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Abstract 

This Master´s Thesis studies the applicability of existing numerical model to predict 

the conditions in the drifts at the mine. Damage mapping, covering the existing produc-

tion levels, has been carried out to study the condition of the surface support, i.e. shot-

crete, mesh and rock bolts to quantify the amount of deformation visible in the tunnels. 

Irregularities in the floor levels were also mapped. 

The rock support applied varies between different areas, from only a layer of shotcrete 

to areas where shotcrete, mesh and cable bolts are applied sequentially. The large 

amount of support in some regions is required because of high in situ rock stresses in 

Kemi Mine. The geological conditions are challenging, with large local variation mak-

ing efficient supporting and damage prediction difficult. Access drifts at the mine have 

varying service times, on average 6 years, which is a long time in a difficult environ-

ment.  

The results from this work are a mine specific damage classification, used in the map-

ping to capture the range of damages seen on site. A reoccurrence of same areas show-

ing damages on several production levels is noted. Digitized versions of the damage 

maps were made and these have been compared to simulation results. The comparisons 

were made to plots of deviatoric strain, deviatoric stress and total displacement. 

Based on the work done during this project it can be concluded that the studied param-

eters have varying levels of agreement with the drifts, both when comparing the levels 

with each other and the results in the same level between spring and autumn. The best 

agreement is found with the deviatoric strain increment and the yielded elements. Rock 

mechanics and geological reasons for the variations seen between the mapping results 

and the simulations results can be further studied in the future, as can the alternatives 

for increasing the accuracy through changes in the numerical model or model type used 

for comparison.  

Key-words: Rock mechanics, field damage investigation, damage mapping, evaluation, 

numerical model, mining 

  



Sammanfattning  

Detta examensarbete studerar användbarheten av den existerande numeriska modellen 

för att förutsäga förhållandena i gruvorterna. Skadekartering av de täckande installat-

ionerna i orterna har utförts på produktionsnivåerna. Utvärdering av installationer i or-

tarna; sprutbetong, stålnät och bultar har genomförs för att okulärt uppskatta synliga 

deformationer. Ojämnheter som har uppsåt i golvet är också noterade i skadekarte-

ringen. 

Förstärkningen varierar från områden var endast sprutbetong applicerats, till ställen där 

sprutbetong, armeringsnät och bultar installerats i omgångar. Den stora mängden för-

stärkning som installerats är nödvändig på grund av höga in-situ spänningar i berggrun-

den i Kemigruvan. De geologiska förhållandena är svåra, med stora lokala variationer 

vilket försvårar försvårar en effektiv förstärkningsstrategi och gör förutseendet av ska-

dor svårt. Huvudorterna används snitt 6 år, vilket länge under krävande omständighet-

erna om råder.  

Detta arbete har resulterat i en gruvspecifik skadeklassificering, som använts vid karte-

ring för att få med hela skalan av förekommande skador. Ett mönster med återkom-

mande stabilitetsproblem i samma område på flera nivåer är märkbart. Digitala vers-

ioner av kartorna har gjorts, vilka sedan jämförts med resultat från simuleringen. Jäm-

förelsen är gjord med deviatorisk skjuvning, deviatorisk stress och den totala deform-

ationen.  

Från arbetet under projektet kan slutsatsen om att de olika studerade parametrarna över-

ensstämmer i olika grad med gruvorterna för de undersöka produktionsnivåerna under 

våren och hösten dras. Den bästa överensstämmelsen hittas med deviatorisk skjuvning 

och de elementen som har gått i brott. Bergmekaniska och geologiska orsaker till vari-

ationerna som ses mellan kartläggningsresultaten och simuleringsresultaten kan stude-

ras ytterligare i framtiden, liksom alternativen för att öka noggrannheten genom för-

ändringar i den numeriska modellen. 



Table of Contents 

 
1 Introduction .......................................................................................................... 8 

1.1 Background .................................................................................................... 8 

1.2 Goal ................................................................................................................ 9 

1.3 Scope .............................................................................................................. 9 

1.4 Delimitations .................................................................................................. 9 

2 Site Information and Mining in Squeezing Ground Conditions ................... 10 

2.1 Geology ........................................................................................................ 14 

2.2 Rock Mechanics ........................................................................................... 14 

2.3 Squeezing Ground Conditions ..................................................................... 15 

2.4 Ground and Surface Support in Squeezing Ground Conditions .................. 18 

2.5 Ground Support Used at Kemi Mine ........................................................... 19 

3 Numerical Model ................................................................................................ 22 

3.1 Numerical modelling of rock mass .............................................................. 22 

3.2 Numerical Software 3DEC .......................................................................... 23 

3.3 Model geometry and boundary conditions .................................................. 23 

3.4 Constitutive model and parameters for the global model at Kemi Mine ..... 26 

4 Method ................................................................................................................ 28 

4.1 Data collection ............................................................................................. 28 

4.1.1 Monitoring done at Kemi Mine ................................................................ 28 

4.1.2 Stress measurement results ...................................................................... 28 

4.1.3 Results from deformation measurement with tacheometers .................... 32 

4.1.4 Results from measurements from instrumented bolts .............................. 32 

4.2 Damage mapping ......................................................................................... 34 

4.3 Damage mapping at Kemi Mine .................................................................. 36 

4.4 Evaluating accuracy of numerical model ..................................................... 40 

4.5 Process description....................................................................................... 40 

5 Results and Analysis .......................................................................................... 41 

5.1 Evaluating accuracy of numerical model ..................................................... 41 

5.1.1 Case 1: 20-22 area in 275 level ............................................................... 45 

5.1.2 Case 2: 22-23 area in 325 level ............................................................... 47 

5.2 Process description for improving accuracy ................................................ 51 

6 Discussion............................................................................................................ 52 

6.1 Damage mapping ......................................................................................... 52 



6.2 Evaluation of numerical model .................................................................... 52 

7 Conclusion and Further Work ......................................................................... 54 

7.1 Conclusion ................................................................................................... 54 

7.1.1 Damage mapping ..................................................................................... 54 

7.1.2 Evaluation of numerical model ................................................................ 54 

7.2 Further Work ................................................................................................ 54 

7.2.1 Suggestions on improving damage mapping ........................................... 54 

7.2.2 Suggestions on improving numerical modelling and comparison ........... 55 

8 References ........................................................................................................... 56 

 

Appendices 

Appendix A: Parameters in the 3DEC model 

Appendix B: Damage mapping – February 

Appendix C: Surpac maps – February 

Appendix D: Results from numerical model – February 

Appendix E: Damage mapping  – April 

Appendix F: Surpac maps – April 

Appendix G: Damage mapping – July-October 

Appendix H: Surpac maps – July-October 

Appendix I: Results from numerical model – July-September 

Appendix J: Evaluation of simulation results 

 

List of figures 
Figure 1. Simplified longitudinal cross-section (Outokumpu Chrome Oy, 2018). ..... 10 

Figure 2. The different sections of the mine, where the different access tunnel types 

are marked. ................................................................................................................... 11 

Figure 3. Stope arrangement between primary (grey) and secondary (brown) stopes 

(Outokumpu Chrome Oy, 2018). View towards the footwall side. ............................. 12 

Figure 4. Backfill with waste rock where the first section is filled with slurry to the 

backfilling drift level. The view is parallel to crosscut excavation direction. ............. 12 

Figure 5. Directions of mining progress in Surmaoja (plot above of 525-level). Area 

number 1 is where mining starts in a new level, followed by number 2, 3 etc. ........... 13 

Figure 6. Directions of mining progress in EL and PV. .............................................. 13 

Figure 7. The occurrence of different rock types. ........................................................ 14 

Figure 8. Tunneling problems associated with different levels of strain (Hoek, 2001)

...................................................................................................................................... 17 

Figure 9. Three failure mechanisms in squeezing ground (Aydan, et al., 1993). ........ 17 

Figure 10.  Access drift profile p2501, 25 m2 (Pöyry Finland Oy, 2018). .................. 20 

Figure 11. Access drift profile p3001, 30 m2 (Pöyry Finland Oy, 2018). ................... 20 

Figure 12. Cable bolt pattern for access drift that is excavated in the “basement” rock 

(Outokumpu Chrome Oy, 2018). ................................................................................. 20 

Figure 13. Cable bolt installation pattern for narrow crosscut (25m2), with no planned 

stope (Outokumpu Chrome Oy, 2018)......................................................................... 21 

Figure 14. Cable bolt installation pattern for narrow crosscut (25m2), with planned 

stope (Outokumpu Chrome Oy, 2018)......................................................................... 21 



Figure 15. Cable bolt installation pattern for wide crosscut p4102 (41m2), with no 

planned stope. Roof height, H= 6.0 m, radius of roof curvature rr= 4.0 m, radius of 

curvature in lower corners rf=6.3 m and width of tunnel W=8.45 m (Outokumpu 

Chrome Oy, 2018). ...................................................................................................... 21 

Figure 16. Cable bolt installation pattern for wide crosscut (41m2), with planned stope 

(Outokumpu Chrome Oy, 2018). ................................................................................. 21 

Figure 17. The numerical model seen from above. The arrows to the right show 

direction of the stresses (Pöyry Finland Oy, 2018)...................................................... 24 

Figure 18. Section A-A. A figure of the model seen from the east.  Light grey = 

granitic basement, blue = mylonite, yellow=talc-carbonate/ore, pink=serpentinite 

(Pöyry Finland Oy, 2018). 24 

Figure 19. The stopes included in the numerical model within the orebodies (Pöyry 

Finland Oy, 2018). Blue = Surmaoja, green = Elijärvi and orange is Pohjois-Viia. ... 25 

Figure 20. Locations of taken stress measurements underground between levels 275–

550. The plot is for the tunnels at 475-level. See Table 10 and Table 11 for results. . 29 

Figure 21. Stress measurement result graph with magnitude displayed as a function of 

depth in the footwall granite. The results have been sectioned by orebody. SH – major 

horizontal stress, sh – minor horizontal stress and sv – vertical stress. ....................... 31 

Figure 22. Tacheometer measurement results from the period 4.5-16.7.2018 (Pöyry 

Finland Oy, 2018). ....................................................................................................... 32 

Figure 23. Installation points for CaviCom bolts in 325-level (Outokumpu Chrome 

Oy, 2018). .................................................................................................................... 33 

Figure 24. CaviCom reader attched to cable bolt with installed elongation 

measurement wire (photographed by Jens Eliasson). .................................................. 33 

Figure 25. Measured elongation of CaviCom bolts until 12.9.2018 (Unit: mm)......... 33 

Figure 26. Mapping sheet used at Zinkgruvan (Sjöberg & Tillman, 1990). ................ 34 

Figure 27. Damage mapping made by the rock mechanics engineer Marko Matinlassi 

in 2017 at Elijärvi (Outokumpu Chrome Oy, 2018). The yellow lines mark the zone of 

mylonite. ...................................................................................................................... 36 

Figure 28. An example of the maps digitized in Surpac (SO 525 – February). ........... 41 

Figure 29. Total displacement (Pöyry Finland Oy, 2018). .......................................... 41 

Figure 30. Deviatoric stress (Pöyry Finland Oy, 2018).. ............................................. 42 

Figure 31. Deviatoric strain (Pöyry Finland Oy, 2018).. ............................................. 42 

Figure 32. GSI rating for the studied area on 275 level. .............................................. 45 

Figure 33. GSI evaluation made by the mine geologist. The location of the 

instrumented bolt is circled in blue. ............................................................................. 48 

Figure 34. Process description for improving accuracy of a numerical model. .......... 51 

 

List of tables  

Table 1: Description and division of work included in the scope. ................................. 9 

Table 2: Notation principles for stopes. Elijärvi (EJ) is divided to east (EL) and west 

side (EE).  The numbers increase from east to west. ................................................... 11 

Table 3: Stope and pillar widths used. Pillar width between primary and secondary 

stopes............................................................................................................................ 12 

Table 4: The measured qualities of the rock types (based on average values in the 

drillcore database) (Outokumpu Chrome Oy, 2018). .................................................. 15 

Table 5: Categories of squeezing ground based on foliation thickness (Potvin & 

Hadjigeorgiou, 2008). .................................................................................................. 17 



Table 6: Support used in mines operating under squeezing rock conditions (Potvin & 

Hadjigeorgiou, 2008). .................................................................................................. 18 

Table 7: Coordinates for model boundaries (data from Pöyry Finland Oy, 2018). ..... 23 

Table 8. Stress magnitude and direction (data from Pöyry Finland Oy, 2018). .......... 25 

Table 9: Main parameters used in the model (data from Pöyry Finland Oy, 2018). ... 26 

Table 10: Stress measurements made at Kemi mine (data from Outokumpu Chrome 

Oy, 2018). .................................................................................................................... 29 

Table 11: Rock elasticity parameters used in stress measurements. ............................ 31 

Table 12: Damage levels for an assumed 5 m wide tunnel (Sandy, et al., 2010) 

(Karampinos, 2016) ..................................................................................................... 35 

Table 13: Water leakage classification ........................................................................ 37 

Table 14: Damage classification of tunnels at Kemi mine, modified after Sandy et al. 

2010 (Table 12). ........................................................................................................... 38 

Table 15: Marking method in the hand drawn maps ................................................... 39 

Table 16: Colour codes in digitized damage maps ...................................................... 39 

Table 17: Comparison between damage mapping and simulation results. Yielded rock 

is included in the evaluation of the agreement of the deviatoric strain increment. If 

crossings have worse classifications than the surrounding drifts, these are excluded 

from comparison. A=access drift, C=Crosscut ............................................................ 43 

Table 18: Colour grading for the comparison to the numerical model. ....................... 43 

Table 19: Expected modeling results for developed tunnels compared to the used 

damage class rating from mapping. ............................................................................. 43 

Table 20. Damage mapping and simulation results of deviatoric strain (yielded rock 

mass in grey in spring and in lilac in autumn), displacement and deviatoric stress 

(order from top to bottom) in 21yhp1 and 21yhp2-275. .............................................. 45 

Table 21: Comparison of simulated, measured and visually estimated deformation. . 47 

Table 22: Damage mapping and simulation results of deviatoric strain (yielded rock 

mass in grey in spring and in lilac in autumn), displacement and deviatoric stress 

(order from top to bottom) in 23yhp2-325. .................................................................. 49 

Table 23: Comparison of the measured, observed and simulated results. ................... 50 

Notations / Abbreviations 

Mine related:   

EJ  Elijärvi 

PV  Pohjois-Viia 

SO  Surmaoja 

HW  Hangingwall 

FW  Footwall  

CMS  Cavity Monitoring System 

tp  main access drift in granite (“tasoperä”) 

yhp  access drift, from tp to crosscut (“yhdysperä”) 

lop  crosscut (“louhintaperä”) 

 

Numerical model:   

   

σ ci  Unconfined compressive strength of intact rock 

GSI  Geological strength index 

v  Poisson´s ratio 

E  Young´s modulus 



  

8 

 

1 Introduction 

1.1 Background 

Kemi mine is located at Elijärvi in Keminmaa municipality. It is the biggest under-

ground mine in Finland with an expected annual chromium ore production of 2.7 mil-

lion tonnes but the realized tonnage has been approximately 2.4 million tonnes during 

the last couple of years. The mining started as open pit mining in 1968. In 2001 the 

production progressed underground. The mine is the only chromium mine in the EU 

and it is owned by Outokumpu Chrome Oy. The products from Kemi mine are lumpy 

ore and fine concentrate that are transported to ferrochrome works in Tornio.  

Numerical models have been developed for assistance in the mine planning and pro-

duction by external consultants at Pöyry Finland Oy for around a decade. Pöyry offers 

services in consulting and engineering within the fields of energy, raw materials, envi-

ronment, infrastructure and the industry sector.  

Kemi Mine has long standing cooperation with Pöyry with on-going projects besides 

the development of the numerical model, including the follow up of the Life of Mine-

plan, open pit monitoring and being the main geotechnical consultant during the devel-

opment of the DeepMine-project.  

Issues regarding the conditions of the drifts have gotten worse as the mining has pro-

gressed to the upper levels. There are high in situ stresses and extensive rehabilitation 

done. However, accuracy of the simulated deformation for the excavations in the mine 

has not been studied in detail beforehand.  

For damage mapping a standard was used, which has been adapted to the damages seen 

at the mine. The excavations are rated based on the extent of the damages visible in the 

surface support and these are compared to simulations results from the numerical 

model. From this comparison an evaluation of the accuracy of the numerical model in 

relation to drift conditions is made.  

The parameters that are compared are the deviatoric stress, deviatoric strain increment 

and the total displacement. The results are deemed accurate when the areas that have 

indicated deformation in the resulting plots, overlap with the areas where signs of de-

formations where observed during the damage mapping.  
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1.2 Goal  

The goals for this project are:  

 Making an evaluation of the accuracy of the numerical model regarding the tun-

nel conditions.  

 A process description for the numerical model should be made in case of bad 

agreement with the mapping results (the process description clarifies the steps 

to improve the accuracy of the numerical model).  

1.3 Scope 

To make damage mapping of the current production area with the selected method and 

comparing these results with the simulated results from the numerical model for the 

same month. To reach the goals stated in chapter 1.2, the scope is divided as described 

in Table 1. 

Table 1: Description and division of work included in the scope. 

Quota from to-

tal workload 

Section  Description 

1/3 Damage mapping and 

development of mapping 

process 

 Map the damages in the current mine 

(also determining cause)  

 Selecting a method for suitable map-

ping and possible digitizing   

2/3 Verification and evalua-

tion 
 Tool/mechanism to evaluate and clas-

sify damages/occurrences against 

what model shows and determining 

the critical difference limit  

 Making a process description in case 

of the models being inaccurate.  

 

1.4 Delimitations 

The work was made with the equipment available at the mine and limited to the numer-

ical model that contains the current production levels. This is also where the damage 

mapping was made.  

The time-frame for the project is 20 weeks full-time (5 months). No investment calcu-

lations were made nor suggestions on support patterns or level layouts.  
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2 Site Information and Mining in Squeezing Ground Conditions 

There are three orebodies that are mined currently at Kemi mine: Pohjois-Viia (PV), 

Elijärvi (EJ) and Surmaoja (SO). The active production area is at 300 to 350 meters 

depth today in Elijärvi and Pohjois-Viia and at 475-500 meters depth in Surmaoja. The 

orebody at the mine continues downwards to even greater depths so an expansion of 

the mine is under development, where the mining will progress from a depth of 1000 

meters level upwards. This expansion is referred to as “Deep Mine”. A simplified 

sketch of the layout of the mine can be seen in Figure 1. 

The crown pillar is between 225, which is bottoms of the deeper open pit and 275 me-

ters depth. Vertical pillars are left unmined between stoping areas (for now) to increase 

stability. The pillars are located at SO 26 and between the Elijärvi and Surmaoja ore-

bodies. The average content of Cr2O3 in the chromite layer is approximately 30 %.  

 

Figure 1. Simplified longitudinal cross-section (Outokumpu Chrome Oy, 2018). 

 

The permanent infrastructure is developed in hard granite rock on the footwall side, 

with ore access drifts excavated towards the hangingwall. The mining method used is 

underground benching with a stope height of 25 meters. The individual stopes are 

mined in mainly 2 stages where the first half of the stope is blasted and the rock can be 

left in storage in the stope before hauling. At a suitable time, the loose rock is hauled 

and then the second half of the stope is mined. The rock in the stopes is mainly ore, but 

in some stopes some waste rock can also be blasted. 

The drifts are named and numbered as described in Table 2 and based on the geograph-

ical location in the mine, see Figure 2.   
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Figure 2. The different sections of the mine, where the different access tunnel types 

are marked. 

Table 2: Notation principles for stopes. Elijärvi (EJ) is divided to east (EL) and west 

side (EE).  The numbers increase from east to west. 

Section Abbreviation Drift 

no 

Stope no 

in drift 

Level of 

hauling 

Notation 

Pohjois-Viia PV 131 1 300 PV131-1-300 

Elijärvi East EE 172 3 325 EL172-3-325 

Elijärvi West EL 222 2 350 EE222-2-350 

Surmaoja SO 272 3 500 SO272-3-500 

 

In Surmaoja and Elijärvi the crosscuts and access drifts are developed in a north-south 

direction whereas Pohjois-Viia has drifts that deviate from this direction 32 degrees 

counter clockwise. The direction is chosen based on the bearing of the ore lens. The 

serviceable time for the access tunnels is on average 6 years.  

The limit between EE and EL is at stope number 201, which still belongs to EE. Each 

section of the orebody has a different set of parameters that are used in stope design 

that have been optimized based on the characteristics of the rock. The arrangement of 

primary and secondary stopes is in a similar fashion influenced by the area, see Figure 

3.The generalized descriptions of the principles of stope sizes and backfilling method 

are not as easily determined today, the stope widths are in the same range as in Table 3 

but the choice of backfilling is done by case by case evaluation.  

The grey coloured stopes in Figure 3 are filled with cement slurry and the brown stopes 

are backfilled according to the description in Figure 4. There is stoping done on many 

levels simultaneously.    
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Table 3: Stope and pillar widths used. Pillar width between primary and secondary 

stopes. 

Area  Level Width pri-

mary[m] 

Width sec-

ondary[m] 

Width of 

pillar [m] 

PV 15,14,13,12,11 300-375 12 15 4 

EJ 23-16 300-375 12 15 4 

SO 25,26 

 

27,28 

29,30  

(longitudinal) 

weak ore 

500-450 

525-550 

550-400 

450-500 

525 -550 

 

17 

15 

17 

17 

20-30 

12 

18 

20 

18 

18 

- 

12 

0 

  

SO, EL23-EE16, PV15-12 PV 11 

  

Figure 3. Stope arrangement between primary (grey) and secondary (brown) stopes 

(Outokumpu Chrome Oy, 2018). View towards the footwall side. 

 

Figure 4. Backfill with waste rock where the first section is filled with slurry to the 

backfilling drift level. The view is parallel to crosscut excavation direction.  
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The mining in Surmaoja orebody progresses according to the initial plan in the order 

that can be seen in Figure 5 below. The first area is the one that is mined first at the 

highest level with stoping production; number two is second highest etc. The same kind 

of order is not present for Elijärvi and Pohjois-Viia, but the direction of mining in the 

different stoping areas can be seen in Figure 6. In all crosscuts, the mining progresses 

normally from the hangingwall side to the footwall, i.e. retreating.  

 

Figure 5. Directions of mining progress in Surmaoja (plot above of 525-level). Area 

number 1 is where mining starts in a new level, followed by number 2, 3 etc.  

 

 

Figure 6. Directions of mining progress in EL and PV. 
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2.1 Geology 

The rock types that are most often encountered in the mine are albitic granite (ABGR), 

mylonite1 , serpentinite (SP), talc-carbonate (TLKKRB), ore and peridotite (PRD). 

Their distribution can be seen in Figure 7. Their uniaxial compressive strength (UCS) 

and geological strength index (GSI) of the different rock types can be seen in Table 4. 

Additionally, chlorite schist and albite diabase can be found. The “granitic basement” 

consist of PRD and granite and these rocks are found in the hanginwall and footwall. 

“Kemi formation” includes TLKKRB, ore and SP.  

 

 

Figure 7. The occurrence of different rock types. 

The orebody has different dip angles and strikes in the different sections: 

 SO orebody has a dip angle of 66 ° and has a strike of 106 ° 

 EJ orebody has a dip angle of 60 ° and has a strike of 90 ° 

 PV orebody has a dip angle of 60 ° and has a strike 63 °. 

The ore at the mine is talc-carbonate, serpentine, tremolite-kämmererite or chlorite 

based. The soft talc-carbonate based ore is encountered at stoping areas 11-23 (EL, EE 

and PV). The serpentine based ore is very hard and it occurs mostly in stoping areas 

20-30 (EL, SO). It can sometimes be found also at EE in sections 16-19. Tremolite 

based ore is found at the hangingwall side of the orebody in Surmaoja and at the centre 

parts of the orebody in sections 11-23. The softest type of ore is chlorite based and it is 

occurring in the greatest extent at Pohjois-Viia area 11-15. The soft mylonite rock is 

situated at the granite contact on the footwall side, see Figure 27.  

2.2 Rock Mechanics  

The orebody is sinking in relation to the hangingwall, this creates water leakage and 

loss of confining stress. These factors often result in wedge fallouts in the drifts. It is 

also suspected that the orebody itself is tilting, causing the backfill on the footwall side 

to be pushed upwards, which would be visible as floor heave in the crosscuts.  

The rock mass has joints, which are mapped with 3D photographs that are taken after a 

new cut has been blasted and hauled, before support installation. The joints are analysed 

                                                 
1 Mylonite is a fine grained metamorphic rock, formed by shearing or ductile deformation along a fault 

(Nelson, 2015) 
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from these pictures and the joints are made into string files in Surpac. A separate GSI 

and rock type evaluation is made by mine geologist also before supporting the cut. 

During this geological mapping, the visible joints and their joint properties are evalu-

ated. This information is accessible through the mine database (KaTTi). There is no 

recognized dominant jointing or foliation, with known spacing. 

Table 4: The measured qualities of the rock types (based on average values in the 

drillcore database) (Outokumpu Chrome Oy, 2018). 

Rocktype UCS [MPa] GSI Rock Quality 

Albitic granite 150 62 Fair 

Mylonite 28 40 Very Poor 

Talccarbonate 41 59 Fair 

Ore 41 62 Fair 

Metaperidotite 120 60 Fair 

 

There are problems with the stability of the tunnels that are used for a long period of 

time at the production levels. Increasing stability problems have been observed when 

the mining depth has decreased. Among the more noticeable issues is that there is an 

area of collapses in stopes and drifts in the production area EL 20-22 and the problems 

in this area have been reoccurring for several levels. Many of the stopes mined in  

Pohjois-Viia are problematic with fallouts in roofs and with pillars failing. More re-

cently collapses in the stopes in the Surmaoja region have been observed on several 

levels.  

2.3 Squeezing Ground Conditions 

Since signs of convergence is seen in the tunnels during failure mapping and high 

stresses have been measured at the mine there is reason to suspect that the damages 

seen can be caused by squeezing behavior. The effect of the high stress conditions are 

more noticeable in the lower strength rock, with jointing.  

When mining in squeezing ground conditions the issues faced are difficulties in keeping 

excavations accessible and serviceable for the required time periods. To manage this, 

investments in rock support are high and even then a need for scaling and rehabilitation 

occurs, which can postpone production (Mercier‐Langevin & Hadjigeorgiou, 2011) 

(Sandy, et al., 2010). Squeezing leads to a reduced cross-sectional are of the excava-

tions and it can occur even in hard rock if there are structural discontinuities and high 

stress conditions (Potvin & Hadjigeorgiou, 2008). 

Deformation to excavations occur depending on the behaviour of the rock when sub-

jected to stresses, where strain is the deformation response of the rock mass. The de-

formation can be elastic, ductile or brittle. Material will act more brittle in low confining 

stress (Nelson, 2015).  

Starfield and Detourney (1981) identified 5 different tunneling conditions, which are 

tunneling in massive rock, overstressed rock, stress related failure in low cohesion 

rocks, blocky rock and swelling rock. Massive rock has no failure and a small number 

of joints. Tunneling can also be carried out in rock that contains materials that may 
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cause swelling, e.g. some types of clay. Besides these cases even major individual dis-

continuities in the rock mass in the form of faults may cause issues when intersecting 

with the tunneling or stoping.   

In over stressed rock a high joint density and failure during tunneling is possible. The 

observed failure can be brittle or plastic and where the plastic deformation is severe it 

will cause squeezing rock conditions. Overstressed rock masses with squeezing prob-

lems are encountered where ratio of joint spacing and excavation radius is 0.1 or less. 

Low friction and cohesion in filling are also affecting factors. In hard rock with very 

high stresses, rock bursts can be encountered (Hoek, 2001). The issues caused by 

blocky rock mass are structural instabilities caused by movements and separations in 

joints. In blocky conditions, the instabilities are governed by the pre-existing disconti-

nuities in the rock mass. 

Squeezing ground conditions are defined as being big time dependant deformations that 

are caused by high stress conditions or redistributing of the stresses after excavation 

(Aydan, et al., 1993) (Barla, 1995). Squeezing ground conditions can be identified em-

pirically or theoretically and these methods have been described by Potvin & 

Hadjigeorgiou (2008) and Karampinos (2016). In the described methods the squeezing 

potential is estimated by depth, Q-value, tangential stress coupled with uniaxial 

crushing strength and peak tagential strain together with elastic strain or a 

combinationof these variables, among others.  

One theoretical criteria is to use the strain to predict squeezing potential toghether with 

the in-situ stress and the rock strength, the resulting curve can be seen in Figure 8. From 

the graph it can be seen that squeezing problems can be anticipated when the strain 

exceeds 1 %. According to Hoek (2001) values lower than 1 % are encountered in hard 

rock mines at shallow depths, where fallouts caused by gravity are the major 

encountered issue. Another theoretical aproach utilizing the strain state is the Squeezing 

index by Singh et al (2007). More recently the Hard Rock Squeezing index has been 

developed, where the evaluation is done with matrixes, where the foliation has an 

impact on the response (Mercier‐Langevin & Hadjigeorgiou, 2011).  

The damages from squeezing are related to the quality of the rock, the size of the tunnels 

that are excavated and the in-situ state of stress (Goel, 1994). In case of wall conver-

gence exceeding several tens of centimetre during the expected serviceable time of an 

excavation, the loads are usually larger than the conventional support can withstand 

(Karampinos, 2016).  

There are different damage types encountered in squeezing ground conditions, these 

are illustrated in Figure 9. Complete shear can occur in continuous rock that has ductile 

behaviour or if the spacing between discontinuities is large, in these conditions there is 

a risk of the reinforcement failing by shearing (Potvin & Hadjigeorgiou, 2008). Potvin 

and Hadjigeorgiou (2008) identified two categories depending on the foliation thick-

ness and the characteristics of these can be seen in Table 5. The failure that occurs in 

the form of buckling happens in metamorphic rock or sedimentary rock that has ductile 

properties and where the foliation is thin bedded. The third type of failure related to 

squeezing ground conditions is sliding and shearing failure (Aydan, et al., 1993). Infor-

mation about geology and the rock mass is necessary to be able to determine the possi-

ble modes of failure (Karampinos, 2016).  
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Figure 8. Tunneling problems associated with different levels of strain (Hoek, 2001) 

 

 

Figure 9. Three failure mechanisms in squeezing ground (Aydan, et al., 1993). 

Table 5: Categories of squeezing ground based on foliation thickness (Potvin & 

Hadjigeorgiou, 2008). 

Category 1 2 

Squeezing level Heavy squeezing Moderate squeezing 

Rock layers Thin (10´s of millimeters) Thick (10´s of centimeters) 

UCS Approximately 10 MPa Approximately 50 MPa 

Maximum rate of convergence 100´s of mm per month 10´s of mm per month 

Depth of broken rock mass Up to 6 m Up to 3m 
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Weak rock behaves almost isotropically even if there is foliation present, but if hard 

rock is foliated the behaviour exhibited is more likely to be anisotropic, which is not 

always accounted for in the methods for estimating squeezing potential for tunnels 

(Mercier‐Langevin & Hadjigeorgiou, 2011) (Karampinos, 2016). 

2.4 Ground and Surface Support in Squeezing Ground Conditions 

Surface support preserves confinement and prevents unravelling and fallouts. Shotcrete 

has an immediate supporting affect after installation. It also serves as a load distributing 

element, between the reinforcement elements (Karampinos, 2016). Damage mappings 

done in Kirunavaara have indicated that the main failure observed in good quality shot-

crete on hard rock is adhesion failure. The identified probable failure causes are defor-

mation of rock, shrinkage and the dynamic loads caused by blasting. Thickness of the 

shotcrete lining is an important factor as well as a clean rock surface, where hydroscal-

ing can give significantly better adhesion (Malmgren, 2001).  

It is noted by E. Stefan Bernard (2009) that the signs of deformation in the ground are 

revealed fast by the shotcrete, but that this is not a sign of the support failing and does 

not indicate an immediate need for rehabilitation on its own. Inspection of the shotcrete 

lining can be done regularly to recognise the need for rehabilitation before failure 

(Stefan Bernard, 2009). 

A welded mesh has high capability to deform, but the load bearing capacity is lower 

than for shotcrete. The mesh supports the rock after some degree of deformation has 

taken place (Potvin & Hadjigeorgiou, 2008). There are two application options when 

using steel mesh, it can either be used prior to applying shotcrete lining or laid over it 

to get a more ductile support (Stefan Bernard, 2009).When installing mesh inside shot-

crete or fibre-reinforced shotcrete, there is an increase in stiffness in the support com-

bination compared to shotcrete without embedded mesh. This support combination still 

has a limited deformation capability and fails if subjected to large deformations (Potvin 

& Hadjigeorgiou, 2008). Totally stopping deformation by reinforcing is not plausible 

and the support used at Canadian and Australian mines operating under squeezing rock 

conditions can be seen in Table 6.  

Table 6: Support used in mines operating under squeezing rock conditions (Potvin & 

Hadjigeorgiou, 2008). 

Category 1: Heavy squeezing Category 2: Moderate squeezing 

Thin layers (10’s of millimetres). UCS 

approx. 10 MPa. 100’s of mm closure per 

month. Depth of broken rock mass up to 

6 m. 

Thick layers (10’s of centimetres). UCS 

approx. 50 MPa. 10’s mm closure per 

month. Depth of broken rock mass up to 

3 m. 

Mine Site Support Mine Site Support 

Mine #1 Split sets (1 x 1 m); 

75 mm fibrecrete + 

weld mesh 

Mine #4 Split sets and cable 

bolts (1.3 x 1.5 m); 

50 to 75 mm fibre-

crete + weld-mesh 

Mine #2 De-bonded bar and 

Swellex (1 x 1.5 

Mine #5 Split sets, resin bar 

and cable bolts (50 

to 75 mm); fibre-

crete + weld-mesh 
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m); 75 mm fibre-

crete + weld mesh 

+ 50 mm fibrecrete 

Mine #3 Hybrid bolts (0.8 x 

0.8 m); Weld-mesh 

  

Yielding bolts can withstand large deformations but may fail in shearing and according 

to the numerical modelling done by Karampinos (2016) the yielding bolts should be 

installed after some deformation has taken place, but before initial support has failed, 

and the stiff cable bolts can be installed after more extensive deformation. Reinforce-

ment elements can bind the individual foliated blocks of rock together, to make a 

thicker and stronger block to prevent buckling (Karampinos, 2016). 

If stiff reinforcement is applied in combination with soft support on the surface, there 

is a risk of having bolts sink in, through the surface layer (Varden & Woods, 2015). 

Having stiff support on surface runs a risk of failing after initial deformation. Risk as-

sociated with early installation of support and development of sublevels too far ahead 

are failures in the support caused by the mining induced stress environment, exceeding 

deformation capacity before production, and corrosion. Safety, together with produc-

tivity and stability are essential to account for in mining sequencing (Varden & Woods, 

2015). 

2.5 Ground Support Used at Kemi Mine 

The excavation profiles used in the access tunnels, yhp, vary between 25-36 m2 and the 

cross-sectional area can be even larger in permanent structures in granite. The most 

common profiles are 25 and 30 m2, which can be seen in Figure 10 and Figure 11. 

Tunnels in granite are generally supported with just shotcrete. The supporting patterns 

used in the tunnels vary depending on what type of rock they are excavated in and what 

profile they have. The general principle is that 2 meters of the cable bolts are left un-

bonded and that one cable bolt per hole is installed with plate and nut. The cable bolts 

are installed orthogonally to the development direction in the basic support patterns. 

Cable bolting pattern for the access drifts can be seen in Figure 12.  

The support for crosscuts, with a cross-sectional area of 25 or 41 m2 have bolting pat-

terns that can be seen in Figure 13-Figure 16. Besides the cable bolts the support in-

cludes shotcrete (with or without fibres) applied in two layers of 2.5 cm thickness and 

8-13 Swellex bolts per profile with expansion shell with 2.4 m length. Approximately 

80 meters of cable bolts is installed along the profile with 2 meters spacing along the 

tunnel. This initial support is applied successively during development. In areas that are 

damage prone, like crossing additional mesh or rock ties can be applied. There have 

also been test areas where steel arches have been installed in Pohjois-Viia. The cross-

cuts get occasionally supported with additional cable bolts between the bolts in the 

original pattern or at the back wall of the drift when the development of the drift in 

question is finished. 
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Rehabilitation of access drifts that are in the rock mass close to the orebody and the 

crosscuts takes place when the condition of the drifts is deemed so damaged that the 

safety is compromised. The rehabilitation of the drifts consists in the least of scaling of 

loose slabs of shotcrete from the roof and walls, or adding more surface support to stop 

the loose material from falling, like steel mesh. The drifts that need more work are 

scaled (purged) and after this the support is installed in a similar way as the original 

one.  

Figure 10.  Access drift profile p2501, 

25 m2 (Pöyry Finland Oy, 2018). 

Figure 11. Access drift profile p3001, 30 

m2 (Pöyry Finland Oy, 2018). 

  

 

Figure 12. Cable bolt pattern for access drift that is excavated in the “basement” 

rock (Outokumpu Chrome Oy, 2018). 
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Figure 13. Cable bolt installation pattern 

for narrow crosscut (25m2), with no 

planned stope (Outokumpu Chrome Oy, 

2018). 

 

 

Figure 14. Cable bolt installation pat-

tern for narrow crosscut (25m2), with 

planned stope (Outokumpu Chrome Oy, 

2018). 

 

Figure 15. Cable bolt installation pattern 

for wide crosscut p4102 (41m2), with no 

planned stope. Roof height, H= 6.0 m, ra-

dius of roof curvature rr= 4.0 m, radius of 

curvature in lower corners rf=6.3 m and 

width of tunnel W=8.45 m (Outokumpu 

Chrome Oy, 2018). 

 

Figure 16. Cable bolt installation pat-

tern for wide crosscut (41m2), with 

planned stope (Outokumpu Chrome Oy, 

2018). 
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3 Numerical Model 

3.1 Numerical modelling of rock mass 

Numerical modelling can be used to simulate and get a better understanding of the me-

chanical behaviour of rock. Stress-strain response of rock mass is known when model-

ling it is influenced by the scale of the object to be modelled. The most applicable 

modelling alternative is influenced by excavation size, jointing of the rock mass, the 

spacing and orientation of discontinuities as well as stress state (Board, 1989).  

Modelling of rock is mainly divided into two separate methods, continuum and discon-

tiuum modelling. In continuum modelling the rock mass is viewed as a homogeneous 

mass and the any discontinuities are considered in the material parameters. This entails 

that non-linear material models can model the influence of discontinuities, but individ-

ual block movements in the form of slip, rotation or separation cannot be represented 

(Board, 1989).  

In a continuum model, where the rock mass is represented by an isotropic, elastic, 

visco-elastic, elastic-plastic or elastic-visco-plastic material model, the deformation is 

a consequence of elastic, viscous and plastic deformation of the material. The defor-

mation is caused as a consequence of high stresses applied. The continuum methods 

include finite element (FEM), finite difference (FDM) and boundary element method 

(BEM), among others. Since the damages seen in hard rock underground with squeez-

ing are the result of anisotropic material behaviour caused by geological structures un-

der high stress conditions the damages seen can possibly be recreated by parameter 

adjustment, but the failure mode caused by foliation, buckling, cannot be replicated 

(Karampinos, 2016). 

In discontinuum modelling the rock mass consists of individual blocks that are sepa-

rated by joints. The block interactions are governed by properties like cohesion, dila-

tion, friction and stiffness or rock blocks and discontinuities. Movement of the blocks, 

seen as rotation or slip is a result of acceleration, which is generated by forces applied 

to each block. The calculation procedure stops when the model reaches equilibrium or 

an unstable state (Board, 1989).  

Running times limit the size and discretization of a model. If discontinuity caused fail-

ures are modelled, joint properties need to be known. These can be determined by field 

observations, laboratory testing or by making an analytical solution to a model (Board, 

1989). Numerical models can be used to choose the best arrangement of mining front 

weighted to the amount of damage that can be accepted in the applied support (Varden 

& Woods, 2015).  

Global-local modelling can be used when studying local phenomena on a smaller scale, 

with values that can be interpreted from the global, larger scale model. The excavation 

studied in the local model should be far away from the excavation boundary in the 

global model and the local model should be significantly smaller than the excavation 

in the global model. An approach like this was implemented by Edelbro et al (2012) 

when predicting stress induced fallouts at footwall drifts in Kirunavaara mine. The used 

indicators in this study were yielded elements and maximum shear strain (Edelbro, et 

al., 2012).  
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3.2 Numerical Software 3DEC 

The software that is used by Pöyry Finland Oy for the current mine model, which is to 

be studied in this project is the numerical modelling software 3DEC. 3DEC is an ab-

breviation from 3-Dimensional Distinct Element Code. It uses the discrete element 

method (DEM) where the material modelled is represented by individual blocks. These 

blocks can deform, rotate and be displaced along the block boundaries (Itasca, 2018). 

Model equilibrium is reached when the maximum unbalanced force is relatively small 

compared to the applied forces. The calculation procedure is cyclic, with the forces 

applied to the block boundaries causing acceleration, which makes the blocks move 

and receive new positions in the system, which in turn generates new forces at the block 

boundaries. There are several constitutive models that can be applied to the materials 

and the block boundaries (Itasca Consulting Group Inc, 2013). 

The short-term predictions include a risk assessment of each individual stope that is to 

be mined in the coming period. The risks connected to the stope are assessed from a 

more general point of view, where the stability of the area adjacent to the stope is taken 

into consideration, so the focus does not lie in the ore recovery for this individual stope. 

The initial optimization of the models was made by backwards predictions, where the 

models were calibrated to show past events. The identified failure modes from the 

model are tensile and shear failures that have potential to develop as the mining pro-

gresses. The shearing risk is great at mylonite contact and talc to ore contact. Models 

for DeepMine have already been made where stoping dimensions and pattern options 

are evaluated. 

3.3 Model geometry and boundary conditions  

The model that can be seen in Figure 17 to Figure 19 covers the stopes in the current 

production levels, from 550-275 meters depth, has been developed by the supervisor of 

this project, Mikko Lamberg and the data for the model has been received from Sergio 

Cristiá. The outer limits for the model in 3DEC can be seen in Table 7. Only the bottom 

boundary is fixed in all direction (x, y, z) the other outer boundaries are fixed in the 

directions perpendicular to the boundary surfaces, i.e. either in x-direction or y-direc-

tion (upper is free surface). The in-situ stress state is described in Table 8.  

Table 7: Coordinates for model boundaries (data from Pöyry Finland Oy, 2018). 

Direction Coordinates (min, max) [m] 

x 4900, 9410 

y -200, 2800 

z -900, -27 
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Figure 17. The numerical model seen from above. The arrows to the right show direc-

tion of the stresses (Pöyry Finland Oy, 2018). 

 

Figure 18. Section A-A. A figure of the model seen from the east.  Light grey = gra-

nitic basement, blue = mylonite, yellow=talc-carbonate/ore, pink=serpentinite (Pöyry 

Finland Oy, 2018). 

A 

A 
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Figure 19. The stopes included in the numerical model within the orebodies (Pöyry 

Finland Oy, 2018). Blue = Surmaoja, green = Elijärvi and orange is Pohjois-Viia. 

 

Table 8. Stress magnitude and direction (data from Pöyry Finland Oy, 2018). 

Parameter Symbol Value Unit 

General   

Depth z 400 m 

In situ stress state 

Major horizontal stress 

- direction (fr x-axis) 

Minor horizontal stress 

- direction (fr x-axis) 

Vertical stress 

 

σ1 

 

σ2 

 

σ3 

 

-40 

186 

-15 

96 

-15 

 

MPa 

° 

MPa 

° 

MPa 
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3.4 Constitutive model and parameters for the global model at Kemi Mine 

The constitutive models that can be used in the numerical model are the following:  

 

 

 

 

 

 

 

 

 

 

 

 

 

The material model used is strain-softening with parameters determined from measured 

values and by recalculating from Roclab, to get values for the rock mass (see Table 9). 

The measured values are result from laboratory and field measurements. 

Table 9: Main parameters used in the model (data from Pöyry Finland Oy, 2018).  

Parameter Symbol Value Unit 

Peridotite 

Uniaxial compressive strength 

of intact rock 

σ ci 170 MPa 

Geological strength index GSI 62  

Poisson´s ratio v 0.3  

Young´s modulus E 43.5 GPa 

Granite 

Uniaxial compressive strength 

of intact rock 

σ ci 150 MPa 

Geological strength index GSI 62  

Poisson´s ratio v 0.26  

Young´s modulus E 45.8 GPa 

Ore at Pohjois-Viia 

Uniaxial compressive strength 

of intact rock 

σ ci 91 MPa 

Geological strength index GSI 66  

Mohr-Coulomb 

 non-geometric joint parameters 

 

Elastic 

 geometric joint 

parameters 

(joints ignored) 

 
Strain-softening 

 joints 

 strain softening material model unless 

otherwise specified 

 

Ubiquitous 

 open joints   

 strain softening material model  
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Poisson´s ratio v 0.33  

Young´s modulus E 29.4 GPa 

Ore at Elijärvi 

Uniaxial compressive strength 

of intact rock 

σ ci 91 MPa 

Geological strength index GSI 70  

Poisson´s ratio v 0.33  

Young´s modulus E 33.0  GPa 

Talc-carbonate at Elijärvi 

Uniaxial compressive strength 

of intact rock 

σ ci 70.5 MPa 

Geological strength index GSI 66  

Poisson´s ratio v 0.3  

Young´s modulus E 29.4  GPa 

Serpentinite 

Uniaxial compressive strength 

of intact rock 

σ ci 154 MPa 

Geological strength index GSI 66  

Poisson´s ratio v 0.28  

Young´s modulus E 49.0  GPa 
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4 Method 

The work has been carried out in the same order as the following sub-chapters. The 

damage mapping and comparison to the numerical models has been an iterative process, 

but because of the time limitations the damage mapping is only done twice by the au-

thor.  

4.1 Data collection  

Since there is little measurement data accessible the data collection entails the infor-

mation collected from earlier studies and reports, memories of personnel working in 

the mine, 3D-photographs as well as information that can be collected on site through 

visual inspection. The information collected from earlier works is presented in the back-

ground information in chapter 1.  

There are existing databanks from the geological mappings, including rock type classi-

fication and GSI evaluation made by mine geologists after tunnel development. The 

data is stored in KaTTi (mine database) and classification information imported into 

CAD software Surpac where it can be viewed.  

Because of limited field measuring instrumentation and a lacking budget for installation 

of such instrumentation for this project such methods cannot be used to a larger extent.  

4.1.1 Monitoring done at Kemi Mine 

The mined-out stopes are routinely scanned by laser (CavityMonitoringSystem - CMS) 

to estimate over-and underbreak. Collapses in drifts are also scanned when possible. 

The monitoring works with a laser beam, measuring the reflected beam to determine a 

distance to the instrument from the stope or tunnel wall. The created cloud of points is 

processed into vertical profiles with a spacing of 0.5 meters. These profiles are con-

nected into 3D-solids. 

Other measurements that have been carried out or are done continuously underground 

in the mine are stress and deformation measurements and measurements with instru-

mented bolts. 

4.1.2 Stress measurement results 

Stress measurements have been made at different depths in the underground mine dur-

ing 1998-2017. The locations for the measurements can be seen in Figure 20. Based on 

the taken tests, a graph was made to see the increase in stress with added depth. It was 

chosen to include tests that were done in the same area of the mine (EJ/PV/SO) in the 

same rock type but on different levels, see Figure 21.  
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Figure 20. Locations of taken stress measurements underground between levels 275–

550. The plot is for the tunnels at 475-level. See Table 10 and Table 11 for results. 

Table 10: Stress measurements made at Kemi mine (data from Outokumpu Chrome 

Oy, 2018).2 

No. Rock 

type 

Depth Loca-

tion 

Horizontal stress direction and 

magnitude  

Verti-

cal 

stress 

1* Ore -275 EJ 17 

 

- 

2* Ore -308 EJ 16  

 

6.3 

                                                 
2 HF results excluded.  
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3 Ore -463 PV 11 

 

High = 

19.6 

 

Low = 

5.05 

4* Gran-

ite 

-292 SO 24 

FW 

 

13.7 

5* Gran-

ite 

-381 SO tp3 

FW 

 

14.9 

6 Gran-

ite 

-553 EL22 

FW 

 

30.9 
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7 PRD3 -312 EJ 21 

HW 

 

10.2 

* - measurements included in graph in Figure 21. 

Table 11: Rock elasticity parameters used in stress measurements. 

Test no. 1 2 3 4 5 6 7 

Young´s modulus  50 - 66 57 61 42 - 

Poisson´s ratio 0.45 - 0.23 0.34 0.25 0.3 - 

 

 

 

Figure 21. Stress measurement result graph with magnitude displayed as a function of 

depth in the footwall granite. The results have been sectioned by orebody. SH – major 

horizontal stress, sh – minor horizontal stress and sv – vertical stress. 

 

                                                 
3 ”Pyrokseniitti” (SMOY 1998) 
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4.1.3 Results from deformation measurement with tacheometers 

275 and 300 levels have a tacheometer-based deformation monitoring system that is 

measured monthly. The results from these measurements were analysed at Pöyry and 

the results are visualized by indicating the direction and magnitude of movement.  

Movements in the tunnels have been recorded during the period May-August during 

2018. The results from the measurements taken in Elijärvi area 21-23 in the 275-level 

can be seen in Figure 22. The time interval for the measuring is too short to make a 

long-term evaluation of the movement patterns, but the largest total movement recorded 

was in the developed crosscut (3-5 cm) and the movements were increasing in relation 

to the decreasing distance to the orebody.  

 

Figure 22. Tacheometer measurement results from the period 4.5-16.7.2018 (Pöyry 

Finland Oy, 2018). 

4.1.4 Results from measurements from instrumented bolts 

CaviCom indication sensors, from RockSafety have been installed in level 325 in 

el23yhp2-325 in February 2018, see Figure 23. The CaviComis installed along with a 

rock bolt to measure the elongation of the bolt and bolt breakage. Installation is done 

by attaching the monitoring thread to the bottom of a selected rock bolt and the wire is 

enclosed by a casing to withstand vibration and moisture. The reader is attached by the 

bolt plate, see Figure 24. The measurement data is accessible in real time through a web 

portal. The bolt transfers the information through a gateway and the information is 

passed along with WiFi, (Rock Safety Systems, 2018). 

The elongation measured by the installed bolts varies from a couple of mms to 5.2 cm 

in total deformation since installation, as per the graph in Figure 25. The reader attached 

to bolt 224-325 has been replaced twice since installation because of external damage. 

Hence the measured elongation does not start at 0. The first jump in the line for bolt 
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EL225-325 is a test to see that the reader is functioning properly. The elongations meas-

ured in the bolts have not been associated with any events in production, like blasting.  

 

Figure 23. Installation points for CaviCom bolts in 

325-level (Outokumpu Chrome Oy, 2018). 

 

 

 

Figure 24. CaviCom reader 

attched to cable bolt with in-

stalled elongation measurement 

wire (photographed by Jens Eli-

asson). 

 

Figure 25. Measured elongation of CaviCom bolts until 12.9.2018 (Unit: mm). 
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4.2 Damage mapping 

According to Sandy et al. (2010) the damage mapping can help understand the conse-

quences that the activities in mining can have on the surroundings, both on a local and 

regional level. Proposed damage rating criteria for tunnels in squeezing rock, by the 

authors of the paper, is presented in Table 12. The depth of damage is important when 

making designs for reinforcement and the evaluation can be made with observation 

holes, extensometers or by rock bolts that have instrumentation. Conditions in the tun-

nels can be predicted with the help of numerical models that can be made more accurate 

by using the damage mapping and measurements (Sandy, et al., 2010).   

Damage mapping at other mines is not described much in the literature found by the 

author. A description of the damage mapping done at selected areas of the Kirunavaara 

mine by Mikael Nilsson (2014) was found, where fracturing on the footwall was studied 

and documented in Microstation software: A damage mapping scheme used at 

Zinkgruvan has been described by Sjöberg and Tillman (1990), where the drift is di-

vided into sections with similar conditions and the failures seen documented according 

to example in Figure 26. The results and numerical modelling are compared to linking 

stress conditions with identified failure modes (Sjöberg & Tillman, 1990).  

 

Figure 26. Mapping sheet used at Zinkgruvan (Sjöberg & Tillman, 1990). 
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Table 12: Damage levels for an assumed 5 m wide tunnel (Sandy, et al., 2010) 

(Karampinos, 2016) 

Damage 

level 

General 

Description 

Rock Mass/Tunnel Damage 

S0 No visible dam-

age (Low stress 

conditions) 

Description: No stress-induced damage visible 

Area of Damage: 0% of tunnel profile affected 

Depth of Damage:  0 m  

Ground Control: Easily controlled with minimal support 

(e.g. split-sets and mesh)  

S1 Minor damage 

(spalling) 

Description: Superficial damage, easily scaled back to 

good rock 

Area of Damage: <10% of tunnel profile affected 

Depth of Damage:  0 - 0.2 m  

Ground Control: Easily controlled with minimal support 

(e.g. split-sets and mesh) 

S2 Moderate da-

mage (or spal-

ling) 

Description: Spalling clearly developed and widespread in 

walls 

Area of Damage: 10 - 50% of tunnel profile affected 

Depth of Damage:  Indications of damage/loosening up to 

0.5 m depth into walls or backs (~10% back span)  

Ground Control: Minor rehabilitation required in highly 

utilization excavations 

S3 Significant da-

mage to exca-

vations 

Description: Damage evident in all excavation surfaces. 

”Bagging” in the mesh clearly developed; Shearing and 

foliation/bedding clearly indicated, isolated split set head 

failures. 

Area of Damage: < 50 % of profile affected 

Depth of Damage:  indications of damage/loosening up to 

a depth of 1.5 m (~30% of wall and back span) 

Ground Control: Significant rehabilitation required to 

maintain safe access 

S4 Significant da-

mage to exca-

vations 

Description: Severe damage with up to 2 m wall or backs 

to floor convergence and/or significant floor heave. Passa-

ble on foot, with extreme caution, with serviceability sig-

nificantly reduced. Many bolts broken in shear, mesh se-

verely bagged, some local rock falls.  

Area of Damage: >80 % of tunnel profile affected 

Depth of Damage:  1.5-4 m (~40% of wall and back span) 

Ground Control: Limit of rehabilitation with conventional 

support 

S5 Extreme da-

mage to exca-

vations 

Description: Widespread support failure and large rock 

falls (>1000 tonnes) and in some cases complete or nearly 

complete drive closure. 

Area of Damage: 0% of tunnel profile affected 

Depth of Damage:  >4m (~100% of profile affected) 

Ground Control: Access not advisable. Beyond rehabilita-

tion. 
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4.3 Damage mapping at Kemi Mine 

Today handwritten damage mapping made by rock mechanics engineer Marko Matin-

lassi, from the end of year 2017 (October-November), exist for the Elijärvi area. The 

mapping has been done by him in Elijärvi part of the mine (stopes 16-23). The factors 

that have been mapped are fractures in shotcrete, wedge fallouts, water leaks, floor 

heaving, overbreak in the tunnel perimeters and collapses of tunnel roofs/walls. The 

different damages are color-coded as can be seen in Figure 27. 

Mapping the damages that can be seen in the current production area is done using a 

similar method to the one that has already been used by the rock mechanics engineer at 

the mine. Since signs of plastic and structurally controlled failure are seen at the mine, 

the mapping is done in a way to enable follow up mapping and evaluation of the tunnel 

condition.  

 

Figure 27. Damage mapping made by the rock mechanics engineer Marko Matinlassi 

in 2017 at Elijärvi (Outokumpu Chrome Oy, 2018). The yellow lines mark the zone of 

mylonite. 

The mapping method was developed by adding a grading for the tunnel condition and 

adding marks for the locations where damages to the bolts were observed. An adjusted 

version from the grading system presented in chapter 4.2 was used, with a grading from 

0-5 for the condition of the ground support, 5 being bad and 0 showing no signs of 

damage or deformation. The adjustments to the damage classification presented in Ta-

ble 12 are made because big fallouts of rock/collapses have been seen before the entire 

perimeter is affected and the drifts are often rehabilitated before exhibiting defor-

mations like the ones described in classes S4-S5 in Table 12. In the adapted classifica-

tion only indications on surface are mapped, so there is no depth of damage estimate or 

ventures on quantity of fallen material if these were to be seen, neither is the rehabili-

tation outlook evaluated.   

A grading for the water leak quantity was also applied, ranging from 0-3 and figures to 

visualize variations seen in the tunnel profile. Example pictures and descriptions of the 

different classes are described in Table 14 and Table 15. In some tunnel sections, there 
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were clear fracture surfaces overlapping each other, in these locations separate mark-

ings are made in the tunnel profile drawing with arrows visualizing the overlap direc-

tion.  

Water leakage is mapped because it can affect the stability of the excavations, since it 

causes swelling in clays, lubricates the joint surfaces and leads to increases in pore 

pressure (Varden & Woods, 2015).  

Table 13: Water leakage classification 

Water leakage class Description Photograph 

0 The tunnel walls and roof 

are dry 

 

1 Presence of water indi-

cated by moisture on walls 

in blotches.  

 

2 Light dripping or big 

(>40%) section of tunnel 

perimeter is visibly damp.  

 

3 Heavy dripping/stream of 

water or light dripping 

when 100% of tunnel pe-

rimeter is wet.   
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Table 14: Damage classification of tunnels at Kemi mine, modified after Sandy et al. 

2010 (Table 12). 

Damage rating Description of seen damages Photograph 

0 No visible impact on surface sup-

port (bolts, shotcrete, mesh) after 

installation 

0% of tunnel surface affected 

 

1 Minor defects in support are vis-

ible e.g. hairline fractures, fall-

outs of shotcrete.  

Less than 5% of the perimeter or 

the support of the tunnel is af-

fected. 

 

2 Slightly opened fractures in walls 

and or indications of a depth that 

reaches beyond the shotcrete.  

Alternatively, multiple smaller 

fractures across the perimeter. 

5-30% affected. 

 

3 Bolt plates bending. Fractures 

causing fallouts on surface. Mi-

nor floor heave  

30-70% affected - 80 per cent mi-

nor damage and larger fractures 

30 %.  

 

4 Stability is compromised.  

Large floor heave, with cracking.  

Bolts broken – wedges or frac-

tured rock hanging loose in 

bolts/mesh or falling out.  

70-90% of the supported surface 

affected by damages (fallout or 

other).  
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5 Overall stability is compromised. 

Tunnel walls have collapsed to 

some degree or the roof has col-

lapsed. Damages can be seen on 

both walls and the roof. 

90-100 % of the tunnel profile ef-

fected 

 

 

The notations on the maps from the excavations are presented in Table 15. The hand 

drawn maps are digitized into surface solids in Surpac for comparison to the simulation 

results. The colour codes used to represent the estimated damage rating can be seen in 

Table 16. 

Table 15: Marking method in the hand drawn maps 

Marking/colour Description 

 Water leakage. Quantity is graded with 1-3 drops, see Table 13 

 Irregular profile, depth > 0.5-1.5 m 

 Rockfill, no access 

 Collapse 

 Uneven floor level 

 
Photograph taken. 

 Fracture in shotcrete 

 
Fallouts of shotcrete 

 Damaged bolt/bolt plate* 

* Damage of this type is mapped only in autumn.  

Table 16: Colour codes in digitized damage maps 

Corresponding damage 

class 

Colour Surpac object number 

5 lilac 70 

4 red 1 

3 orange 2 

2 yellow 42 

1 grey 60 

0 green 40 
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A more detailed mapping system is not used because: 

 Taking pictures of each damage seen in the mine or using a more detailed map-

ping system is not feasible within the limitations of this project (time, equipment 

etc.) 

 It is not necessary for evaluating the numerical models when the main goal is to 

identify general problem areas with tunnel stability issues.  

4.4 Evaluating accuracy of numerical model 

This phase consists of comparing the observed changes and damages with what could 

have been expected based on the results from the numerical model, but also of making 

an evaluation of when the simulation results can be deemed to be inaccurate.  

The compared simulations results are the total displacement, the deviatoric stress and 

the deviatoric strain increment. These results are supplied to the author for comparison, 

based on earlier experience of correlation between these variables and areas where sta-

bility issues are faced. In practice the limit of when the model is not accurate is encoun-

tered when the damages in the drifts are not reflected in the simulation plots. 

The upper most mapped levels in Surmaoja have no active stopes yet and because there 

are no deformations induced by the lower levels here, the simulation results for these 

levels (400-425) were not compared to the damage mapping results. Two areas are cho-

sen for closer study, to investigate if the reason for the visible damages might be de-

pendent on other factors than stress conditions.  

4.5 Process description  

In case of inaccuracies the process description for the next steps to take to correct the 

method of comparison used or possible flaws in a numerical model is developed.   
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5 Results and Analysis 

5.1 Evaluating accuracy of numerical model 

In Figure 28 one of the damage mapped levels has been made into a digital version in 

Surpac. Digitized maps like this are made for each level and compared simulation re-

sults that are the deviatoric stress (Figure 30), deviatoric strain (Figure 31) and dis-

placement (Figure 29) for the month when the mapping is done. All three plots are 

studied when doing the comparison to the results from the mapping (Figure 28).  

 

 

Figure 28. An example of the maps digitized in Surpac (SO 525 – February). 

 

  

Figure 29. Total displacement (Pöyry Finland Oy, 2018). 
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Figure 30. Deviatoric stress (Pöyry Finland Oy, 2018).. 

 

  

Figure 31. Deviatoric strain (Pöyry Finland Oy, 2018).. 

Essentially the model is interpreted as accurate if the regions that show significant de-

formations during mapping show some indications for these deformations in the nu-

merical modelling results. Based on the comparisons made, a summary of the agree-

ment of the studied production levels is in Table 17. The colour codes used are ex-

plained in Table 18. 

The values that can be deduced based on the evaluation between the digitized damage 

maps and the simulation plots are listed in Table 19, these values were used as guide-

lines in the evaluation between the agreement of the numerical model and the damage 

mapping results. 
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Table 17: Comparison between damage mapping and simulation results. Yielded rock 

is included in the evaluation of the agreement of the deviatoric strain increment. If 

crossings have worse classifications than the surrounding drifts, these are excluded 

from comparison. A=access drift, C=Crosscut 

Level 
Spring 2018 Autumn 2018 

Displacement Deviatoric stress Strain increment Displacement Deviatoric stress Strain increment 

Elijärvi & Pohjois-Viia 

275 A C A C A C A C A C A C 

300 A C A C A C A C A C A C 

325 A C A C A C A C A C A C 

350 A C A C A C A C A C A C 

Surmaoja 

450 A C A C A C A C A C A C 

475 A C A C A C A C A C A C 

500 A C A C A C A C A C A C 

525 A C A C A C A C A C A C 

Table 18: Colour grading for the comparison to the numerical model. 

Rating  Col-

our 

Description 

Good 
 Areas where the simulation results indicate damages overlap with the 

mapped results for approximately 90 % of the studied tunnels (access 

drifts or crosscuts), with maximum 1-2 exceptions /level. 

Occasional 
 Some of the areas indicated by the simulation results overlap with the 

mapped results - more than 50 % of the accessible drifts (based on visual 

estimation). 

Uncertain  Agreement between mapped and simulated results could not be verified. 

Bad  The areas indicated by simulation results do not coincide with the 

mapped results. 

Table 19: Expected modeling results for developed tunnels compared to the used 

damage class rating from mapping.  

Rating Numerical model 

0-1  no deformation 

 rock mass not yielded and in-

significant strain 

 no substantial deviatoric stress  

Displacement 

5 mm 

Deviatoric strain inc. 

5×10-4 

Deviatoric stress 

1.75-2.5×107 Pa 

 some deformation Displacement 
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2-3  elevated strain and stress or re-

laxation around the tunnel pe-

rimeter 

 large volumes of yielded rock 

in the tunnel cross-sections  

5-10 mm 

Deviatoric strain inc. 

1-2×10-3 

Deviatoric stress 

1-1.75×107 Pa 2.5-3.25×107 Pa 

4-5  large modelled deformation 

 large strains and effects on the 

secondary stresses  

 yielded rock surrounding the 

excavation in all directions 

Displacement 

10-20 mm 

Deviatoric strain inc. 

2-5×10-3 

Deviatoric stress 

0.5-1×107 Pa 3.25 – 4 ×107 Pa 

 

The following can be determined based on the comparisons made and visualized in 

Table 17: 

 Total displacement:  

o Modelled also in access drifts in granite and does not indicate 

large damage according to the field observations.  

 The deviatoric stress match in different sections: 

o PV footwall drifts have overall lower deviatoric stress than in 

EJ, less damages seen here in the mylonite contact overall 

o SO higher deviatoric stress in simulation results in the access 

drifts on the footwall side (locations deeper) 

o Lower stress in mylonite contact in EJ often seen as visible frac-

turing 

o Based on the evaluation it seems that the drifts in Surmaoja are 

less sensitive to variations in the deviatoric stress and that the 

effects are most noticeable in the upper levels in Elijärvi.  

 Deviatoric strain increment + yielded elements:  

o These are often seen at same areas in the simulation results (also 

with modelled deviance in deviatoric stress). 

o Yielded elements seem to have the best agreement with the field 

damage observed among all studied parameters 

2 cases have been selected for further study (chapters 5.1.1-5.1.2), where measurement 

results are available for comparison.  

More damages are seen in mylonite contact in Elijärvi than in Surmaoja and Pohjois-

Viia. Similar kinds of damages are seen in Surmaoja lower levels in the 25-area already 

and less in the levels higher up. The distance from the stopes increases towards the 

footwall, and so the accuracy of the model is lower in these sections, since the mesh is 

coarser further away from the stopes. 
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5.1.1 Case 1: 20-22 area in 275 level 

Access drift of interest is located in rock formation close to the orebody. It has been 

mapped in February with some damages visible in the surface support. The tunnel sec-

tion in question was backfilled before mapping in September, circled in blue in Figure 

32. 

There were no significantly higher deviatoric stresses or displacements is modelled in 

February in this section. According to the simulations the deviatoric strain is not affect-

ing the drift section, see Table 20. The mylonite contact has yielded, but the yielded 

rock does not reach the section in question. Elevated stresses were modelled in July for 

this area and the simulation results indicate that the rock would have yielded now. 

 

Figure 32. GSI rating for the studied area on 275 level. 

Table 20. Damage mapping and simulation results of deviatoric strain (yielded rock 

mass in grey in spring and in lilac in autumn), displacement and deviatoric stress (or-

der from top to bottom) in 21yhp1 and 21yhp2-275. 

Spring 2018 Autumn 2018 
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Deformation in this area is measured with tacheometers, as seen in the results in Figure 

22.The largest measured deformation here is between 3-5 cm and it was recorded at the 

end of 21yhp1 closest to the hangingwall. The other values ranged between 0-1 centi-

metres. The small movements closer to the footwall are supported by the fact that there 

were no clear changes seen between first and second mapping in these areas.  

According to GSI-evaluation done by the geologist the rock mass conditions in the area 

are classified between good and weak, with majority of the drifts having a moderate 

rating, see Figure 32. Based on the data in the database, the joint conditions are like in 

the surrounding drifts. Which leads to the notion that the reason for the seen defor-

mation is stress condition-based.  

Table 21: Comparison of simulated, measured and visually estimated deformation. 

Month Simulated (3DEC) Ex-

pected 

rating  

Ob-

served 

rating 

Measured  

Feb. Displacement = 5–7.5 mm 

Deviatoric stress =2.25×107 Pa 

Deviatoric strain = 5×10-4  

1-2 2-3 - 

Jul. Displacement = 7.5-10 mm 

Deviatoric stress =2.25-3×107 MPa 

and 1-1.25×107 Pa 

Deviatoric strain: Yielded rock 

mass 

2-3 2-3  

(sections 

back-

filled) 

0.03-0.05 m 

 

5.1.2 Case 2: 22-23 area in 325 level 

The bolts measuring elongation in this access drift are in the roof, so deformation in the 

walls is not accounted for in the measurement results that can be seen in Figure 25. 

The biggest elongation is measured by bolt installed by crosscut 224, see Figure 33. 

Since the other bolts have not measured similar elongation, it gives the impression that 

the deformation can be partially dependent on the local joints. The GSI-rating is fair to 

good, see Figure 33. The highest damage classification is rated at the section in the yhp 
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by the crosscut 226, but the fractures and damage to the bolt plates is recorded in the 

walls, see Table 22, which explains why the deformation is not measured by the instru-

mented bolt in the roof. Higher deviatoric stress is simulated in this section in the ore 

contact, which agrees with the observations.  

 

 

 

Figure 33. GSI evaluation made by the mine geologist. The location of the instru-

mented bolt is circled in blue.  

  



  

49 

 

Table 22: Damage mapping and simulation results of deviatoric strain (yielded rock 

mass in grey in spring and in lilac in autumn), displacement and deviatoric stress (or-

der from top to bottom) in 23yhp2-325.  

Spring 2018 Autumn 2018 
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Table 23: Comparison of the measured, observed and simulated results. 

Month Simulated (3DEC) Expected 

rating  

Ob-

served 

rating 

Measured 

(Cavi-

Com) 

Feb. Disp = 7.5–10 mm 

Dev stress =2-2.25×107 Pa 

Dev str: Yielded elements 

1-2 1 0 mm 

Sept. Disp =7.5-10 mm 

Dev stress =2.25-3.25×107 Pa 

Dev str:  Not yielded elements 

1-2 2-3 3-50 mm 
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5.2 Process description for improving accuracy 

 

The process description in Figure 34 is a generalized and simplified strategy for im-

provement of a numerical model. 

 

Figure 34. Process description for improving accuracy of a numerical model. 

To be able to evaluate the condition of the access drifts, that show fewer changes in the 

way of mining induced stress change and strain change in the numerical model, it would 

be useful to adjust the range of the deformation seen in the simulated result plots. The 

indicators of deformations studied in the drifts get obscured by the large changes sim-

ulated in the crosscuts. 

The complexity of the model can be increased step-wise if the selected input-parame-

ters are accurate but the behaviour is not captured even if the method is otherwise 

sound. Since the mining sequence influences the induced stresses it should be ascer-

tained that the sequence used in the modelling stages are correct.  

Before taking the aforementioned steps the alternative of changing the compared pa-

rameters should be explored. Other alternative parameters could be:  

 Maximum and minimum principal stresses  

 Displacement increment 

 Maximum shear strain (Edelbro, et al., 2012) 
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6 Discussion  

6.1 Damage mapping  

Damage mapping was made in the accessible production areas in the mine on several 

occasions. The mapping results generate some subjects of discussion.  

In crosscuts the major part of the damages that are visible on the perimeters are sup-

posedly caused by the mining of the stope in the level below or from mining in the 

neighbouring crosscuts, leading to changes in the stress conditions. If this is true then 

the damages here could be minimized by adopting a careful mining practice, where the 

damage inflicted on the rock mass surrounding each stope should be minimised. 

The sections in the tunnels with uneven surfaces have often been containing most of 

the bent bolt plates that were mapped during this work. In many cases there are adjacent 

fractures visible near the same locations in drifts that are otherwise in good condition. 

A smooth tunnel profile might exhibit fewer damages later. 

The fallouts of shotcrete observed in the tunnels might be depending on quality issues 

in the shotcrete lining, where it has poor adhesion to the roofs and walls after applica-

tion i.e. it does not necessarily reflect deformations in the tunnels and might not after 

all be a rock mechanics issue. This makes it harder to evaluate the reason for the visible 

defect. There are access tunnels with shotcreted mesh where the fallout happens on top 

of the mesh, even though it should be better bounded by the mesh than without. Includ-

ing the damage type of fallouts that are caused by fracturing of the shotcrete in the 

crosscuts in future mappings can be re-evaluated.  

Floor heave that could indicate larger movements is hard to evaluate by visiting the 

sites occasionally, with deformation already taken place and constantly ongoing devel-

opment. The development process in the mine can create fluctuations in the road level 

and inclination by design and by excavation/backfill.  

Even though there is a risk of having more damages forming in locations with heavy 

water leakage, the presence of water is not necessarily directly correlated to the for-

mation of a big number of damages, based on the damage mapping. Generally, the tun-

nel surfaces were wetter when mapping in the autumn, with the areas close to ventila-

tion exits often being drier than the surroundings. The heaviest water leakages (3 drops) 

were mostly still located in the same places in the autumn as when doing the baseline 

mapping, which can indicate ground water flowing along exiting structures in the rock 

mass. Saline groundwater makes the corrosion process faster, shortening the servicea-

ble time of the ground support. 

6.2 Evaluation of numerical model 

An occasional or good level of correlation to damage mapping results is often found in 

the production levels for access drifts and crosscuts, from one or several of the simula-

tion parameters. The simulated parameter with the best agreement varies somewhat in 

different levels and sections of the orebody, even though there is a linkage between the 

different parameters, i.e. the deviatoric stress is connected to the occurrence of devia-

toric strain in the drifts, but these two parameters did not always have equally good 

agreement. This can be caused by the fact that the yielded elements seen in the devia-

toric strain increment plots were also included in the evaluation of deviatoric strain.   
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The simulated displacement was seldom seen correlating strongly with the results from 

the damage mapping. A possible reason is that the deformation modelled is not the 

deformation of the drift itself, but the deformation of the rock mass in the area where 

the drift is located which is projected to the location of the tunnels, so hence the entire 

drift can be displaced without necessarily showing damage in the ground support.  

A possibility that is created by a model with high level of agreement is that tunnel 

condition based supporting could be applied (more in areas with worse prerequisition 

and vice versa), if it was possible to determine the root cause for the damages in the 

drifts, whose instability is stress-related. By using more extensive support there and 

less overall money and time could be saved.  

A source of error in the direct comparison made in the case studies is that there is an 

error margin in the measurement methods that is unknown at the time of writing and 

therefore it has not been taken into account, when comparing the results from the mon-

itoring with the mapping and simulations.   
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7 Conclusion and Further Work 

7.1 Conclusion 

7.1.1 Damage mapping  

A partial goal with this work has been to make damage mapping in the current product 

levels and for this task damage mapping classifications in regard to damages in the 

ground support and quantity of water leakage in the excavations have been created. 

These have been used during reoccurring mapping in the production levels.  

When comparing the condition of the excavations between the mapping periods it is 

seen that fractures in shotcrete grow in quantity and length and the amount of fallouts 

has increased with mining advance. Recently developed and supported drifts mainly 

show less damages than older ones. Based on the results it can be concluded that mine-

related deformation is taking place, even when moving further from the orebody to-

wards the footwall side. Damage progression like the one seen in crosscuts and access 

drifts in the orebody are not seen in the tunnels developed in the granite. Based on this 

the continuous mapping of the drifts in granite in the lower levels, especially in Sur-

maoja could be done less frequently than in the excavations in the formation side.  

7.1.2 Evaluation of numerical model 

Another aim of the project was to evaluate how accurately the mine-scale numerical 

model made over Kemi Mine considering the damages seen in the access drifts and 

crosscuts.  This has been done by comparing the results between damage mapping in 

the production levels and simulated results of deviatoric stress, deviatoric strain and 

total displacement.  

In the comparison it is seen that the resulting plots from the simulations coincide in a 

very alternating manner in the different levels and also between the mappings made in 

spring and autumn. There are often seen individual drifts or sections of drifts, for ex-

ample by crossings, where the accuracy is poorer. Based on this the results from the 

deviatoric strain (including yielded elements) and the deviatoric stress in the levels 

could be studied. The areas where stability issues are caused by the stress in the rock 

mass can arise with more certainty here than when comparing with the total displace-

ment. Because none of the studied parameters reflect the real mapped situation in the 

excavations with high reliability the alternatives raised in the process description could 

be studied further to see if the results could be made more reliable in the mine-scale 

model, or if the best approach would be to study the drifts in local models instead.  

7.2 Further Work 

7.2.1 Suggestions on improving damage mapping 

The damage mapping process can be improved by utilizing electronic equipment, in-

stead of drawing the maps on paper that require multiple steps in handling and are prone 

to damage from moisture and dirt when handled in an underground environment. For a 

more accurate positioning of the damages in the drifts would be possible with a laser 

measurer or other similar tools.  
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The damage rating could be improved by having monitoring in place to measure the 

depth of deformation in the wall with multipoint extensometers. With a more detailed 

mapping and monitoring system the depth of damages around the tunnels could be ver-

ified and included in the damage rating. Rehabilitation is done before the deformation 

is large so to capture the total convergence of the tunnel it should be mapped repeatedly, 

after rehabilitation, when new fracturing is initialized. 

An evaluation of transition over to the damage classification proposed by Sandy et al 

(2010) can be made, but one classification system or another should probably be used 

to quantify the rate of damage progression between, especially if the mapping is done 

by several different individuals. An adjustment to the practice of damage mapping can 

be evaluated where the mapping can be done continuously instead of in periodically, 

like it has been done during this project. In the current production levels, the damage 

mapping results could be used to adjust mining parameters used in the planning of 

blasting and sequence by studying the created damage from mining of individual 

stopes, if the mapping is made continuous.  

7.2.2 Suggestions on improving numerical modelling and comparison 

The simulated results, when the current settings are used for plotting, do not show the 

behavior in deviatoric stress and deformation with great clarity in the access drifts 

where small deformation is taking place. To be able to study the condition of the access 

drifts, that show fewer changes in the way of mining induced stress change and strain, 

it would be useful to adjust the range of the deformation seen in the simulated result 

plots. The deformations in the drifts get obscured by the large changes in the crosscuts.  

It is also plausible that local changes in the rock mass properties, like decreased strength 

and heavier jointing, are the reason to why some sections that show some deformation 

have no such indicators in the numerical model and vice versa. Because of the time 

limitations a more comprehensive comparison of the possible influencing factors could 

not be made. This is a step to take when continuing improving the agreement seen be-

tween the simulation results and the reality of the conditions in the excavations.  

The study of the numerical model vs the conditions in the tunnels can be continued so 

that the different stress states in the drifts could be connected to certain types of failure 

and geological conditions to be better able to foresee the areas where damage will occur 

reliably and to be able to adjust the support to mitigate the effects of this deformation. 

For this kind of prediction local models should be made, where the damages can be 

studied on the tunnel cross-section. Introducing systematic mapping in the new mine is 

recommended to be able to follow up on the stability of the tunnels and to be able to 

improve the accuracy of the numerical model for this area, since the backwards opti-

mizing that has been used in the current mine is not possible. 

The process description given is theoretical, but could be made more detailed for further 

adaptation at Kemi mine in the future.   
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Appendix A: Parameters in the 3DEC model 

 
Table A.1: The used parameters in the numerical model and the measured values if 

there are some. In case of multiple results for the same parameter an average value is 

used. 

Parameter Symbol Value in model Unit 

 General   

Depth z 400 m 

In situ stress state 

Major horizontal 

stress 

- direction 

(fr x-axis) 

Minor horizontal 

stress 

- direction 

(fr x-axis) 

Vertical stress 

 

σ1 

 

σ2 

 

σ3 

 

-40 

186 

-15 

96 

-15 

 

MPa 

° 

MPa 

° 

MPa 

Calculation steps  2000  

Max Unbalanced 

force for eq. 

 1 e-6  

 Peridotite 

Unconfined 

compressive strength 

of intact rock 

σ ci 170 MPa 

Geological strength 

index 

GSI 62  

Intact rock parameter mi 6.8  

 Ei 77 000 MPa 

Poisson´s ratio v 0.3  

Dilation  6 ° 

Unit weight   2 900 kg/m3 

Young´s modulus E 43.5 GPa 

Shear modulus G 16.7 GPa 

Bulk modulus K 36.3 GPa 

  Peak D res 0.5 D res 0.7  

Disturbance factor D 0 0.5 0.5  



 mb 1.75 1.11 1.11  

 s 0.0147 0.0063 0.0063  

 a 0.5 0.5 0.5  

 σ3max 5.7 5.61 5.61 MPa 

Cohesion c 3.92 2.91 2.91 MPa 

Friction angle ϕ 46 43 43 ° 

UCS σ c 20 13 13 MPa 

Tensile strength σ t -1.42 -0.96 -0.96 MPa 

Global rock mass 

strength 

σ cm 33 26 26 MPa 

 Erm 43530 23343 23343 MPa 

 Granite 

Unconfined 

compressive strength 

of intact rock 

σ ci 150 MPa 

Geological strength 

index 

GSI 62  

Intact rock parameter mi 23  

 Ei 81 000 MPa 

Poisson´s ratio v 0.26  

Dilation  7 ° 

Unit weight   2 650 kg/m3 

Young´s modulus E 45.8 GPa 

Shear modulus G 18.2 GPa 

Bulk modulus K 31.8 GPa 

  Peak D res 0.5 D res 0.7  

Disturbance factor D 0 0.5 0.5  

 mb 5.92 3.77 3.77  

 s 0.0147 0.0063 0.0063  

 a 0.5 0.5 0.5  

 σ3max 5.37 5.29 5.29 MPa 

Cohesion c 3.41 2.79 2.79 MPa 

Friction angle ϕ 56 53 53 ° 

UCS σ c 18 12 12 MPa 

Tensile strength σ t -0.37 -0.25 -0.25 MPa 



Global rock mass 

strength 

σ cm 50 39 39 MPa 

Deformation modulus Erm 45792 24556 24556 MPa 

 Ore at Pohjois-Viia 

Unconfined 

compressive strength 

of intact rock 

σ ci 91 MPa 

Geological strength 

index 

GSI 66  

Intact rock parameter mi 10  

 Ei 45 000 MPa 

Poisson´s ratio v 0.33  

Dilation  6 ° 

Unit weight   3 841 kg/m3 

Young´s modulus E 29.4 GPa 

Shear modulus G 11.0 GPa 

Bulk modulus K 28.8 GPa 

  Peak D res 0.5 D res 0.7  

Disturbance factor D 0 0.5 0.5  

 mb 2.97 1.98 1.98  

- s 0.0229 0.0107 0.0107  

 a 0 0.5 0.5  

 σ 3max 7.27 7.17 7.17 MPa 

Cohesion c 3.27 2.66 2.66 MPa 

Friction angle ϕ 44 41 41 ° 

UCS σ c 14 9 9 MPa 

Tensile strength σ t -0.70 -0.49 -0.49 MPa 

Global rock mass 

strength 

σ cm 23 18 18 MPa 

Deformation modulus Erm 29 389 16 626 16 626 MPa 

 Ore at Elijärvi 

Unconfined 

compressive strength 

of intact rock 

σ ci 91 MPa 

Geological strength 

index 

GSI 70  



Intact rock parameter mi 10  

 Ei 45 000 MPa 

Poisson´s ratio v 0.33  

Dilation  6 ° 

Unit weight   3 600 kg/m3 

Young´s modulus E 33.0 GPa 

Shear modulus G 12.4 GPa 

Bulk modulus K 32.3 GPa 

  Peak D res 0.5 D res 0.7  

Disturbance factor D 0 0.5 0.5  

 mb 3.43 2.40 2.40  

 s 0.0357 0.0183 0.0183  

 a 0 0.5 0.5  

 σ 3max 6.88 6.79 6.79 MPa 

Cohesion c 3.64 2.97 2.97 MPa 

Friction angle ϕ 46 43 43 ° 

UCS σ c 17 12 12 MPa 

Tensile strength σ t -0.95 -0.70 -0.70 MPa 

Global rock mass 

strength 

σ cm 26 21 21 MPa 

Deformation modulus Erm 32 977 19 684 19 684 MPa 

 Talc-carbonate at Elijärvi 

Unconfined 

compressive strength 

of intact rock 

σ ci 70.5 MPa 

Geological strength 

index 

GSI 66  

Intact rock parameter mi 10  

 Ei 45 000 MPa 

Poisson´s ratio v 0.3  

Dilation  6 ° 

Unit weight   3 000 kg/m3 

Young´s modulus E 29.4 GPa 

Shear modulus G 11.3 GPa 

Bulk modulus K 24.5 GPa 



  Peak D res 0.5 D res 0.7  

Disturbance factor D 0 0.5 0.5  

 mb 2.97 1.72 1.72  

 s 0.0229 0.0072 0.0072  

 a 0 0.5 0.5  

 σ 3max 5.67 5.56 5.56 MPa 

Cohesion c 2.54 1.88 1.88 MPa 

Friction angle ϕ 44 40 40 ° 

UCS σ c 11 6 6 MPa 

Tensile strength σ t -0.54 -0.30 -0.30 MPa 

Global rock mass 

strength 

σ cm 18 13 13 MPa 

Deformation modulus Erm 29 389 14 371 14 371 MPa 

 Serpentinite 

Unconfined 

compressive strength 

of intact rock 

σ ci 154 MPa 

Geological strength 

index 

GSI 66  

Intact rock parameter mi 15  

 Ei 75 000 MPa 

Poisson´s ratio v 0.228  

Dilation  13 ° 

Unit weight   3 500 kg/m3 

Young´s modulus E 49.0 GPa 

Shear modulus G 19.9 GPa 

Bulk modulus K 30.0 GPa 

  Peak D res 0.5 D res 0.7  

Disturbance factor D 0 0.5 0.5  

 mb 4.45 2.97 2.97  

 s 0.0229 0.0107 0.0107  

 a 0.5 0.5 0.5  

 σ 3max 6.94 6.85 6.85 MPa 

Cohesion c 4.32 3.50 3.50 MPa 

Friction angle ϕ 52 49 49 ° 



UCS σ c 23 16 16 MPa 

Tensile strength σ t -0.79 -0.56 -0.56 MPa 

Global rock mass 

strength 

σ cm 46 37 37 MPa 

Deformation modulus Erm 48 981 27 710 27 710 MPa 

 

Table A.2: Properties for the joints included in the model.  

Geometric joint properties Value Unit 

jkn 1000e9  

jks 100e9  

friction 60 deg 

cohesion 1000e6 Pa 

tensile 1000e6 Pa 

Non-geometric joint properties Value Unit 

jkn 200e9  

jks 10e9  

friction 30 deg 

cohesion 0.5e6 Pa 

tensile 0e6 Pa 

 

  



Appendix B: Damage mapping – February 

 
Actual size of maps is A3 (horizontal layout), note this if assessing size and length 

based on the maps in this document. The order is from top level towards the bottom, 

hence the results from Elijärvi and Pohjois-Viia are presented first, followed by the 

damage maps from Surmaoja orebody. Only the areas of the levels are included where 

there is production activity during the time of the mapping.  
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Surmaoja 
400-level: 
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Appendix C: Surpac maps – February 
 

The measured drifts in the plots are from the current progress in September and a 

description of the colors used can be seen in Table C.1. Plots of the digitized maps 

have been resized to fit the page size, i.e. the scale that can be seen in the title block is 

accurate for a page size A3 (horizontal layout). 

Table C.1: Damage classification compared to color code used in the digitized maps.  

Class Color 

5  

4  

3  

2  

1  

0  

 

Levels 275-350 – Elijärvi and Pohjois-Viia: 

 



 

 



 
Levels 400-525 – Surmaoja: 

 



 

 



 

 



  



  

Appendix D: Results from numerical model - February 

Table D.2: Legends for the parameters studied in the plots from the numerical model. The 

deviatoric strain increment plots also show yielded elements in grey.  

Total displacement (m) Deviatoric stress  

(Pa) 

Deviatoric strain increment 

 

 

 

 

Elijärvi and Pohjois-Viia 

275-level: 

 

Figure D.1. Modelled total displacement. 

 



  

 

Figure D.2. Modelled deviatoric stress.  

 

Figure D.3. Modelled deviatoric strain increment. .  

 

  



  

300-level: 

 

Figure D.4. Modelled total displacement.  

 

Figure D.5. Modelled deviatoric stress.  

 



  

 

Figure D.6. Modelled deviatoric strain increment.  

 

325-level: 

 

Figure D.7. Modelled total displacement.  

 



  

 

Figure D.8. Modelled deviatoric stress.  

 

Figure D.9. Modelled deviatoric strain increment.  

 

  



  

Surmaoja 

450-level: 

 

Figure D.10. Modelled total displacement.  

 

Figure D.11. Modelled deviatoric stress. 

 



  

 

Figure D.12. Modelled deviatoric strain increment.  

 

475-level: 

 

Figure D.13. Modelled total displacement.  

 



  

 

Figure D.14. Modelled deviatoric stress.  

 

Figure D.15. Modelled deviatoric strain increment.  

 

  



  

500-level: 

 

Figure D.16. Modelled total displacement.  

 

Figure D.17. Modelled deviatoric stress.  

 



  

 

Figure D.18. Modelled deviatoric strain increment.  

 

525-level: 

 

Figure D.19. Modelled total displacement.  

 

  



  

 

Figure D.20. Modelled deviatoric stress.  

 

Figure D.21. Modelled deviatoric strain increment.  
 

  



  

Appendix E: Damage mapping - April 

In the levels below 475 in Surmaoja changes in the overall condition of the tunnels where the 

mining had progressed could be seen already when comparing the first mapping (February 2018) to 

the situation in April, and therefore a new mapping was made there. The first drifts in DeepMine, 

included in the TrialMining are in the formation zone, so these drifts were baseline-mapped. 
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Appendix F: Surpac maps – April 

The measured drifts seen in the plots beside the damage classification are the current state progress 

of the excavations, in october. The used colors corresponding to the damage classification are the 

same as the ones used in the digitized maps in february, see Table F.1. Note that the real size of the 

digitized damage map plots is A3, so the scales in the title blocks are not accurate for the smaller 

versions included in this document.  

Table F.1: Colors used in the digitized maps, corresponding to the damage classification levels.  

Class Color 

5  

4  

3  

2  

1  

0  
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Appendix G: Damage mapping July- October 

Note: all damages to bolts and raising/unnevenness of the floor have been mapped 4-5.10.2018  
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Appendix H: Surpac maps – July-October 

 
The used colors corresponding to the damage classification are the same as the ones used in the 

digitized maps in february, see Table H.1. Note that the real size of the digitized damage map plots 

is A3, so the scales in the title blocks are not accurate for the smaller versions included in this 

document.  

Table H.1: Colors used in the digitized maps, corresponding to the damage classification levels.  

 

Class Color 

5  

4  

3  

2  

1  

0  
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Appendix I: Results from numerical model – July-September 
Note: Pictures for the same time-period as the mapping has been done in  

Table I.1. Legends for the plots from the numerical model. Yielded elements are shown in the 

deviatoric strain increment plots in lilac.  

Total displacement  

(m) 

Deviatoric stress  

(Pa) 

Deviatoric strain increment 

 

 

 

Elijärvi and Pohjois-Viia 

275-level: 

 

Figure I.1. Modelled total displacement in July.  

 

  



  

 

Figure I.2. Modelled total displacement in September. 

 

Figure I.3. Modelled deviatoric stress in July. 



  

 

Figure I.4. Modelled deviatoric stress in September.  

 

 

Figure I.5. Modelled deviatoric strain increment in July.  



  

 

Figure I.6. Modelled deviatoric strain increment in September.  

 

300-level: 

 

Figure I.7 Modelled total displacement.  



  

 

Figure I.8. Modelled deviatoric stress.  

 

Figure I.9. Modelled deviatoric strain increment.  

 

  



  

325-level: 

 

Figure I.10 Modelled total displacement. 

 

Figure I.11. Modelled deviatoric stress. 



  

 

Figure I.12. Modelled deviatoric strain increment. 

 

350-level: 

 

Figure I.13 Modelled total displacement. 



  

 

Figure I.14. Modelled deviatoric stress 

 

Figure I.15. Modelled deviatoric strain increment. 

 

  



  

Surmaoja 

450-level: 

 

Figure I.16. Modelled total displacement in July.  

 

 

Figure I.17. Modelled total displacement in September.  



  

 

Figure I.18. Modelled deviatoric stress in July.  

 

Figure I.19. Modelled deviatoric stress in Spetember.  



  

 

Figure I.20. Modelled deviatoric strain increment in July.  

 

Figure I.21. Modelled deviatoric strain increment in September.  

 

  



  

475-level: 

 

Figure I.22. Modelled total displacement.  

 

Figure I.23. Modelled deviatoric stress.  



  

 

Figure I.24. Modelled deviatoric strain increment.  

 

500-level: 

 

Figure I.25. Modelled total displacement. 



  

 

Figure I.26. Modelled deviatoric stress. 

 

Figure I.27. Modelled deviatoric strain increment. 

 

  



  

525-level: 

 

Figure I.28. Modelled total displacement. 

 

Figure I.29. Modelled deviatoric stress. 



  

 

Figure I.30. Modelled deviatoric strain increment. 

 

  



  

Appendix J: Evaluation of simulation results 

The evaluation is made by doing a comparison on each level between the digitized mapping results 

and the plot from the numerical result dfor each parameter, for the access drifts and the crosscuts – 

separetly. The ratings used can be seen in Table J.1. The results of the comparison made can be 

studied in Table J.2.  

Table J.1. Description of the different rating categories.  

Rating  Colour Description 

Good  Areas where the simulation results indicate damages overlap with the 

mapped results, with maximum 1-2 exceptions /level. 

Occasional 
 Some of the areas indicated by the simulation results overlap with the 

mapped results, more than half of the accessible drifts (based on visual 

estimation) 

Uncertain  Agreement between mapped and simulated results could not be verified 

Bad  The areas indicated by simulation results do not coincide with the 

mapped results. 

 

 

Table J.2. Results from the comparison, per level and time period. .  

275 – Spring 2018 

Parameter Access drift Crosscut 

Total displacement Bad Bad/Unc 

Damages seen most in pv12 yhp1 and 21-22 yhp2 and 

3, also in 221lop1. Simulated displacement largest in 

19yhp3 and 20yhp2 (1-1.25 cm). Not many signs of 

deformation seen during mapping in the tunnels in 

Pohjois-Viia, nor indicated in the simulated 

displacement results.  

Deviatoric stress Good Good/Unc 

Mylonite contact has lower deviatoric stress and 

fractures are seen in Elijärvi. Slightly elevated stress 

seen in 21yhp2 where rating 3. Only one crosscut 

developed during the mapping to compare to, some 

variation in deviatoric stress is simulated in this 

crosscut.  

Deviatoric strain inc. Occasional Bad/Unc 

No modelled strains for the drifts in this level. Yielded 

elements often seen where damage rating is 2, in EJ in 

most mylonite contacts. Not as noticeable in Pohjois-

Viia, where the damage rating is 1, even in the contacts. 

221lop1 has no modelled strains or yielded elements. 



  

275 – Autumn 2018 

Parameter Access drift Crosscut 

Total displacement Bad Uncertain 

Newest excavations not seen in simulation results, some 

damages and stability issues encountered in these parts. 

The only are with more deformation is the 19-20 drifts, 

but there are signs of deformations visible in Pohjois-

Viia 12 yhp1 (1-3), 13yhp1 (0-3).  

Deviatoric stress Occasional Uncertain 

Most damages seen in 20-21 area crosscuts, but 

damages are also seen in mylonite contact zones in 

Elijärvi and pv12-13 yhp1 access drifts. The deviatoric 

stress is lower in the mylonite contact zone according to 

the simulation. The deviatoric stress is elevated in the 

backfilled section of 21yhp2.  

Deviatoric strain inc. Occasional Uncertain 

No deviatoric strains affecting the drifts are modelled, 

but the yielded elements correspond well with seen 

damages in Elijärvi access drift areas, slightly less in 

Pohjois-Viia where the rock isn´t yielded around the 

areas where the damage rating is 2-3. 

300 – Spring 2018 

Parameter Access drift Crosscut 

Total displacement Bad Bad 

Modelled highest displacements (1-1.25 cm) in  

19yhp1, more damages seen in 20 area access drifts,  

crosscuts and mylonite contacts in Elijärvi (damage 

rating 2-3). Also in granite simulated in tp 2, not seen 

during mapping. No larger displacements modelled in 

Pohjois-Viia, simulation results indicate movements of 

5-7 mm. Damages are seen in mylonite contacts and 

12yhp1.  

Deviatoric stress Occasional Occasional 

Elevated deviatoric stresses simulated in Elijärvi 

crosscuts, from 30-40 MPa. Damages rated 2-3 in 

crosscuts and access drifts here in the orebody. 

Mylonite contact in Elijärvi agrees with simulation, 

damages seen where deviatoric stress is lower. 



  

Variations in deviatoric stress (1.25-2.75) level in pv 

12yhp1. Damages are seen in the sections in and close 

to the ore lenses, rating from 0-3. 

Deviatoric strain inc. Occasional Occasional 

Modelled by active stopes in EJ. Damages seen. PV 

more damages seen close to yielded rock. EJ often 

damages seen where (not 216) yielded rock. 

300 – Autumn 2018 

Parameter Access drift Crosscut 

Total displacement Bad Bad 

Displacement modelled in granite and crosscuts mainly 

in the 19-20 area, smaller displacement have also been 

modelled in Pohjois-Viia 14 area. Some more damages 

are seen in the crosscuts and access drift in pv12-14 and 

Elijärvi 16 and 23 access drifts.  

Deviatoric stress Occasional Bad 

Simulated deviations in the deviatoric stress agree with 

the damages seen in Elijärvi better than in the crosscuts 

in Pohjois-Viia, where more damages are seen than 

modelled. The access drifts are partly agreeing with the 

simulation results, but the amount of visible damage is 

not correlating with level of deviatoric stress. In Elijärvi 

the lower deviatoric stress in the mylonite contact is 

linked with the lower deviatoric stress.  

Deviatoric strain inc. Good Good 

Deviatoric strain is modelled in drifts where damages 

are seen in EJ 20 area. The yielded elements match the 

areas where more developed damages are observed (2-

3) in this level. Exceptions in the access drifts are 16-17 

area access drifts, crossings to the new crosscuts in 18 

area. 

325 – Spring 2018 

Parameter Access drift Crosscut 

Total displacement Occasional Bad 

Some simulations are in pv13 yhp2, 14 yhp1. 16-19 

yhp2 and 3 not accurate. Displacement in mylonite not 

seen. Few crosscuts accessible in 20- 22 area where 

modelled displacement is largest. 23 area crosscuts and 

pv do not show not good agreement. 



  

The modelled deformation is small in PV11-12, below 

10 cm. the exception is the open stope in pv122, but 

there are more damages mapped in this area. . 

Deviatoric stress Bad Occasional 

Better agreement in crosscuts in Elijärvi closer to the 

footwall. PV 11 area and pv14 yhp1 not as accurate. 

Access drift in EJ in 16-19 area has damages. The 

damages seen in the mylonite contact in EJ coincide 

with the zones of lower deviatoric stress, the mylonite 

contact has lower deviatoric stress than the surrounding 

drifts 

Deviatoric strain inc. Occasional Occasional 

Yield quite often equals to damage. Strain is simulated 

by stopes. Little in access drifts in EJ. 23yhp2, 20,19 

and 21 yhp1 not seen. Damage in 16 yhp1 not captures. 

strain in the magnitudes of 5-2e-3 

Yielded rock in ore domain in 11-13 area according to 

the results from the numerical model. The observed 

condition in the drifts is not good. Exception; 114 lop2, 

that does not yet show deformation. 11 yhp1 also has 

sections in good condition. 

325 – Autumn 2018 

Parameter Access drift Crosscut 

Total displacement Bad Bad/Uncertain 

Few crosscuts are accessible for mapping in Elijärvi, so 

if the deformations in the area where the total 

displacement has been modelled high cannot be verified 

with certainty. Damages in the range of 2-3 are mapped 

in most of the accessible crosscuts in this level, but 

these are not visible in the modelled displacement. 

16yhp1 and 23 area in Elijärvi have visible damage in 

the ground support that is not indicated in the 

simulations results for total displacement.  

Deviatoric stress Occasional Good 

There is agreement in the results between the mapped 

damages in the crosscut and the modelled deviatoric 

stresses. The agreement is better verified in pv 13-14 

area crosscuts than in Elijärvi where only a limited 

number of crosscuts remain accessible.   

The access drifts in Pohjois-Viia have some damages, 

but the dependency to the deviatoric stress is not clear. 



  

In Elijärvi there are varying damage ratings in the drifts 

regardless of the deviatoric stress in that location.   

Deviatoric strain inc. Occasional Occasional 

Drifts where the mapped damages are not seen in the 

results for the deviatoric strain increment are 16 yhp 1, 

19yhp1, 12 yhp1 and the 23 area. Yielded rock overlaps 

with the damages observed in Pohjois-Viia in the worst 

areas, i.e. crosscuts on the hangingwall side. There are 

damages in the mylonite contact zone in Elijärvi where 

the elements also have yielded in the numerical model. 

350– Spring 2018 

Parameter Access drift Crosscut 

Total displacement Occasional Uncertain 

The total displacement is agreeing with the mapping 

results in Elijärvi 23 area and Pohjois-Viia access drift 

sections where damages in the ground support is 

observed. The damages in the accessible 19 area are 

smaller in compared to what the simulation results let 

on. The simulation displacements also continue into the 

granitic domain where larger damages weren´t mapped. 

The access to crosscuts is very limited during the 

mapping.   

Deviatoric stress Bad Uncertain 

The access drift 23yhp1 has a damage rating of 3, but 

the deviatoric strain does not reflect this state. The low 

stress in the granite in Elijärvi is not related to visible 

damage in the drift. There is a lot of deviation in the 

deviatoric stress in this level and a few crosscuts are 

accessible anymore. There is a large area of low 

deviatoric stress in Pohjois-Viia  

Deviatoric strain inc. Bad Uncertain 

The access drifts that have had damages during the 

damage mapping have often no simulated deviatoric 

strain or yielded elements by the drift section that are in 

a bad condition (2-3). The same is true in Elijärvi for 

16yhp1 and also partly for 19yhp1. There is better 

agreement with 23yhp1. 

450 – Spring 2018 

Parameter Access drift Crosscut 

Total displacement Good Uncertain 



  

Many crosscuts are missing in simulation results, but 

damages are rated only from 0-1, so larger modelled 

displacements are not expected. The damages are 

limited to a few fractures in pillars in 27-30 area and at 

the 24 -475 drift both walls have small fractures. 

Deviatoric stress Occasional Uncertain 

With light and medium green equalling rating 0-1. In 

25yhp3 higher strain modelled than damage mapped. 

More indicated deformation next to stope at 24 area. 

Deviatoric strain inc. Good Occasional 

Strain by stope s and yield, but not much damage seen. 

Access drifts in good condition and the simulation 

results are in agreeance. 

450 – Autumn 2018 

Parameter Access drift Crosscut 

Total displacement Occasional Uncertain 

The total displacement results agree well overall in the 

27-30 region access drift where only locally damage 

rating 3 was observed, otherwise the damages were in a 

class of 0-1. The damages seen in 25 yhp1 and 3 are not 

seen as displacement in the modelling result.  

Deviatoric stress Occasional Uncertain 

The access drift 28 yhp1 and 3 has higher deviatoric 

stress according to the simulation results. The same is 

also true for 30 yhp1 and 2, but the deviatoric stress is 

lower here. Any effect of the higher deviatoric stress 

has not been observed during the damage mapping. 25 

yhp1 and 3 have some fractures in the surface support. 

The simulation results state that the deviatoric stress is 

higher in 25yhp3 but not in yhp1.  

Deviatoric strain inc. Occasional Uncertain 

No deviatoric strain is modelled for the excavated 

drifts, which coincides with the mapping results in 27-

30 area access drifts, but not as well with the mapping 

result in 25yhp1 and 3, where damages in the range of 

1-3 were observed. There are some yielded elements by 

the orebody seen in this level, which is close to the 

areas where higher damage ratings are evaluated in the 

crosscuts during the mapping. 

 

 



  

475 – Spring 2018 

Parameter Access drift Crosscut 

Total displacement Bad Bad 

In 273lop1 the damage rating is 2, this is not evident in 

the simulation results. 27-28 access drifts and crosscuts 

do not show the modelled displacements in the ground 

support. In the 24-26 area, higher displacements are 

modelled (up to 2 cm), but damage to the support is 

only seen in two drifts (damage rating 2). 

Deviatoric stress Good Bad 

The simulated deviatoric stress corresponds well to the 

observed damages, if light + med green = 0-1. Higher 

stresses simulated in the crosscuts in 27-30 region than 

damages indicate. In 24-26 region there are both higher 

and lower deviatoric stresses modelled for the 

crosscuts. Here too the stresses would implicate higher 

deformation than what is observed.  

Based on the simulated deviatoric stresses the damages 

could be expected to be more developed in 272 lop1 

than 273 lop1, this is not seen during damage mapping.  

Deviatoric strain inc. Good Bad 

No strains modelled for access drifts and only small 

damages seen so the results agree well. In the 25-26 

area crosscuts simulations indicate more damages than 

what where seen (mapped damages rate from 0-2 and 

indicated ratings are 3-5). The crosscuts where the rock 

has yielded correspond slightly with the areas where 

more developed damages were seen (rating 1-2). 

475 – Autumn 2018 

Parameter Access drift Crosscut 

Total displacement Occasional Occasional 

In general there is not much damage seen in the access 

drifts in this level. The locations of the most damages 

sections do not coincide with the ones seen in the 

simulated total displacement results (25yhp1, 27yhp3). 

There is somewhat limited access to the crosscuts in 

this level, but the simulated total displacement for the 

crosscuts shows some agreement with the results from 

the damage mapping, for example the damages in 26, 

27 and 29 area crosscuts coincide well.   



  

Deviatoric stress Occasional Occasional 

 Very high values are seen in the simulation results in 

the crosscuts and in some sections of the access drifts in 

this level. The damages indicated by these values 

exceed the ones seen during the mapping. In the 

accessible parts of the crosscuts the damages observed 

are smaller than the ones indicated by the numerical 

model. The damages mapped in 25yhp1 are not seen in 

the deviatoric stress plots.   

Deviatoric strain inc. Occasional Good 

The deviatoric strain increment is seen influencing the 

drifts near stopes according to the numerical model. 

During damage mapping it is seen that there are 

developed damages in many of the crosscuts in this 

level (up to a rating of 3), and in almost all of these 

drifts there are yielded elements adjacent to these drifts.   

25 yhp1 and 30 yhp1 have some damages that are not 

reflected in the modelling results. 

500 – Spring 2018 

Parameter Access drift Crosscut 

Total displacement Occasional Bad 

Better agreement with mapping results for access drifts 

in 27-28 area, but larger total displacement simulated in 

24yhp3 than mapped (up to 2cm). In 24-26 

displacements are modelled in the crosscuts, which 

were not seen. The agreement is occasional for the 

crosscuts in the 27-28 area. 

Deviatoric stress Occasional Occasional 

Access drift 24 yhp3 has larger damages indicated by 

the modelled deviatoric stress than observed during 

mapping. The deviatoric stress is lower than in the 

surrounding drifts (5 MPa). Many of the crosscuts in 

this level have raised deviatoric stress (40 MPa). 

Deviatoric strain inc. Good Occasional 

Yielded elements have good agreement in the access 

drifts in this level. 25 area crosscuts in better condition 

than indicated by the simulated deviatoric strain 

increment.  Crosscut sections within in the orebody 

have high deviatoric strain according to the numerical 

model, and the drifts show in most cases some 

fracturing (damage rating 1-2). 254-256lop1 have no 

visible deformation even though the rock mass has 

yielded by these excavations. 



  

500 – Autumn 2018 

Parameter Access drift Crosscut 

Total displacement Occasional Uncertain 

The 27-28 area has good agreement between the results. 

The damages seen in the ground support in 25yhp1 and 

the crossing to 25yhp3 are not reflected in the plots for 

total displacement. The access to the crosscuts in this 

level is very limited at the time of the mapping, hence 

the evaluation is hard to make in regards to these 

excavations.  

Deviatoric stress Occasional Uncertain 

The end of 27yhp1 and 25yhp3 have mapping results 

that deviate from the simulated results. There is some 

small deviation seen in the value of the deviatoric stress 

by the mylonite contact in the access drifts, but the 

damages mapped in 24 yhp1 are deemed larger than the 

ones indicated by the numerical model result. The 

crosscuts in 27 are that were mapped agree well with 

the simulated results.  

Deviatoric strain inc. Occasional Uncertain 

All of the orebody has yielded elements according to 

the plots and all of the crosscuts have deviatoric strain 

according to the plots from the numerical model. 

Damages mapped in 25 yhp1 rated 2 and 3 are not seen 

in the results from the modelling. 

525 – Spring 2018 

Parameter Access drift Crosscut 

Total displacement Occasional Occasional/ Uncertain 

The simulated total displacement in 25yhp3 has 

displacement, which is not seen during mapping. 28 

yhp 1 more damages seen than modelled. 27 area good 

agreement in the sections that were accessible during 

mapping.  Damages in crosscuts seen in simulation 

results, but the largest displacements are in inaccessible 

parts of the drifts.  

Deviatoric stress Occasional Bad/Uncertain 

Some higher strains are simulated in 30yhp1 than the 

mapped damages. 28yhp1  The section of 25yhp3 (252-

254) that has more fracturing is having a lower 

deviatoric stress than the other drift sections in the 24-



  

26 area, except for the crossing to 25yhp1 that has 

higher values, here the damage classification is rated as 

a 2. The deviatoric stress modelled for the crosscuts has 

varying values, higher and lower – this is not reflected 

in the mapped condition of the drifts. 

Deviatoric strain inc. Occasional Good/Uncertain 

28 yhp1 not indicated and crossing there are some more 

damages in 25 yhp3 than modelled. The modelled 

strains and yielded rock in crosscuts agree with where 

the mapped damages are seen. Higher damages 

indicated in crosscut than seen. 

525 – Autumn 2018 

Parameter Access drift Crosscut 

Total displacement Occasional Uncertain 

Damages seen in 27 and 28 yhp1 are not reflected in the 

result plots for the total displacement, but the situation 

in 30 yhp1 and 25 yhp1 are more in tune with the 

damage mapping. The most extensive damage in the 

access drift is seen in the mylonite contact in 27yhp1 

and by the crossing to the crosscuts in 25 yhp3. There 

are no accessible crosscuts in this levels so these cannot 

be compared.  

Deviatoric stress Occasional Uncertain 

30 yhp1 and 25yhp1 drifts have no mapped 

deformations and the deviatoric stress for these drifts 

does not deviate a lot to indicate that there would be 

larger damages. The damages in 27yhp1 and 28 yhp1 

are not indicated in the result plots from the numerical 

model for the time of mapping. Based on the deviatoric 

stress, more damages to the surface support could be 

expected in the crossing of 25 yhp1 and 3.  

Deviatoric strain inc. Uncertain Uncertain 

There is no deviatoric strain modelled for the accessible 

drifts, with the exception of the small section of 

25yhp3. Here are also some yielded elements. The 

damage rating in this area is 2-3. 

 


