter 
0 

cores cut to lengths of 36 mm, and oven-dried for 2 days at 80 C. 

It only remained to compress each specimen under diametrically 

opposite loads and to note the failure load P. Ideally P should 

be the point failure load, but in practise local crushing occurs 

and so P is actually applied over a small angle 2a. The value 

of this angle was estimated to be 4.8°, from which the tensile 

failure stress was calculated using o1 = -2.45 x 10 2 P. The complete 

data from these tests is shown in Table X , as is also the sta

tistical summary and the comparative values for Bohus granite. 
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Table X 
Complete results frorn "Brazilian" tensile Fracture tests 

Specimen Failure Tensile 
number Load P fracture 

stress OT 
kN MPa 

B1 SI 4.41 61 .2 14. 99 

B2 SI 4.41 63.9 15. 66 

B3 SI 1. 55 67.5 16.54 

B4 SI 9.08 65.7 16 .10 

B5 SI 9.08 56.7 13.89 

86 SI 1.55 76.5 18. 74 

B7 SI 9.60 60.3 14. 77 

B8 SI 1. 55 67.5 16. 54 

B11 SI 9.08 51. 3 12.57 

B15 SI 9.60 54.0 13.23 

B16 SI 6.53 54.0 13.23 

B17 SI 6.53 54.0 13.23 

"Brazilian'• fracture stress oT 

mean standard 90 % Conf. 

MPa deviation limits 

Stripa 13.9 granite 14. 96 1. 75 15. 9 

Bohus 
granite 10.50 0.63 -
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3.4 Laboratory Shear Box tests 

Specimens for this test were selected from 72 mm diameter cores 
and from hand specimens (see Fig 1 for locations) all having 
natural joint surfaces. Each specimen was first oven-dried and 
then encapsulated in a concrete mould (see Plate 3). The equip
ment used for the test was a standard Robertson~s field shear 
box. A general descriptiqn of each joint surface tested is 
given in Table XI. The dominating fill material in all cases 
was chlorite. A plot showing the dependency of residual shear 
strength (T ) on joint normal pressure (o • 0 < o < 11 MPa) r n n 
is shown in Fig 9. It is apparent from this figure that the 
residual shear strength may be described by the bilinear re
lationships: 

where 

and 

where 

o = o tan~r , r n 1 

~ = 32.7° 
rl 

o = o tan~ + S , r n r2 o 

0 
= 24.8 

0 < o < 3.4 MPa 
n 

3.4 < o < 11 MPa 
n 

and s = 0.71 MPa 
0 

The upper limit of 11 MPa in the second equation is fixed by 
the strength of the encapsulating material (concrete) of the 
test, and by the joint area of the specimen. Predictions made 
outside the above stated limits should be treated cautiously. 
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Table XI 
General description of joints tested 

Specimen Joint Joint fi 11 Surface 
number surface thickness structure 

Area (cm 2 ) (mm) (see footnote) 

1 44.60 1-3 1 

2 44.50 0-1 3 

3 40.80 0-1 2 

4 46.35 1-3 1 

5 31.10 1-3 2 

6 39.20 0. 5-1 2 

7 35.60 1-2 2 

l~ctes: 1. Dominantly plane 
2. Plane with rough irregularities 
3. Plane with marked roughness 
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3.5. Anisotropy Tests 

In order to measure the anisotropy in a material like granite 

it is necessary to take extensive samples from a coordinated 

block in the manner shown, Fig 10. For this purpose a block 

with known orientation was taken from the Stripa mine and 

from this block it was proposed to recover 5 core specimens 

42 mm qi x 84 mm length fr.om each angled hole. Unfortunately, 

owing to the jointed state of the block, core recovery was 

poor. It was therefore decided that instead of completing 

26 

the full-scale anisotropy tests as planned, a small-scale test 

in one plane (x-z plane) would serve as an indication of ani

sotropy. The variables in which anisotropy should be observed 

were taken to be Young's modulus, compressive fracture stress 
and dilatational wave velocity. 

The complete results from these tests are given in Table XII. 

The sample size of 2 for each angle is not of course acceptable 

for a definative statement on anisotropic behaviour. However 

a trend is apparent in the sampled x-z plane both with regard 

to Young,s modulus and dilatational wave velocity. 

Table XII 

Small-scale anisotropy test results 

Specimen Density C t✓ave velocity E Young' s a 
number 1 Modulus C 

mean mean 
(11.g/m3) (m/s) s. d. (GPa) s. d. (MPa) 

B1. 1 2616.9 5164.2 5180.3 66.8 64.9 227. 4 
B1. 2 2616.9 5'196. 3 ±16.1 63.0 ±2.0 81.2 

B2.1 2614.4 5268.8 5240.9 65.8 65.2 237.2 
B2.2 2609.8 5213.0 ±27.9 64.6 ±0.6 227.4 

B3.1 2613.8 5310.1 5311 .1 64.4 65.5 207.6 
B3.2 2616.3 5312.1 ±1.0 66.6 ±1. 2 233.9 

B4.1 2617.8 5353.5 5381.6 64.4 65.7 181. 2 
B4.2 2619.7 5409.7 ±28. 1 67.0 ±1.4 234.8 



3. 6. Dilatational Wave velocity measurements 

Dilatational wave velocities (C 1 ) were measured in oven dried 

cylindrical specimens cut to lengths of 105 mm. Travel times 

vJere determined over this path length by an ultrasonic pulse 

technique at 1 MHz. The data obtained in this way together 

with the measured specimen densities is shown in Table XIII. 
Knowing the unconfined Young-s modulus and Poisson-s ratio 

(see Table III) it is possible to calculate a theoretical 

27 

value for C1 • This value is also given in Table XIII where it 

is seen to be approximately 5 % higher than the observed value 

of 5213 m/s. Alternatively, knowing C1 experimentally and assu-

mi ng v . =v . , 
dyn8Jlnc static 

Ed may be estimated to 
yn 

a dynamic value for Young-s modulus 

have a value~ 63.3 GPa. However, in 

order to obtain E more precisely it is necessary to measure 
dyn 

the distortional wave velocity, but this has not been done in 

the present work. 
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Table XIII 

Density and Dilatational wave velocity data and results 

Specimen Density p Dilatational 
number Wave velocity 

(kg/m 3 ) C (m/s) 
1 

H2 6. 60. 2619 5123 

H2 10.02 2630 5117 

H2 10 .13 2622 5132 

H2 14.87 2625 5266 

H2 30.57 2616 5230 

H2 31.04 2521 5261 

H2 31 . 15 2625 5255 

H2 64 .19 2627 5187 

H2 77.23 2617 5296 

mean 2622.5 5213. 8 

standard 
deviation 4.2 64.8 

Calculated dilatational wave 
velocity 
C = [ E ( 1 -\)) / ( 1 +\J) ( 1 -2\J) p] 1/2 5457.9 

1 
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4. DISCUSSION 

The Stripa granite as taken from the site locations of Fig l 

is a relatively coarse-grained material which on the scale of 

laboratory testing strongly exhibits linearly elastic behaviour. 

In comparison with other granites both its Young·s modulus and 

its compressive fracture stress is high. This is likely to be 

accounted for by its high quartz content. The temperature depen

dancy of its elastic properties within the range 25 < T°C < 200 

are similar to those of a granite reported elsewhere [5]. The 

large-scale properties of Stripa granite will to a great extent 

be determined by its strongly jointed (fractured) nature. This 

may be inferred with even greater certainty where chlorite-filled 

joints exist as a result of retrograde metamorphism. 
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7. PLATES 

Plate l 

Appearance of failed specimens after unaxial compression test, 
Bohus granite left, Stripa granite right. 

32 
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Plate 2 A 

A jointed specimen shown encapsulated in concrete. 

Plate 2 B 

Appearance of a natural joint surface. The dark features are due 
to the presence of cl1iorite. 



Plate 3 

Appearance of failed specimen after triaxial compression test, 
a = a = 20 MPa. The rubber surround has been cut away after 

3 2 

the test. 
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l. SUMMARY 

The mechanical properties of Krakemala granite, Finnsjon 

granodiorite and Blekinge gneiss are presented as deter

mined from small (laboratory size), oven-dried specimens. 

The properties determined include Young~s Modulus, 

Poisson~s ratio, uniaxial compressive fracture stress and 

the Brazilian tensile fracture stress, all at room 

temperature. 

l. 



2. INTRODUCTION 

For the determination of the mechanical properties of each 

rock type,samples were taken at three different sites in 

each borehole viz. shallow depth (0-100), medium (200-300 m) 

and deep (400-500 m). The core size available were either 

of diameter 42 mm or 45 mm, which in the case of uniaxial 

compression testing were cut to sample lengths such that 

(L/D) was 2.5. 

2. 



3. RESULTS 

3. 1 Krakema 1 a Granite 

For the two boreholes (KR 1 and KR 2) from the Krakemala 

site, uniaxial compression test data is presented in 

Table la, while Fig. l shows a typical plot of axial stress 

against axial strain El and radial strain Er. A 

statistical summary of this data appears in Table Ib. The 

typical appearance of a failed specimen is shown in 

Plate l. 

3. 

The "Brazilianll tensile fracture stress data for the rock was 

obtained by compressing specimens (42 mm~) under diametrically 

opposite loads and noting the failure load P. The complete 

data for these tests are given in Table Ila together with a 

statistical summary in Table IIb. The appearance of a broken 

specimen is shown in Plate 2. 

3.2 Finnsjon Granodiorite 

For the single borehole (FI 1) from the Finnsjon site, 

uni axial compression test data is presented in Table lIIa, 

while Fig. 2 shows a typical plot of axial stress against 

axial strain E1. A statistical summary of this data appears 

in Table IIIb. The appearance of a failed specimen of this 

rock type is shown in Plate 3. 

The complete data for the "Brazilian" tensile tests on the rock 

are given in Table IVa together with a statistical summary in 

Table IVb. The appearance of a broken specimen is shown in 

Plate 4. 
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E:r-------r----.,.-----+----r-------r------T-~E:1 
0 1 2 3 x10-3 -2 -1 

Fig 1 TYPICAL STRESS-STRAIN PLOT FROM UNIAXIAL 

COMPRESSION TEST: KR.A.KEM.A.LA GRANITE. 



PLATE l 

Appearance of failed specimen after uniaxial compression 
test: Krakemala granite. 



PLATE 2 

Appearance of failed specimens after Brazilian test: 

Krakemala granite. Note the coarseness of the crystalline 

structure. 

6. 



Table Ia 
7. 

Comprehensive data: uniaxial compression tests 

Specimen 
number 

KR 22.20 Hl 

KR 23.85 Hl 

KR 212.60 Hl 

KR 213.30 Hl 
--•-

KR 464.05 Hl 

KR 465.20 Hl 

KR 18.50 H2 

KR 19.60 H2 

KR 305. 30 H2 

KR 306.57 H2 

KR 563.20 H2 

KR 564.40 H2 

*Secant modulus at 50 % 
failure load 

Note: 1. vertical 
splitting 

2. failure on 
on inclined plane (s) 

-- --------·--------- - , ·-- --·------------- - -----·---------

Fracture Young - Poisson -s Failure s 
stress 0 Modulus E* ratio Description 

(MPa) C (GPa) (see footnote) \) 

-··--- r- - •- --·- -·-· ---- ·------- -------

225. l 63.9 0.23 2 
-- ···-·--- ·-- ··-

190.7 59.6 0.25 2 
~------., •... ------ .. --------- . --•---- P--·-···-·-· - --- ------·--- - -- - ···-··-·------ . ---· --

188.0 61 .0 0.23 2 
. ---·- ., . ----- .. , .. ,,, ---· .. ,, - ·------·--- - -----·-- - --- - i-------------- ------ ,, ........ 

176. l 57.5 0. 16 2 
t----·---- .. ---- -·----- -· ... --·-·---- ------------------ - -·---·---------- -------

177. 4 56.7 0. 17 2 
----·- -··---- ··- - - - --- -- -- --· ·----·-- . . - -- -·- .. 

172. l 69.4 0. 18 2 
------ --------------- - - -------- -- --·· ----------

--·----,.•---------·--- ·-- r--· -~----------- ------- r----------·-·-- --

176. l 61 . 5 0. 15 

143.0 51 .6 0.22 

131 . l 54. l -

152.3 68.6 0.28 
-- -~ ----~-- ----· 

135. 0 48.2 0. 16 ---------- ---------·· ···--·-··------ ~-- --- ~----~---- --• 

178. 7 58.4 0. 24 
-··-·--~--- ------

Table Ib 

Statistical summary, KRAKEMALA Holes 1 and 2 

KR - Hl 

mean 

KR - H2 

mean 

standard 
deviation 

o (MPa) 
C 

188.2 

0 (MPa) 
C 
.. 

152.7 

18.7 

E* (GPa) 

61. 4 

E* (GPa) 

57. l 

6.7 

2 

2 

2 

2 --
2 ----

2 

V 

0.20 

\) 

0.21 
---- ------

0.05 
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Table Ila 

Comprehensive data: "Brazi 1 ian" tests 

Specimen number Failure Load P Tensile fracture 
stress oT 

(kN) (MPa) 

KR 22. l Hl 16.92 10.4 

KR 22. 1 Hl 14.76 9. 1 --
KR 212.1 Hl 14.58 9.0 

KR 212. l Hl 14.22 8.7 -

KR 464.6 Hl l l . 70 7.2 

KR 464.6 Hl 14. 76 9. l 

KR 18.5 H2 15.84 9.7 

KR 18. 5 H2 12. 96 8.0 

KR 305. l H2 8.28 5. l -

KR 305. l H2 9.90 6. l 

KR 564.4 H2 9.90 6. l 

KR 564.4 H2 9. 18 5.6 

Table IIb 

Statistical summary, KRAKEMALA Holes 1 and 2 

"Brazilian" fracture stress oT 

Rock mean standard 
Type (MPa) deviation 

KRAKEMALA 8.92 0.94 
Bh 1 

KRAKEMALA 6. 77 l. 59 
Bh 2 
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3 x1ff3 2 -2 -1 0 1 

Fig 2 TYPICAL STRESS- STRAIN PLOT FROM UNIAXIAL 
COMPRESSION TEST : FfNNSJON GRANODIORITE. 



PLATE 3 

Appearance of failed specimen after uniaxial compression 
test: Finnsjon granodiorite. Note the vertical splitting which 

characterises the failure of this rock type. 

lU. 
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PLATE 4 

Appearance of failed specimens after Brazilian test: 

Finnsjon granodiorite. 



12. 
Table Illa 

Comprehensive data: uniaxial compression tests 

Specimen 
number 

Fracture 
stress oc 

,__ ________ ~---J1Ea_ ___ ---

FI 7.70 Hl 233.0 

FI 8 .·;; Hl r· ;~-~--~;:-_-~:--_ 
·-;·; ;o~-~5 HlT- 254. 2 

FI 31~~~--H,r~§Q~_f ___ 1 
~-;~~ ;o _ ~-,- _:2}_~. 3 _ : I 

FI 130. 10 Hl 256.9 

Young's 
Modulus E 

_ _GE_a_ _____ _ 

87.6 

80.2 

82.8 

79.4 

74.5 

84.5 

Poisson's Failure 
ratio Description 

______ v ________ ~ee.-foo..tnote 

0.23 1 ,_2_ 

0. 18 ___ l ,_2 _ 

l ~0.2~--~- _ 1~ ..... 

0. 17 

0. 17 

1, 2 

FI 248.50 Hl 247.6 83.9 0.22 

~EI 249. 5_Q_J:IL __ 234. 4_ _ ____ _ __ 81. 6_----li------"'o'"'"'. 24 __________ 2 ______________ _ 

FI 315.50 Hl ___ 25J,6 ____________ -8,2__JL __ i----.....-'-'-'----------'------·- -------

FI 317.50 Hl 263.5 ---------.-.~-~-~-~---

FI 443. 0 Hl 

FI 444. 0 Hl 

223.8 

222.4 

Table IIIb 

---1-------"---8 4 • 9 

85.3 

82.8 

0 

Statistical summary, FINNSJtJN Hole l 

Note: l. vertical 

splitting 

2. failure on 

inclined plane (s) 

FI - Hl 

mean 

s. d. 

J ( MPa) 
C 

240.6 

15.2 

I <;.:G~a) ....... 0~20 
I -- ___ 3. 2 __ -- __ --~.: ___ o_'.;2 -



Table IVa 
Comprehensive data: "Brazilian" tests 

Specimen number Failure Load P 

FI 128.0 Hl 

(kN) 

22.86 

23.04 

19.44 

22. 14 

20.88 

Tensile fracture 

(MPa) 

14.0 

14. l 

_ l_l.9 

13. 6 

12.8 

FI 128.0 Hl 16.20 9.9 
-~•-------•---- - •- ••M••• •-

FI 248.4 Hl 21.24 13.0 
., --------~ ----- --

FI 248.4 Hl 21.60 13.3 

FI 317.4 26.10 16.0 

FI 317.4 

r -FI 4~2-:-;- Hl 

,-FI ~~2~~ Hl - __ . 

Table IVb 

,27 .00 

25.74 

17.64 

Statistical summary, FINNSJt5N Hole l. 

"Brazilian" fracture stress oL __ _ 

Rock mean standard 
Type_ (MPa) deviation 

FINNSJUN 13. 48 1.9 4 

Bh l 

13. 



3.3 Blekinge Gneiss 

For the single borehole (BL l) from the Blekinge site, 

uniaxial compression test data is presented in Table Va, 

while Fig 3 shows a typical plot of axial stress against 

axial strain El and radial strain Er. A statistical 

summary of this data appears in Table Vb. 

The complete data for the "Brazilian" tensile tests on the 

rock are given in Table VIa together with a statistical 

summary in Table VIb. 

14 
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Fig 3 TYPICAL STRESS -STRAIN PLOT FROM UNI AXIAL 

COMPRESSION TEST: BLEKINGE GNEISS 



Table Va 

Comprehensive data: Uniaxial compression tests 

Specimen 

number 
Fracture Young~s Poisson~s Failure 

stress 0c Modulus E Ratio Description 

16. 

..__ _____ +---M_P..c.;.a ___ ---""t-GPa _____________ _:.,2 ___ . ___ __,_s~e_e_f_QQ_t_n_ote 

Note: 1. vertical 

splitting 

2. failure 

on inclined 

plane (s) 

Table Vb 

Statistical summary, BLEKINGE hole l 



Table VIa 

Comprehensive data:"Brazilian" tests 

Specimen 
number 

Failure Load 
(kN) 

-----·-----
Tensile fracture 
stress oT 

(MPa) 

BL 106.5 Hl _____ 12.2 __ __________ ____ l___ •. D ________ _ 

J_LlQ 6_S Jil___ _ __ 

BL 106.5 Hl 

BL l 07. l Hl -----------·--·-
BL 278.4 Hl 

BL 278.4 Hl 
-···------ -------·--· 

BL 279. l Hl 
---

BL 412.4 Hl 

BL 412.4 Hl 

BL 414.2 Hl 

BL 414.2 Hl 

Table VIb 

14.0 

----- ~ ----- -~. 10.6 

17.6 in 7 ~- ·- -·-- ·-·--- ·-·· .... ·~·· -···- - ··- . ---~-

22.5 ll. 5 
·---- '••-· --·---·---· -

21. 2 l l. l 
- .. --.. ---- --~ ·----~-

14.9 9.7 

18.0 13. l 

18,. 0 n, 

17. l 11. 7 ..• --- . 

16.7 11. l 

Statistical summary, BLEKINGE hole l 

"Brazilian" fracture stress 0 T 
Rock 
Type 

BLEKINGE 
Bh l 

mean 

(MPa) 

10.75 

]
- standard ··--·

deviation 

-------J-' . -- , .-7~- ..... :. 

------- ----. ·---•--•----. 

l 7. 
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4 DISCUSSION 

For the four rock types investigated both reported here and in 
an earlier report (The mechanical properties of Stripa granite, 
K.8.S. 29:03), the mechanical properties (comprising Youngs Mo
duls, uniaxial compression failure stress, Brazilian tensile 
failure stress and Poisson§ ratio) are collected together in 
Table VII belovt. Considering this data on the basis of either 
the strength classification or the Modulus ratio classifica-
tion of Deere and Miller [lJ for example, it is clear that all 
the rocks in Table VII have a high quality designation. In parti-

Table VII 
Mechanical properties of all the rock types investigated. 

Rock Type Youngs Compression Brazilian Poisson§ 
Modulus, Failure Faii lure Ratio 
GPa stress, MPa stress, MPa 

KRAKEMALA 
GRANITE Hl 61 188 8.9 0.20 
KRAKEMALA 
GRANITE H2 57 153 6.8 0.21 
FINNSJtJN 
GRANO DI OR I TE 83 241 13.5 0.20 
BtEKINGE 

GNEISS 58 169 10.8 0.21 
STRIPA 
GRANITE 69 207 15. 0 0.21 

cular, using the appropriate mechanical properties with refer'
ence to Tables VIII and IX, the quality classification given in 
Table X for each rock type is obtained. 
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Table VIII 
Engineering classification of intact rock on basis of strength [l] 

Class. Description Uni axial compression 
Failure stress MPa 

A Very hioh > 220 

B Hioh no - 220 

C Medium 55 - 110 

D Low 28 - 55 

E Verv low < 28 

Table IX 
Engineering classification of intact rock on basis of Modulus 
Ratio [ l] 

Class Description Modulus ratio -x-

H Hiah > 500 

M Averaqe 200 - 500 

L Low < 200 

* Modulus ratio= E / oc [see l] 

Table X 

Engineering classification of rocks tested. 

Rock type Strenqth cl ass. Modulus ratio class. 
K:1Ak'.n,1AI A H l B M 
KRAKEMALA H?. B M 
FINNSJtlN A M 
BLEKINGE B M 
STRIPA B M 
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