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1. Appendix – Supplementary information 
This appendix contains additional information on Icelandic geology.  

� Typical Tertiary basaltic successions.  

� Difference between Tholeiite & Olivine tholeiite (Olivine Basalt). 
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TYPICAL TERTIARY BASALTIC SUCCESSIONS  

 
Figure 1-1. Typical sequence of rock units in Tertiary basaltic successions in eastern Iceland [Contract 
Documents KAR-14, 2003]. 
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DIFFERENCE BETWEEN THOLEIITE & OLIVINE THOLEIITE 

 

Tholeiite Olivine tholeiite (olivine basalt) 

Very fine grained Coarse grained 

Free olivine crystals are absent Free olivine crystals visible 

Total silica content: 48-50% Total silica content: 46-48% 

Weathered crust, pale brown  Weathered crust, dark brown to deep 
grey 

Spheroidal weathering uncommon  Spheroidal weathering common 

Amygdales rather without zeolites Amygdales bear zeolites  

Well developed flow structures Less developed structures within flows 

Microspores often arranged along sub 
horizontal surface with spacing < 1 cm 
resulting in faint cleavage   

Microspores randomly scattered 
throughout the mass 

Scoriaceous part of tholeiite basalt 
flows: usually 20-30% of the flow 
thickness   

Scoriaceous part of olivine basalt flows: 
usually 5-15% of the flow thickness 

Forms usually single lava flows  Forms both compound and single lava 
flows  

Average thickness of lava flows:11 m Average thickness of lava flows:10 m 

Average width of columns: 2 m  Average width of columns: 1,5-2 m 

Hardness of the dense matrix: I to II* Hardness of the dense matrix: II* 
*Hardness scale ISRM (1975) 

Table 1: Comparison of typical characteristic of Tholeiite and Olivine basalt [Contract Documents KAR-14, 
2003]. 
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2. Appendix – Búðarháls project overview 
This appendix contains information on the Búðarháls hydropower project and geology.  

� Overview of Búðarháls project area. 

� Búðarháls project area, overview with boreholes. 

�  Headrace tunnel -Tectonic fractures and boreholes. 

� Headrace tunnel – Geology –Boreholes map and longitudinal section. 

� Headrace tunnel – Geology – Stratigraphy of boreholes. 

� Headrace tunnel – Geology – Stratigraphy of boreholes.  

� Designed rock support classes for Búðarháls headrace tunnel. 

 

[Contract documents BUD-01-Draft, 2009]   
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OVERVIEW OF BÚÐARHÁLS PROJECT AREA 

 

Figure 2-1. [Landsvirkjun, 2009] 
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Figure 2-2. [Landsvirkjun, 2009] 
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Figure 2-3. Búðarháls project area, overview with boreholes [Hönnun, 2001]. 
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Figure 2-4. Headrace tunnel -Tectonic fractures and boreholes [Hönnun, 2001]. 
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Figure 2-5. Headrace tunnel – Geology –Boreholes map and longitudinal section [Contract documents BUD-01-Draft, 2009].  
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Figure 2-6. Headrace tunnel – Headrace tunnel – Geology – Stratigraphy of boreholes [Contract documents BUD-01-Draft, 2009].  
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Figure 2-7. Headrace tunnel – Headrace tunnel – Geology – Stratigraphy of boreholes [Contract documents BUD-01-Draft, 2009].  
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Figure 2-8. Headrace tunnel – Designed rock support classes for Búðarháls headrace tunnel [Contract documents BUD-01-Draft, 2009].  
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Figure 2-9. Headrace tunnel – Designed rock support classes for Búðarháls headrace tunnel [Contract documents BUD-01-Draft, 2009].  
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3. Appendix – Previous test results and core logs 
This appendix contains results from previous investigation done in Búðarháls. Rock 
quality evaluation, Point load tests from Hönnun 2001 and additional test results from 
2002. Also core logs from boreholes used in the investigation are presented here. 

� Rock Mass Classification and Point Load test results at Búðarháls. 

� Uniaxial Compression test results from Búðarháls 2002.  

� Core logs –from boreholes BH-9, BH-11, BH -12, BH-15 and BH-16. 
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ROCK MASS CLASSIFICATION AND POINT LOAD TEST RESULTS AT BÚÐARHÁLS 
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Rock Mass Classification, Point Load and Slaking Durability tests. The Point Load is achieved using an average of 10 samples which are both tested 
perpendicular and parallel to the core. The point load tests are converted to Uniaxial Compression strength according to Norsk Bergmekanikk Gruppe 
(NBG 200). The multiplication factor K is higher as the rock gets stronger. 
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Búðarháls Hydroelectric Project
Rock Cores - Laboratory Testing /15.04.02

IBRI Project no. H01-1049

IBRI Core Depth Description Length Diam. L/D UCS Youngs Youngs Poission Density Moisture

No Hole (m) Average UCS E-ax E-dia ratio Ssd

Average axial E-modulus (mm) (mm) (MPa) (GPa) (GPa) (kg/m3) (%)

1 BH-15 181,1 Conglomerate 100,01 44,56 2,24 26,44 34,29 95,81 0,36

2 26,4 98,25 44,58 2,20

3 34,3 99,86 44,37 2,25

4 BH-15 202,2 Sandstone -massive 99,52 44,64 2,23 56,62 23,1 89,9 0,26 2.296

5 60,6 100,14 44,67 2,24 74,49 2.208 19,2

6 23,1 99,25 44,66 2,22 50,73 2.203 18,9

7 BH-16 107,0 Conglomerate 100,14 44,66 2,24 39,81 30,4 95,9 0,32 2.461

8 33,2 92,51 44,66 2,07 27,08 2.478 11,5

9 30,4 96,71 44,64 2,17 32,59 2.477 11,7

10 BH-17 198,0 Conglomerate - angular pebbles 100,20 44,64 2,24 47,13 87,1 133,0 0,66 2.287

11 47,9 99,98 44,64 2,24 58,14 2.374 12,9

12 87,1 99,47 44,64 2,23 38,39 2.290 15,7

13 BH-17 208,5 Sandstone - coarse, layered 99,65 44,61 2,23 72,18 60,0 80,1 0,75 2.148

14 61,8 99,78 44,60 2,24 59,97 29,4 68,2 0,43 2.131

15 44,7 100,03 44,64 2,24 53,12 2.235 19,0

16 BH-17 222,5 Conglomerate 96,76 44,58 2,17 35,74 35,7 91,2 0,39 2.358

17 29,1 98,78 44,56 2,22 30,38 45,3 93,9 0,48 2.327

18 40,5 99,30 44,55 2,23 21,24 2.339 15,5

19 BH-17 231,5 Basalt - vesicular 99,33 44,64 2,23 35,42 61,7 2.515

20 38,3 100,30 44,60 2,25 51,22 47,3 69,6 0,68 2.593

21 54,5 99,41 44,66 2,23 28,18 2.488 11,6

22 BH-17 244,1 Sediments - altered 95,06 43,47 2,19 56,70 40,6 85,0 0,48 2.090

23 54,3 99,35 43,04 2,31 53,25 35,6 99,0 0,36 2.017

24 38,1 93,23 43,71 2,13 52,95 2.101 26,2

25 BH-16 102 Basalt 97,86 44,72 2,19 169,69 51,6 88,0 0,59 2.930

26 175,5 98,64 44,72 2,21 161,45 2.923 1,2

27 51,6 98,60 44,76 2,20 195,29 2.931 1,1  
Figure 3-1. [Steingrímsson, 2009] 
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4. Appendix – Selected rock cores 
This appendix contains pictures of rock cores from Búðarháls boreholes.  

� Pictures of core boxes BH-9, BH-11, BH -12, BH-15 and BH-16. 

� Pictures of selected rock cores for the laboratory tests.  
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PICTURES OF CORE BOXES BH-9, BH-11, BH -12, BH-15 AND BH-16 

 
Figure 4-1. Core boxes BH-9, K11-12. Red markings show core samples selected for lab testing. White 
marking shows placement of core samples tested in 2001.  

 
Figure 4-2. Core boxes BH-9, K13-14.
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Figure 4-3. Core boxes BH-11, K1-2. 

 
Figure 4-4. Core boxes BH-11, K3-4.
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Figure 4-5. Core boxes BH-12, K3-4. 

 
Figure 4-6. Core boxes BH-15, K13-14.
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Figure 4-7. Core boxes BH-15, K15-16. 

 
Figure 4-8. Core boxes BH-15, K17-18.
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Figure 4-9. Core boxes BH-16, K7-8. 

 
Figure 4-10. Core boxes BH-16, K9-10.
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Figure 4-11. Core boxes BH-16, K11-12. 
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5. Appendix – Laboratory test results 
This appendix contains results from laboratory tests on selected rock cores from 
Búðarháls, performed at GEO and DTU. 

� Tables showing all laboratory test results. 

� Pictures of samples after Brazil test. 

� Pictures of samples after Uniaxial Compression test.  

� Plots from Unconfined Compression test. 

� Pictures of samples after Triaxial test and failure stresses.  

� Plots from triaxial test.  

� Comparison of laboratory test results and other test results from Iceland.  
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TABLES SHOWING ALL LABORATORY TEST RESULTS  

Sample 

nr.

Bore

hole Depth Lithology Height Diameter D/H Bulk density

Water 

content Porosity Void ratio

Tensile 

strength UCS Brazil Uniax Triax

[-] [-] [m] [-] [cm] [cm] [-] [g/cm3] [%] [%] [-] [MPa] [MPa] [-] [-] [-]

42 BH16 121,89 Tholeiite (Vesicular) 2,284 4,456 1,95 2,665 3,11 0,09 0,09 8,513 X

43 BH16 121,86 Tholeiite (Vesicular) 2,251 4,454 1,98 2,678 3,00 0,08 0,09 8,706 X

44 BH16 121,83 Tholeiite (Vesicular) 2,269 4,453 1,96 2,647 3,16 0,09 0,09 6,567 X

45 BH9 199,02 Altered Olivine Tholeiite 2,190 4,488 2,05 2,690 2,92 0,08 0,09 5,935 X

46 BH15 214,03 Altered Olivine Tholeiite 2,306 4,455 1,93 2,670 3,08 0,08 0,09 8,351 X

47 BH15 213,7 Altered Olivine Tholeiite 2,325 4,467 1,92 2,685 3,06 0,08 0,09 7,096 X

48 BH15 214 Altered Olivine Tholeiite 2,249 4,459 1,98 2,657 3,22 0,09 0,10 7,104 X

49 BH15 214,06 Altered Olivine Tholeiite 2,213 4,459 2,01 2,653 3,17 0,09 0,10 8,984 X

50 BH9 210,47 Altered Olivine Tholeiite 2,251 4,482 1,99 2,616 3,74 0,10 0,11 2,776 X

51 BH9 210,44 Altered Olivine Tholeiite 2,298 4,481 1,95 2,583 4,07 0,11 0,12 5,466 X

52 BH9 210,41 Altered Olivine Tholeiite 2,273 4,466 1,96 2,535 4,85 0,13 0,15 3,603 X

53 BH9 193,34 Scoria 2,309 4,501 1,95 2,475 5,52 0,14 0,17 0,929 X

54 BH15 188,81 Sandstone 2,263 4,464 1,97 2,245 8,99 0,22 0,28 3,540 X

55 BH15 188,78 Sandstone 2,334 4,466 1,91 2,165 10,55 0,26 0,34 3,104 X

56 BH16 107,72 Conglomerate 2,274 4,467 1,96 2,251 8,59 0,21 0,27 2,583 X

57 BH15 189,05 Sandstone 2,308 4,465 1,93 2,189 9,72 0,24 0,31 3,470 X

58 BH15 189,02 Sandstone 2,304 4,465 1,94 2,186 9,84 0,24 0,31 3,542 X

59 BH9 193,05 Scoria 2,272 4,490 1,98 2,397 6,22 0,16 0,19 1,066 X

60 BH9 193,08 Scoria 2,369 4,494 1,90 2,452 5,79 0,15 0,18 0,728 X

61 BH9 193,31 Scoria 2,326 4,505 1,94 2,380 7,01 0,18 0,22 0,483 X

62 BH9 199,26 Scoria 2,295 4,492 1,96 2,216 9,36 0,23 0,30 0,607 X

63 BH9 199,29 Scoria 2,261 4,502 1,99 2,359 7,26 0,18 0,23 0,895 X

64 BH9 191,39 Scoria 2,282 4,497 1,97 2,228 8,69 0,21 0,27 0,914 X

65 BH9 191,42 Scoria 2,278 4,495 1,97 2,251 7,43 0,18 0,22 0,837 X

66 BH9 199,23 Scoria 2,301 4,494 1,95 2,275 8,51 0,21 0,27 0,513 X

67 BH9 198,65 Altered Olivine Tholeiite 2,258 4,481 1,98 2,692 2,75 0,08 0,08 5,375 X  
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Sample 

nr.

Bore

hole Depth Lithology Height Diameter D/H Bulk density

Water 

content Porosity Void ratio

Tensile 

strength UCS Brazil Uniax Triax

[-] [-] [m] [-] [cm] [cm] [-] [g/cm3] [%] [%] [-] [MPa] [MPa] [-] [-] [-]

68 BH9 198,77 Altered Olivine Tholeiite 2,310 4,485 1,94 2,696 2,72 0,08 0,08 5,184 X

69 BH9 198,89 Altered Olivine Tholeiite 2,228 4,493 2,02 2,676 3,14 0,09 0,09 6,778 X

70 BH16 85,52 Tholeiite 2,258 4,478 1,98 2,940 1,66 0,05 0,05 10,260 X

71 BH16 85,55 Tholeiite 2,348 4,476 1,91 2,843 1,89 0,05 0,06 10,815 X

72 BH16 85,58 Tholeiite 2,335 4,480 1,92 2,807 2,07 0,06 0,06 8,747 X

73 BH12 30,61 Rhyolite (inhomogeneous) 2,302 4,470 1,94 1,911 11,31 0,24 0,32 2,312 X

74 BH12 38,68 Rhyolite (inhomogeneous) 2,263 4,471 1,98 1,943 10,71 0,23 0,30 3,064 X

75 BH12 38,71 Rhyolite (inhomogeneous) 2,262 4,470 1,98 1,947 10,89 0,24 0,31 1,627 X

76 BH12 38,74 Rhyolite (inhomogeneous) 2,209 4,471 2,02 1,984 10,08 0,22 0,29 3,662 X

77 BH12 42,01 Rhyolite (inhomogeneous) 2,285 4,472 1,96 2,044 8,72 0,20 0,24 2,156 X

78 BH12 42,31 Rhyolite (inhomogeneous) 2,298 4,473 1,95 1,825 13,27 0,28 0,39 1,005 X

79 BH12 43,77 Rhyolite (inhomogeneous) 2,263 4,475 1,98 1,821 13,41 0,28 0,39 1,557 X

80 BH12 43,8 Rhyolite (inhomogeneous) 2,262 4,477 1,98 1,802 13,84 0,29 0,41 2,121 X

81 BH12 43,95 Rhyolite (inhomogeneous) 2,292 4,478 1,95 1,855 12,16 0,26 0,35 1,457 X

83 BH11 30,02 Rhyolite (homogeneous) 2,218 4,477 2,02 2,145 6,41 0,15 0,17 4,546 X

84 BH11 30,15 Rhyolite (homogeneous) 2,240 4,484 2,00 2,134 7,03 0,16 0,19 4,792 X

85 BH11 30,18 Rhyolite (homogeneous) 2,296 4,486 1,95 2,133 7,26 0,17 0,20 3,921 X

86 BH11 30,21 Rhyolite (homogeneous) 2,284 4,487 1,97 2,123 7,46 0,17 0,21 4,378 X

88 BH16 107,69 Conglomerate 2,291 4,464 1,95 2,202 10,01 0,24 0,32 1,928 X

89 BH16 108,09 Conglomerate 2,231 4,464 2,00 2,323 6,12 0,15 0,18 1,898 X

90 BH16 107,93 Conglomerate 2,238 4,466 2,00 2,148 10,89 0,26 0,36 2,177 X

91 BH16 107,9 Conglomerate 2,308 4,469 1,94 2,205 9,96 0,24 0,32 2,874 X

92 BH16 107,75 Conglomerate 2,330 4,471 1,92 2,389 7,13 0,18 0,22 1,566 X

93 BH16 107,78 Conglomerate 2,306 4,479 1,94 2,223 9,37 0,23 0,30 2,304 X

94 BH15 193,37 Sandstone 2,291 4,468 1,95 2,158 10,46 0,25 0,34 2,856 X

95 BH15 193,49 Sandstone 2,297 4,467 1,94 2,182 9,37 0,23 0,29 3,353 X

96 BH11 30,08 Rhyolite (homogeneous) 2,276 4,481 1,97 2,141 6,84 0,16 0,19 4,159 X

97 BH16 107,95 Conglomerate 2,268 4,469 1,97 2,147 11,04 0,27 0,36 2,710 X  
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Sample nr.

Boreho

le Depth Lithology Height Diameter D/H Bulk density

Water 

content Porosity

Void 

ratio

Tensile 

strength UCS

Elasticity 

modulus E 

(50%)

Poisson ratio 

ѵ

( 50%) Phi c´ Brazil Uniax Triax

[-] [-] [m] [-] [cm] [cm] [-] [g/cm
3
] [%] [%] [-] [MPa] [MPa] [GPa] [-]  [  ̊ ] [MPa] [-] [-] [-]

1 BH16 121,92 Tholeiite (Vesicular) 9,039 4,460 0,49 2,670 3,08 0,08 0,09 89,4 15,21 X

2 BH16 122,01 Tholeiite (Vesicular) 9,003 4,459 0,50 2,625 3,64 0,10 0,11 94,2 15,53 X

3 BH16 122,1 Tholeiite (Vesicular) 9,014 4,459 0,49 2,575 3,61 0,10 0,11 78,6 17,72 X

4 BH9 199,11 Altered Olivine Tholeiite 9,010 4,492 0,50 2,686 2,93 0,08 0,09 79,3 22,08 X

5 BH9 210,23 Altered Olivine Tholeiite 9,025 4,477 0,50 2,594 3,99 0,11 0,12 55,5 18,67 X

7 BH9 199,2 Altered Olivine Tholeiite 9,033 4,485 0,50 2,624 3,78 0,10 0,11 48,2 17,71 X

8 BH15 213,91 Altered Olivine Tholeiite 9,031 4,466 0,49 2,674 3,23 0,09 0,10 93,5 43,48 0,182 78,2 46,2 X

9 BH15 213,73 Altered Olivine Tholeiite 9,077 4,469 0,49 2,698 2,97 0,08 0,09 91,4 25,00 X

10 BH15 213,82 Altered Olivine Tholeiite 9,009 4,468 0,50 2,676 3,11 0,09 0,09 65,0 13,24 X

11 BH9 193,28 Scoria 9,116 4,510 0,49 2,346 7,33 0,19 0,23 7,6 1,36 X

12 BH9 191,51 Scoria 9,071 4,497 0,50 2,257 8,61 0,21 0,27 9,3 2,79 X

13 BH9 198,68 Altered Olivine Tholeiite 9,040 4,487 0,50 2,711 2,55 0,07 0,08 80,7 21,38 X

14 BH9 198,8 Altered Olivine Tholeiite 9,074 4,489 0,49 2,703 2,72 0,08 0,08 78,6 21,91 X

15 BH16 85,4 Tholeiite 9,048 4,477 0,49 2,860 1,93 0,06 0,06 135,7 13,18 X

16 BH16 85,49 Tholeiite 9,021 4,477 0,50 2,866 1,71 0,05 0,05 146,6 14,20 X

18 BH15 188,93 Sandstone 9,040 4,465 0,49 2,212 9,55 0,23 0,30 33,3 6,03 X

19 BH15 193,6 Sandstone 9,046 4,467 0,49 2,202 9,82 0,24 0,32 35,4 6,85 X

20 BH15 193,51 Sandstone 9,027 4,468 0,50 2,248 9,50 0,24 0,31 34,7 6,44 X

21 BH16 108,12 Conglomerate 9,001 4,467 0,50 2,084 12,11 0,29 0,40 18,2 5,22 X

22 BH11 7,77 Rhyolite (homogeneous) 9,029 4,478 0,50 2,387 3,32 0,08 0,09 125,2 22,60 X

23 BH11 30,46 Rhyolite (homogeneous) 9,043 4,483 0,50 2,067 8,70 0,20 0,25 52,4 16,95 0,155 67,9 25,2 X

25 BH12 42,04 Rhyolite (inhomogeneous) 9,022 4,475 0,50 1,983 10,31 0,23 0,30 16,8 5,41 X

26 BH12 38,65 Rhyolite (inhomogeneous) 9,011 4,475 0,50 2,007 9,94 0,22 0,28 24,3 5,98 X

27 BH12 43,92 Rhyolite (inhomogeneous) 8,999 4,482 0,50 1,761 15,20 0,32 0,46 7,1 3,07 X

28 BH12 39,15 Rhyolite (inhomogeneous) 9,008 4,476 0,50 1,903 12,14 0,26 0,36 28,3 7,58 X

29 BH12 43,83 Rhyolite (inhomogeneous) 9,052 4,476 0,49 1,843 13,49 0,29 0,40 8,8 3,45 X

30 BH12 42,22 Rhyolite (inhomogeneous) 9,027 4,470 0,50 1,878 12,87 0,28 0,38 9,0 3,74 X

31 BH12 43,68 Rhyolite (inhomogeneous) 9,044 4,466 0,49 1,783 14,75 0,31 0,45 8,9 3,41 X

32 BH12 42,13 Rhyolite (inhomogeneous) 9,013 4,478 0,50 1,880 12,59 0,27 0,37 19,0 5,77 X

33 BH12 30,52 Rhyolite (inhomogeneous) 8,999 4,473 0,50 1,918 11,93 0,26 0,35 36,0 11,76 0,163 63,4 17,0 X

34 BH11 7,86 Rhyolite (homogeneous) 9,020 4,480 0,50 2,380 3,49 0,09 0,09 116,2 27,09 X

35 BH11 7,95 Rhyolite (homogeneous) 8,984 4,480 0,50 2,376 3,42 0,08 0,09 135,6 11,50 X

36 BH15 193,4 Sandstone 9,014 4,470 0,50 2,213 9,72 0,24 0,31 32,7 7,36 X

37 BH16 107,51 Conglomerate 9,059 4,459 0,49 2,224 9,91 0,24 0,32 19,1 6,91 X

38 BH16 107,6 Conglomerate 9,044 4,466 0,49 2,134 11,35 0,27 0,38 10,7 4,21 X

39 BH16 107,81 Conglomerate 9,008 4,469 0,50 2,301 8,99 0,23 0,29 39,4 16,13 0,116 64,6 18,7 X

40 BH16 108,04 Conglomerate 9,044 4,465 0,49 2,199 10,40 0,26 0,34 20,7 7,22 X

41 BH16 108,3 Conglomerate 9,044 4,465 0,49 2,108 11,62 0,28 0,38 11,5 3,28 X  
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PICTURES OF SAMPLES AFTER BRAZIL TEST 

 
Nr. 42: Tholeiite (vesicular) σt = 8,51 MPa. 

 
Nr. 43: Tholeiite (vesicular) σt = 8,71 MPa. 

 

Nr. 44: Tholeiite (vesicular) σt = 6,57 MPa. 

 

Nr. 45: Altered olivine tholeiite σt = 5,94 MPa. 

 

Nr. 46: Altered olivine tholeiite σt = 8,351 MPa. 

 

Nr. 47: Altered olivine tholeiite σt = 7,10 MPa. 

 

Nr. 48: Altered olivine tholeiite σt = 7,10 MPa. 
 

Nr. 49: Altered olivine tholeiite σt = 8,98 MPa. 
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Nr. 50: Altered olivine tholeiite σt = 2,78 MPa. 

 

Nr. 51: Altered olivine tholeiite σt = 5,47 MPa. 

 

Nr. 52: Altered olivine tholeiite σt = 3,60 MPa. 
 

Nr. 53: Scoria σt = 0,929 MPa. 

 

Nr. 54: Sandstone σt = 3,54 MPa. 
 

Nr. 55: Sandstone σt = 3,10 MPa. 

 

Nr. 56: Conglomerate σt = 2,58 MPa. 

 

Nr. 57: Sandstone σt = 3,47 MPa. 
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Nr. 58: Sandstone σt = 3,54 MPa. 
 

Nr. 59: Scoria σt = 1,07 MPa. 

 

Nr. 60: Scoria σt = 0,73 MPa. 

 

Nr. 61: Scoria σt = 0,48 MPa. 

 

Nr. 62: Scoria σt = 0,61 MPa. 

 

Nr. 63: Scoria σt = 0,90 MPa. 

 

Nr. 64: Scoria σt = 0,91 MPa. 
 

Nr. 65: Scoria σt = 0,84 MPa. 
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Nr. 66: Scoria σt = 0,51 MPa. 
 

Nr. 67: Altered olivine tholeiite σt = 5,38 MPa. 

 

Nr. 68: Altered olivine tholeiite σt = 5,18 MPa. 

 

Nr. 69: Altered olivine tholeiite σt = 6,78 MPa. 

 

Nr. 70: Tholeiite σt = 10,26 MPa. 
 

Nr. 71: Tholeiite σt = 10,82 MPa. 

 

Nr. 72: Tholeiite σt = 8,75 MPa. 

 

Nr. 73: Rhyolite (inhomogeneous) σt = 2,31 MPa. 
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Nr. 74: Rhyolite (inhomogeneous) σt = 3,06 MPa. 
 

Nr. 75: Rhyolite (inhomogeneous) σt = 1,63 MPa. 

 

Nr. 76: Rhyolite (inhomogeneous) σt = 3,66 MPa. 

 

Nr. 77: Rhyolite (inhomogeneous) σt = 2,16 MPa. 

 

Nr. 78: Rhyolite (inhomogeneous) σt = 1,01 MPa. 

 

Nr. 79: Rhyolite (inhomogeneous) σt = 1,56 MPa. 

 

Nr. 80: Rhyolite (inhomogeneous) σt = 2,12 MPa. 
 

Nr. 81: Rhyolite (inhomogeneous) σt = 1,46 MPa. 
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Nr. 82: Rhyolite (inhomogeneous) Test failure. 
 

Nr. 83: Rhyolite (homogeneous) σt = 4,55 MPa. 

 

Nr. 84: Rhyolite (homogeneous) σt = 4,79 MPa. 
 

Nr. 85: Rhyolite (homogeneous) σt = 3,92 MPa. 

 

Nr. 86: Rhyolite (homogeneous) σt = 4,38 MPa. 
 

Nr. 87: Rhyolite (homogeneous) σt = 2,61 MPa. 

 

Nr. 88: Conglomerate σt = 1,93 MPa. 
 

Nr. 89: Conglomerate σt = 1,90 MPa. 
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Nr. 90: Conglomerate σt = 2,78 MPa. 

 

Nr. 91: Conglomerate σt = 2,87 MPa. 

 

Nr. 92: Conglomerate σt = 1,57 MPa. 
 

Nr. 93: Conglomerate σt = 2,30 MPa. 

 

Nr. 94: Sandstone σt = 2,86 MPa. 

 

Nr. 95: Sandstone σt = 3,35 MPa. 

 

Nr. 96: Rhyolite (homogeneous) σt = 4,16 MPa. 

 

Nr. 97: Conglomerate σt = 2,71 MPa. 
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PICTURES OF SAMPLES AFTER UNIAXIAL COMPRESSION TEST 

 

Nr. 1: Tholeiite (vesicular) σc = 89,4 MPa. 

 

Nr. 2: Tholeiite (vesicular) σc = 94,2 MPa. 

 

Nr. 3: Tholeiite (vesicular) σc = 78,6 MPa. 

 

Nr. 4: Altered olivine tholeiite σc = 79,3 MPa. 

 

Nr. 5: Altered olivine tholeiite σc = 55,5 MPa. 

 

Nr. 6: Altered olivine tholeiite σc = 29,3 MPa. 
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Nr. 7: Altered olivine tholeiite σc = 48,2 MPa.  

 

Nr. 9: Altered olivine tholeiite σc = 91,4 MPa. 

 

Nr. 10: Altered olivine tholeiite σc = 65,0 MPa. 

 

Nr. 11: Scoria σc = 7,6 MPa. 

 

Nr. 12: Scoria σc = 9,3 MPa. 

 

Nr. 13: Altered olivine tholeiite σc = 80,7 MPa. 
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Nr. 14: Altered olivine tholeiite σc = 78,6 MPa. 

 

Nr. 15: Tholeiite σc = 135,7 MPa. 

 

Nr. 18: Sandstone σc = 33,3 MPa. 

 

Nr. 19: Sandstone σc = 35,4 MPa. 

 

Nr. 20: Sandstone σc = 34,7 MPa. 

 

Nr. 21: Conglomerate σc = 33,3 MPa.  
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Nr. 22: Rhyolite (homogeneous) σc = 125,2 MPa. 

 

Nr. 24: Rhyolite (homogeneous) σc = 41,9 MPa. 

 

Nr. 25: Rhyolite (inhomogeneous) σc = 16,8 MPa. 

 

Nr. 26: Rhyolite (inhomogeneous) σc = 24,3 MPa. 

 

Nr. 27: Rhyolite (inhomogeneous) σc = 7,1 MPa. 

 

Nr. 28: Rhyolite (inhomogeneous) σc = 28,3 MPa. 
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Nr. 29: Rhyolite (inhomogeneous) σc = 8,8 MPa. 

 

Nr. 30: Rhyolite (inhomogeneous) σc = 9,0 MPa. 

 

Nr. 31: Rhyolite (inhomogeneous) σc = 8,9 MPa. 

 

Nr. 32: Rhyolite (inhomogeneous) σc = 19,0 MPa. 

 

Nr. 36: Sandstone σc = 32,7 MPa. 

 

Nr. 37: Conglomerate σc = 19,1 MPa. 
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Nr. 38: Conglomerate σc = 10,7 MPa. 

 

Nr. 40: Conglomerate σc = 20,7 MPa. 

 

Nr. 41: Conglomerate σc = 11,5 MPa. 

 

Nr. 16: Tholeiite σc = 11,5 MPa. 

 

Nr. 34: Rhyolite (homogeneous) σc = 116,2 MPa.  
Nr. 35: Rhyolite (homogeneous) σc = 135,6 MPa. 
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PLOTS FROM UNCONFINED COMPRESSION TEST 

 
Nr. 1: Tholeiite (vesicular) σc = 89,4 MPa,  

E-modulus = 15,21 GPa. 

 
Nr. 2: Tholeiite (vesicular) σc = 94,2 MPa,  

E-modulus = 15,53 GPa. 

 
Nr. 3: Tholeiite (vesicular) σc = 78,6 MPa,  

E-modulus = 17,72 GPa. 

 
Nr. 4: Altered olivine tholeiite σc = 79,3 MPa,  

E-modulus = 22,08 GPa. 

 
Nr. 5: Altered olivine tholeiite σc = 55,5 MPa,  

E-modulus = 18,67 GPa. 

 
Nr. 6: Altered olivine tholeiite σc = 29,3 MPa,  

E-modulus = 14,11 GPa. 
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Nr. 7: Altered olivine tholeiite σc = 48,2 MPa,  
E-modulus = 17,71 GPa.  

 

Nr. 9: Altered olivine tholeiite σc = 91,4 MPa,  
E-modulus = 25,00 GPa. 

 

Nr. 10: Altered olivine tholeiite σc = 65,0 MPa,  
E-modulus = 13,24 GPa. 

 

Nr. 11: Scoria σc = 7,6 MPa,  
E-modulus = 1,36 GPa. 

 

Nr. 12: Scoria σc = 9,3 MPa,  
E-modulus = 2,79 GPa. 

 

Nr. 13: Altered olivine tholeiite σc = 80,7 MPa,  
E-modulus = 21,38 GPa. 
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Nr. 14: Altered olivine tholeiite σc = 78,6 MPa,  

E-modulus = 21,91 GPa. 

 

Nr. 15: Tholeiite σc  = 135,7 MPa,  
E-modulus = 13,18 GPa.  

 

Nr. 18: Sandstone σc = 33,3 MPa,  
E-modulus = 6,03 GPa. 

 

Nr. 19: Sandstone σc = 35,4 MPa,  
E-modulus = 6,85 GPa. 

 

Nr. 20: Sandstone σc = 34,7 MPa,  
E-modulus = 6,44 GPa. 

 

Nr. 21: Conglomerate σc = 33,3 MPa,  
E-modulus = 5,22 GPa.  
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Nr. 22: Rhyolite (homogeneous) σc = 125,2 MPa,  
E-modulus = 22,60 GPa. 

 

Nr. 24: Rhyolite (homogeneous) σc = 41,9 MPa,  
E-modulus = 10,18 GPa. 

 

Nr. 25: Rhyolite (inhomogeneous) σc = 16,8 MPa,  
E-modulus = 5,41 GPa. 

 

Nr. 26: Rhyolite (inhomogeneous) σc = 24,3 MPa,  
E-modulus = 5,98 GPa. 

 

Nr. 27: Rhyolite (inhomogeneous) σc = 7,1 MPa,  
E-modulus = 3,07 GPa. 

 

Nr. 28: Rhyolite (inhomogeneous) σc = 28,3 MPa,  
E-modulus =7,58 GPa. 
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Nr. 29: Rhyolite (inhomogeneous) σc = 8,8 MPa,  
E-modulus = 3,45 GPa. 

 

Nr. 30: Rhyolite (inhomogeneous) σc = 9,0 MPa,  
E-modulus = 3,74 GPa. 

 

Nr. 31: Rhyolite (inhomogeneous) σc = 8,9 MPa,  
E-modulus = 3,41 GPa.. 

 

Nr. 32: Rhyolite (inhomogeneous) σc = 19,0 MPa,  
E-modulus = 5,77 GPa. 

 

Nr. 36: Sandstone σc = 32,7 MPa,  
E-modulus = 7,36 GPa. 

 

Nr. 37: Conglomerate σc = 19,1 MPa,  
E-modulus = 6,91 GPa. 
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Nr. 38: Conglomerate σc = 10,7 MPa,  
E-modulus = 4,21 GPa. 

 

Nr. 40: Conglomerate σc = 20,7 MPa,  
E-modulus = 7,22 GPa. 

 

Nr. 41: Conglomerate σc = 11,5 MPa,  
E-modulus = 3,28 GPa. 
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Nr. 16: Tholeiite σc = 11,5 MPa,  
E-modulus = 14,20 GPa. 

y = 270,9x - 21,361
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Nr. 34: Rhyolite (homogeneous) σc = 116,2 MPa,  
E-modulus = 27,09 GPa. 

y = 114,79x - 39,056
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Nr. 35: Rhyolite (homogeneous) σc = 135,6 MPa,  
E-modulus = 11,50 GPa. 
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PHOTOS OF SAMPLES AFTER TRIAXIAL TEST 

 
Nr. 8: Altered olivine tholeiite 
Failure at: σ1 = 93,48 MPa and σ3 = 1,00 MPa 

 

 
Nr. 23: Rhyolite (homogeneous) 
Failure at: σ1 = 52,39 MPa and σ3 = 2,00 MPa 

 
 

 
Nr. 33: Rhyolite (inhomogeneous) 
Failure at: σ1 = 36,04 MPa and σ3 = 2,01 MPa 

 

 

 
Nr. 39: Conglomerate 
Failure at: σ1 = 39,40 MPa and σ3 = 2,00 MPa 
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RESULTS PLOTS FROM TRIAXIAL TESTS 

Sample 8 - Altered olivine tholeiite: 

y = 0,0023x - 0,0061
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E-modulus = 43,48 GPa. 

y = -5,5027x + 0,738
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Poissons ratio = 0.182 

 
Poisson ratio = 0,182 
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Sample 23 – Rhyolite (homogeneous): 

y = 0,0059x + 0,0009
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E-modulus = 16,95 GPa. 

y = -6,4699x + 0,7126
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Poisson ratio = 0,155 
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Sample 33 – Rhyolite (inhomogeneous): 

y = 0,0085x + 0,0246

-0,05

0

0,05

0,1

0,15

0,2

0,25

0,3

0,35

0,4

0,45

0 5 10 15 20 25 30 35 40

A
x
ia

l 
s
tr

a
in

 M
T

S
 (
%

)

Vertical load (MPa)

Axial A

Axial B

Average

Youngs modulus

Linear (Youngs modulus)

 
E-modulus = 11,76 GPa. 

y = -6,1487x + 0,6876
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Poisson ratio = 0,163 
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Sample 39 – Conglomerate: 

y = 0,0062x - 0,0232
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E-modulus = 39,40 GPa. 

y = -8,5976x + 0,315
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Poisson ratio = 0,116 
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COMPARISON OF LABORATORY TEST RESULTS AND OTHER TEST 
RESULTS FROM ICELAND. 
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Figure 5-1. Uniaxial Compression tests vs. bulk density for volcanic and sedimentary rocks in Iceland. 
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Figure 5-2. Brazil tests vs. bulk density for volcanic and sedimentary rocks in Iceland. 
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Figure 5-3. E-modulus vs. bulk density for volcanic and sedimentary rocks in Iceland. 
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6. Appendix – Numerical analysis 
This appendix contains pictures further results from the numerical analysis as well as 
some results from the sensitivity analysis. 

� Figures from the results of numerical analysis 

� Discussion on results 

� Sensitivity analysis, figures and results 
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RHYOLITE 

Results from the rhyolite numerical analysis are shown here in figures and tables. 
 

Rhyolite

Base GSI Min GSI Base GSI Min GSI

Total displacement 0,01609 0,01831 0,02436 0,02763

Yielded elements 216 291 256 325

Yielded bolt el. 50 60 48 66

Yielded liner el. 2 2 32 34

RSC 3 RSC 2

 
Table 2. Results from the rhyolite, total displacement is in meters. 

 

The following 4 figures show results from using RSC2 to support the rhyolite section. 
 

 

Figure 6-1. Strength factor, GSI base, RSC 2. 
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Figure 6-2. Strength factor, GSI min, RSC 2. 

 

Figure 6-3. Total displacement, GSI base, RSC 2, max displacement is 24 mm. 
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Figure 6-4. Total displacement, GSI min, RSC 2, max displacement is 27 mm. 
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DEEPEST CROSS-SECTION 

Results from the deepest cross-section numerical analysis are shown here in figures and 
tables. Also shown are two results from the sensitivity analysis. The Poisson´s ratio test 
and the Elastic modulus test. In the Poisson´s ratio test the ratio in the tholeiite was set 
to 0,25. In the Elastic modulus test the elastic modulus for the materials was set to twice 
the used values. 
 
Deepest RSC 3 extra

Base GSI Min GSI Base GSI Min GSI Base GSI

Total displacement 0,02565 0,02345 0,03419 0,03002 0,02197

Yielded elements 827 932 878 998 805

Yielded bolt el. 124 148 123 180 106

Yielded liner el. 14 16 40 56 2

RSC 3 RSC 2

 
Table 3. Results from the deepest cross-section, total displacement is in meters.  

 
Deepest RSC 3 (poisson test) RSC 3 (E test)

Base Base

Total displacement 0,02818 0,01331

Yielded elements 826 859

Yielded bolt el. 123 106

Yielded liner el. 14 0  
Table 4. Results from the sensitivity analysis. 
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The following 4 figures show an attempt to support this cross-section with RSC 2. 
 

 
Figure 6-5. Strength factor,GSI base, RSC 2. 

 

 
Figure 6-6. Strength factor, GSI min, RSC 2. 
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Figure 6-7. Total displacement, GSI base, RSC 2, max displacement is 34 mm. 

 

 
Figure 6-8. Total displacement, GSI min, RSC 2, max displacement is 30 mm. 
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The following 2 figures show how the cross-section was modeled with extra support in the 
walls. Up to 200 mm thick shotcrete was used. 
 

 
Figure 6-9. Strength factor, GSI min, RSC 3 with extra support (200 mm shotcrete) in tunnel walls.  

 

 
Figure 6-10. Total displacement, GSI min, RSC 3 with extra support in tunnel walls (200 mm shotcrete) 
max displacement is 22 mm. 
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Figure 6-11. Strength factor, GSI min, load split 70-30 tested. It clear that the cross-section has collapsed in 
several places. 

TYPICAL ICELANDIC CROSS-SECTION 

Results from the typical Icelandic cross-section numerical analysis are shown here in 
figures and tables. Also some results from the sensitivity analysis on UCS and mi is 
shown. In the UCS test the average values from the laboratory results were used. In the 
mi test the default values recommended by Phase2 were used. 
 

Typical Icelandic RSC extra

Base GSI Min GSI Min GSI

Total displacement 0,01542 0,014792 0,01352

Yielded elements 605 851 832

Yielded bolt el. 58 69 68

Yielded liner el. 4 6 0

RSC 3

 
Table 5. Results from the typical Icelandic cross-section, total displacement is in meters. 
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Typical Icelandic RSC 3 (UCS test) RSC 3 (mi test)

Base GSI Base GSI

Total displacement 0,01319 0,01115

Yielded elements 800 796

Yielded bolt el. 64 37

Yielded liner el. 0 0  
Table 6. Some results from the sensitivity analysis. 

 
Figure 6-12. Strength factor,GSI min, RSC 3 with extra support (150 mm shotcrete) in tunnel walls.  

 



Master’s Thesis  6. Appendix – Numerical analysis 

Hallgrímur Örn Arngrímsson 105 DTU-Byg & HÍ 2009 
Þorri Björn Gunnarsson 
 

 
Figure 6-13. Total displacement, GSI min, RSC 3 with extra support in tunnel walls (150 mm shotcrete) 
max displacement is 13 mm. 

 

 
Figure 6-14. Strength factor, GSI min, RSC 3, mi tested with default values recommended by Phase2.  
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Figure 6-15. Total displacement, GSI min, RSC 3, mi tested with default values recommended by Phase2, 
max displacement is 11 mm.  
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Here below are figures that show testing done with k0 = 1. This was done to demonstrate 
how important it is to choose this value correctly. 
 

 
Figure 6-16. Strength factor, GSI min, RSC 3, testing of k0 = 1.  

 
Figure 6-17. Total displacement, GSI min, RSC 3, testing of k0 = 1, max displacement is 11 mm. 


