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Abstract   

This thesis covers the question if oriented rock cores can be of benefit, compared with non-

oriented rock cores when determining the orientation of a weakness zone within a rock mass. The 

aim is to suggest when oriented rock cores is preferable to use and to make concluding remarks 

on the advantage and disadvantage of oriented rock cores compared to non-oriented rock cores 

for weakness zone prediction.  

In mining and civil engineering and especially in areas with low stresses (i.e. often shallow or 

distressed constructions), the discontinuities in the rock mass are of great importance for the 

stability. The discontinuities consists of beddings, joints and weakness zones that reduce the 

strength of the rock mass and therefore the structures are investigated in an early stage to prevent 

cause of structural dependent failures.  

In this work the definition of a weakness zone is a zone of very poor rock (Rock Quality 

Designation (RQD) less than 10%) that is greater than 20 cm in width. The hypothesis used in 

this work is that the weakness zone has a high joint frequency and that this frequency is 

decreasing further away from the zone. 

The data provided and analyzed in this work has been from rock cores in seven boreholes, each 

with different amount of orientation data available. The procedure has been developed in a 

stepwise manner, where each step was of equal importance for the preceding step. Each detected 

weakness zone in the studied rock cores was summarized and the orientation data was utilized in 

a stereographic projection. To cover all the potential important structures, the orientations of 

joints at a distance of two meters before and two meters after the observed weakness zone were 

added in the projection. Based on the stereographic projection a mean value of the major 

orientation was determined for each major joint set with a deviation of 15 degrees. The 

orientations and the width of the observed weakness zones in the seven boreholes were 

extrapolated in a 3D software to predict the intersection of the zones in the surrounding 

boreholes. Photos of the rock core at the predicted depths were studied and compare with the 

visual characteristics of the analyzed weakness zone that was the starting point (reference zone) 

to find the propagation of the weakness zone within the rock mass. The orientation of the 

weakness zones those could be connected to the reference zone were studied and compared in 

order to verify the interpolation of the reference zone. When verifying the connection from the 

reference zone to the weakness zones in the surrounding boreholes this weakness planes are 

further called large scale weakness zone in this thesis. Based on the evaluation 14 large scale 

weakness zones could be summarized and based on the comparison with photos of the rock cores 

these zones is assumed to be predicted with high certainty. 

The conclusion from this study was that oriented rock core can be of large benefit when 

determining the orientation and location of a weakness zone. This study has shown that with the 

stepwise procedure, used to evaluate major weakness zones by orientation data and through 
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comparison with rock core photos, the location and orientation could be predicted. Hence, one 

oriented rock core can be used to study the geology, rock mechanic properties as well as 

prediction of location and orientation of structures. The stepwise procedure to study weakness 

zones in this work can be of use in the design of rock constructions where structures are likely to 

control the stability or i.e. when it is important to know the location and orientation of ore 

contacts. By determining the orientations of weakness zones within the rock mass the 

constructions can be designed with respect to these and reduce potential structural dependent 

failures. If this is fully performed with good precision and accuracy the amount of boreholes can 

most likely be reduced, compared with using non-oriented rock cores, which might lead to lower 

costs.  
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Sammanfattning 

Detta examensarbete behandlar frågan om orienterade bergkärnor kan vara av nytta, i jämförelse 

med icke-orienterade bergkärnor för att bestämma orienteringen av en svaghets zon i en 

bergmassa. Syftet är att föreslå när orienterade bergkärnor är att föredras att användas och att dra 

slutsatser gällande fördelarna och nackdelarna av orienterade bergkärnor i jämförelse med icke-

orienterade bergkärnor för att förutspå svaghetszoner. 

Inom gruv och berganläggnings industrin och speciellt i områden där låga spänningar 

förekommer (ofta vid ytliga eller avlastade konstruktioner) är diskontinuiteter av stort vikt för 

stabiliteten. Diskontinuiteterna inom bergmassan består av lagringar, sprickor och svaghetszoner 

som reducerar hållfastheten av bergmassan och därav är strukturerna utreda i ett tidigt skede för 

att förhindra strukturberoende brott.   

I detta arbete är definitionen av en svaghetszon, en zon av väldigt dåligt berg (Rock Quality 

Designation (RQD) mindre än 10%) som har en bredd större än 20 cm. Hypotesen som användes 

i detta arbete är att en svaghetszoner har en hög spricktäthet och att denna täthet avtar med 

avståndet från zonen. 

Den givna och analyserade datan i detta arbete har varit från bergkärnor ifrån sju borrhål, där var 

och en av dessa hade olika mängder orienterings data tillgänglig. Proceduren har blivit utvecklad 

på ett stegvis sätt, där varje steg har varit av lika stor vikt för det nästvarande steget. Varje funnen 

svaghetszon i de studerade bergkärnorna var summerade och orienterings datan användes i en 

stereografisk projektion. För att täcka in alla de potentiellt viktiga strukturerna, användes 

orienteringarna från de sprickor som var inom ett område av två meter innan och två meter efter 

den observerade zonen som sedan lades in i projektionen. Baserat på den stereografiska 

projektionen togs ett medelvärde av den dominerade orienteringen fram för varje större 

sprickgrupp med en avvikelse på 15 grader. Orienteringen samt bredden av de observerade 

svaghetszonerna i de sju borrhålen var extrapolerade i en 3D programvara för att förutspå 

korsningen av zonen i de omvarande borrhålen. Foton av borrkärnorna vid de förutspådda djupen 

studerades och jämfördes med de visuellt synliga karaktärerna av den analyserade svaghetszonen, 

som var startpunkten (referenszon) för att finna utbredningen av svaghetszonen inom 

bergmassan. Orienteringen av svaghetszonerna som kunde bli kopplade till referenszonen 

studerades och jämfördes för att verifiera interpoleringen av referenszonen. Den verifierade 

zonen kallas fortsättningsvis i detta examensarbete för storskalig svaghetszon då utbredingen av 

referenszonen i de omvarande borrhålen verifierats. Baserat på utvärderingen kunde 14 

storskaliga svaghetszoner summeras och baserat på jämförelsen med fotona av bergkärnorna var 

dessa zonerna förutspådda med hög säkerhet. 

Slutsatsen från denna studie var att orienterade bergkärnor kan vara av stor fördel för att 

bestämma orienteringen samt läget av en svaghets zon. Denna studie har visat att med den 

stegvisa proceduren, använd för att utvärdera storskaliga svaghetszoner genom orienterings data 
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och genom att jämföra foton av borrkärnan, kan läget och orienteringen bli förutspådd. Därav kan 

en orienterad bergkärna användas till att studera geologin, de bergmekaniska egenskaperna samt 

förutspå läget och orienteringen av strukturer. Den stegvisa proceduren att studera svaghetszoner 

i detta arbete kan vara av användning i designen av berganläggningar där strukturerna troligen 

kommer att styra stabiliteten eller då det är viktigt att veta läget och orienteringen av 

malmkontakten.  

Genom att bestämma orienteringen av en svaghetszon inom bergmassan kan konstruktionen bli 

designad med hänsyn till detta och reducera de potentiella strukturberoende brotten. Om detta är 

till fullo utfört med god precision och noggrannhet kan med stor sannolikhet antalen borrhål 

reduceras, jämförts med att använda icke-orienterade borrkärnor, vilket kan leda till en lägre 

kostnader.  
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Definitions and abbreviations  

  

Bedding 

 

Coherent of rock with large propagation in plane with a 

uniformed composition.  

  

Discontinuities  

 

A generic for joints, weak bedding planes, weak schistocity plane, 

weakness zones and faults.  

  

Fault 

 

A joint or jointed zone where a displacement in sideways has 

occurred. 

  

Joint 

 

A break where the rock mass has separated where no 

displacement has occurred. 

  

Large scale weakness zone A weakness plane within a rock mass with reduced strength 

caused by high joint frequency and/or crushed rock.  

  

Non-oriented rock core 

 

Rock core from rock mass drilling without recording the attitude 

of the core in space.  

  

Orientation of a 

discontinuity 

 

The attitude of a discontinuity in space defined by the strike and 

dip. 

  

Oriented rock core 

 

Rock core from rock mass drilling where the cores attitude in 

space are recorded and a line is marked on the core to recover the 

true orientation of the joints from the core.   

  

Q-system 

 

Tunnel Quality Index, a characterization method for 

characterizing a rock mass. 

  

Reference zone 

 

The weakness zone from which the analysis starts from 

concerning orientation and visual characteristics.   

  

RMR 

 

Rock Mass Rating, a characterization method for characterizing a 

rock mass.  

  

RQD 

 

Rock Quality Designation, a classification method where the joint 

frequency is measured. 

  

Structure The system of a materials characterizing appearance.  

  

Weakness zone/zone 

 

A zone in the rock core where the strength of the rock is reduced 

caused by high joint frequency and/or crushed rock.  
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1. Introduction 

In mining and civil engineering design the knowledge of the strength of the rock mass is of great 

importance. The definition of a rock mass in a rock mechanics perspective is often a continuous, 

homogenous, isotropic and linear-elastic material, which is rarely the truth. A rock mass is a 

highly complex form that consists of joints, weakness zones, beddings etc. These are taken into 

account by classifying and characterizing them with available methods. Depending on the ground 

conditions the joints can be mapped directly on the rock surface to get an idea of the rock mass 

structure. However in the pre-investigations phase the common way is to take a sample of the 

rock mass by drilling on site (exploration drilling) for geological logging, structural logging, rock 

mechanics or other analysis, but the orientation of the discontinuity is often not predicted in this 

step (Hartman & Mutmansky, 2002). 

Boreholes with oriented rock core are often performed in a later stage after the exploration 

drilling has been made. These boreholes are mainly performed to get the orientation of the 

structures within the rock mass such as larger faults, fractures and ore contacts etc.  

In this work, drilled and orientated rock cores were studied. The data was obtained from an 

independent mine project in the middle of Sweden and was provided by Petro Team Engineering. 

The given data was from seven boreholes where orientation had been performed on small parts or 

of almost the main part of the rock core through marking the core with a reference line from 

which the orientation of the core in space can be predict.  

In two of the boreholes, weakness zones could not be predicted through orientation of rock core, 

however manually mapped structures could be compared with the other boreholes. Hence, the 

evaluation of weakness zones in this thesis has been performed on data from six of the boreholes 

due to the late accesses of data from the seventh borehole. The data from the seventh borehole 

was used to verify the orientation of the predicted zones. The boreholes were located in two rows 

with four boreholes in one row and three in the other (where one and seven is drilled from the 

same location), the distance between were approximately 600 meters, see Figure 1. The distance 

between the boreholes in a row varies in the range of 180 – 280 meters and the length of the 

boreholes in the range of 120 – 1030 meters.  
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Figure 1 View of the drilled boreholes (not to scale). 

1.2. Aim and objectives  

This thesis aims to suggest when oriented rock cores is preferable to use but also to make 

concluding remarks on the advantage and disadvantage of oriented rock cores compared to non-

oriented rock cores. The evaluation considers the orientation data around identified weakness 

zones and the visual characteristic of the zones. Hence this thesis focuses on the following 

questions: 

• Is it a benefit to evaluate the orientation of rock cores in an early stage of a pre-

investigation?  

• Can oriented rock cores give more relevant and necessary data compared to non-oriented 

rock cores and is it enough to perform oriented rock core on one borehole?  

• By analyzing oriented core samples, is it possible to predict the position of a large scale 

weakness zone by using results from boreholes in the same area?   

The objective of this thesis is to evaluate an approach used to predict weakness zones within a 

rock mass by oriented rock cores.  

1.3. Developing process 

This work started with a literature study where articles, books and movies regarding the subject 

of rock mechanic and oriented rock core were studied. It was done to improve the background for 

this work and investigate if the subject has been evaluated earlier. Some similar works have been 

published such as, Site characterization using oriented borehole core, B. L. Seegmiller (1977), 

Joint spacing distributions from oriented core data, S. Annavarapu, J. Kemeny, S. Dessureault 

(2012) and The determination of true orientation of fractures in rock cores, J. S. O. Lau (1983).  

The approach for this work was based on identifying and verifying the orientation of weakness 

zones in a rock core to predict the propagation of the large scale weakness zones within the rock 

mass. The large amount of data that was provided was handled and sorted to be easier to manage. 

1030 m 

130 m 
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From this the weakness zones was determined and evaluated with respect to the available 

orientation data around each weakness zone.  

The decided approach for this work was to evaluate the weakness zones by the following steps: 

• Rock Quality Designation (RQD) – to identify the weakness zones and to limit the data. 

• Orientation data – selection of the data around the zone and predict the most likely 

orientations for the zone. 

• Prediction of the propagation of the weakness zones – using the orientation data and 

extrapolates this to find the predicted depth of the zones in the surrounding boreholes for 

the most likely orientations for each zone. Often 2-3 orientations were studied for each 

weakness zone. 

• Summary of results and suggestion for future work. 

All of the steps had different challenges but the step where all the data was evaluated together 

with all the possibilities were the most challenging and most time consuming step.  

1.4. Limitations 

The focus has been on the importance of using oriented rock cores in a pre-investigation phase to 

determine the orientation of the weakness zones. In this evaluation the geology, the rock mass 

behavior and strength, the properties of the joints and the intact rock, has been excluded.  

The equipment that was used for determining the orientation of the rock core and the instrument 

for recording the joints was not further evaluated or compared with other types of equipment/ 

procedures for this purpose. The assumption was that all the produced data from the used 

equipment had high reliability.  

Seven boreholes were included in this evaluation where six of them were evaluated for weakness 

zones from RQD and five of them were also evaluated with respect to orientation. The seventh 

borehole was only used to verify the orientation of the predicted zones.   

For the evaluation of the propagation of the weakness zones when extrapolating, the assumption 

was made that the zone is linear this to find the predicted depth of the zone. When evaluating the 

propagation of the large scale weakness zone from the photos this assumption was dropped due to 

the most likely behavior of the zone is that it´s varying within the rock mass.  

The variety of the orientation when studying the surrounding boreholes has been limiting to the 

range of ±15 degrees for both strike and dip.  For those orientations that was close to horizontal 

or vertical were also evaluated with the assumption that they may “tip over” and by this the strike 

changes 180 degrees. 
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In this thesis the presented data are from the 14 predicted zones that are summarized in the result 

(Chapter 5). Not all data are presented due to the large amount of data that have been processed 

during this work.   
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2. Methods for joint mapping and orientation 

Joints are present within a rock mass and these are important to map since they have a large 

influence on the stability of the rock mass. Where a high frequency or crush zone is present the 

strength can be highly reduced and may cause stability problems in a rock construction. Blocks of 

rock may fall out and cause damage. Therefore it is important to identify and map structures 

should be to determining the orientation and the spacing of the joints. 

The methods used in this thesis for characterizing and classifying the rock core are presented in 

this chapter. 

2.1. Joint mapping 

The orientation of joints or other structures are often measured by the strike and dip in Sweden, 

where the dip is the maximum declination of the joint from the horizontal plane expressed in 

degrees, whilst the strike is the inclination clockwise from true north (ISRM, 1978), according to 

Figure 2. 

 

Figure 2 Illustration of dip and strike of a plane (ISRM, 1978). 

An easy way to measure the orientation of a joint is by using the right hand rule where the thumb 

is pointing in the cardinal (strike) of the joint and the palm is laying on the joints surface with the 

fingers pointing down (dip) from which the orientation is measured.  

2.1.1. Joint mapping on surface 

The approach for joint mapping on surface or underground exposure may be of three main types, 

spot mapping, lineal mapping and areal mapping, (Hoek & Brown, 1980). The method used for 

joint mapping depends on the type of rock construction, type of rock mass and the possibility to 

map the rock surface.  
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Tunnel mapping (spot mapping) is used to summarize joint data available in a tunnel, in order to 

predict major joint sets and to receive information of joint filling, width and orientation. The 

tunnel is drawn on a paper in two dimensions and the joints are mapped, according to Figure 3 

(Nordlund, et al., 2006). However all structures are not mapped, crush zones and continuous 

joints (often longer than 0.5 m) that may have important influence are recorded (ISRM, 1978).     

 

Figure 3 Tunnel mapping. 

Lineal mapping, also called scanline survey is a basic technique where a line or a measuring tape 

is applied on the rock surface. All the surveyed discontinuities crossing the line are measured and 

recorded, see Figure 4 (Brady & Brown, 2006). 

 

Figure 4 Line mapping (Nordlund, et al., 2006). 

Cell mapping (area mapping) is a mapping method where a square is marked on the rock wall and 

all joints within the square are mapped (Figure 5). Several squares are marked over the rock wall 

with a fixed distance between each other which is considered as representative for the rock mass 

(Nordlund, et al., 2006). 

 

Figure 5 Cell mapping (Nordlund, et al., 2006). 
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The disadvantage with all joint mapping methods is that joints that goes parallel with the mapped 

surface is most likely to be missed compared to perpendicular joints. Therefore it is important to 

take this into account in the interpretation of the result (Nordlund, et al., 2006).  

2.1.2. Joint mapping on core 

In the following chapters a brief introduction to the drilling procedure will be presented, as well 

as the differences between non-oriented and oriented rock core for which the joint mapping and 

the drilling procedure is slightly different.  

2.1.2.1. Drilling process and description of rock core 

Core drilling is a method where a sample of the rock mass is collected. The method is often used 

in the mining industry, for prospection and for rock mechanical and geotechnical purposes. Core 

drilling is performed by drill bit that is rotating and cutting through the rock mass and by this 

producing a rock core. For this purpose a drill rig with necessary equipment is needed. There are 

many different kinds and sizes of drill rigs used depending on whether the production site is 

located underground or at the surface.  

The drill rig is the large machine that operates at the surface or subsurface. To this the drill string 

is attached. The drill string is connected to the drill rig and contains of a drill rod to which the 

core barrel with the drill bit in the end is connected, see Figure 6 (Olsson, 2011). The size of the 

drill bit is often 56 or 76 mm in diameter for core drilling. Larger drill bits and core barrels are 

available, but due to the heavy rock core samples that they result in that needs to be manually 

handled they are less commonly used (Engvall, 2014). Common for core drilling is that the core 

barrel is double, which means that it consists of two barrels; one that is connecting to the drill 

rods and the drill bit which are rotating, and one barrel that is standing still within the rotating 

barrel and catching the drill core. The core barrel is often in the sizes of 3 or 6 meters long, that 

can be drilled at the time before the barrel needs to be emptied. When it’s time to empty, the 

inner core barrel is hoisted up to the surface with a wire and a new core barrel is dropped down 

the borehole and the drilling can continue. During the drilling of the next 3 or 6 meters the first 

core barrel is emptied and the rock core is placed in core boxes (Olsson, 2011). 
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Figure 6 Drill rig with necessary equipment (Olsson, 2011). 

During the drilling process some problems may arise such as the drill string gets stuck. This is the 

situation where the drill string cannot be moved up or down or rotating. This may occur if a pump 

breaks down and no fluid is pumped down to the drill bit to cool it down and flush the cutting 

out.  

The procedure for drilling non-oriented rock core and oriented rock core is the same, the 

difference is the process of orientating the rock core, and this will be further studied in chapter 

2.1.2.2. 

2.1.2.2 Joint mapping on an oriented core 

The joint mapping procedure is where the rock types, joints and other structures are categorized 

and recorded for what depth they appear, this is often done by the geologist. Joints are mapped 

for their different properties such as filling and roughness, these parameters are important for the 

further evaluation for classifying the rock mass. The differences between non-oriented and 

oriented rock core lays in extracting the orientation of the joints and structures from the rock 

core. These are later used to categorize and specify the properties for the different joint sets. In 

Fel! Hittar inte referenskälla. the parameters are listed for which the non-oriented and oriented 

rock core are be mapped for.  

Drill string 

Core barrel 

Drill rods 

Inner core 

barrel 

Rock core Drill bit 

Drill rig with fluid 

pump 
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Table 1 Differences in joint mapping between oriented and non-oriented rock core. 

 

When performing joint mapping from a rock core it is important that the orientation of the 

borehole axis is recorded as well as a line is marked on the rock core. From the line the core can 

be oriented with its right position in the borehole. The orientation of the core in space can be 

found whereas if the rock core is removed before any marking has been done the orientation is 

lost. The orientation can be recorded in different ways for example by marking the remaining part 

of the core in the borehole (core stub) or by orientating the inner barrel before drilling (Hoek & 

Brown, 1980). 

Marking directly in the borehole for the orientation is an easy and cheap method and can be done 

with a spear. The spear that is made out of steel is sent down along the foot wall side of the 

borehole to by its force and weight make a mark on the core stub in the bottom (Figure 7). 

Attached in the end of the spear is a wire so after marking, the spear can be hoisted up to the 

surface and the drilling can proceed, this is done before every drill run. From this mark a line can 

be drawn on the rock core and the orientation of the line be used to calculate the true strike and 

dip for the joints.  

Retrieved data from rock core Non-oriented  

rock core 

Oriented  

rock core 

RQD Yes Yes 

Geology/mineralogy Yes Yes 

Structures e.g. weakness zones, faults, foliation etc. Yes Yes 

Structures orientation No Yes 

Orientation of joints No Yes 

Joint sets No Yes 

Joint roughness Yes Yes 

Joint roughness for joint set No Yes 

Joint filling Yes Yes 

Joint filling for joint set No Yes 
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Figure 7 Section of borehole with spear lying on the foot wall side. 

The equipment for orientating the inner barrel is divided into two parts, one instrument that is 

attached to the barrel that follows down the borehole during drilling and one handhold device for 

synchronizing. The instrument is attached to the end of the inner barrel due to this is stationary 

whereas the outer barrel is rotating together with the drill bit. The barrel is placed on a horizontal 

plane where the attached instrument is synchronized with the handhold device to record the 

downwards side of the barrel. Now the instrument is ready to record the orientation and the 

drilling can begin. When the drill run is finish and it is time to break the core the handhold device 

is synchronized again with the instrument on the barrel to record the true footwall side 

(downward) of the barrel. The barrels are hoisted up to the surface and the inner barrel is placed 

on a horizontal surface where it is rotated with the handhold device to synchronize and find the 

true footwall side of the barrel and the core can be marked. The orientation is transferred to the 

rock core by a point in each end (Figure 8). Whereas in the manual method with the spear the 

orientation can only be transferred from one side and therefore if a crush zone is present the 

orientation after the zone will be lost. 

 

Figure 8 Illustration of producing the reference line on rock core by using orientation equipment on the inner barrel. 

Inner barrel 

Outer barrel 

Drill bit 

Core 

stub 

Spear 
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Independently on the methods used for orientating the rock core, the case where there are two 

crush zones within a drill run the orientation in between these are lost due to the unknown 

position of the core in perspective to the oriented point in the ends of the rock core.   

2.2. Two dimensional illustration of joints  

Hemispheric projection is a graphic method to present three dimensional structural data of planes 

in two dimensions. The projection from three to two dimensions is by the practice of letting the 

shadow on a three dimensional plane to project on a two dimensional surface. The method is 

widely used for projecting of faults, joints, fissures and bedding planes (Priest, 1985). 

In Figure 9 the hemispheric projection is presented where the hemisphere is divided into the 

lower and the upper hemisphere. The lower hemisphere has been used in this work because this 

gives a positive (downwards) value of the dip and it is not necessary to evaluate the orientation 

upward (negative dip) as for the upper hemisphere (Priest, 1985). Each plane is projected with its 

strike and dip that represent the great circle in the projection.  

  

Figure 9 Hemispherical projection and the position of the pole point for the lower hemisphere (after Priest, 1985).  

To obtain a better view of the projection and to reduce clutter, each great circle can be projected 

as a pole point, 90
 
degrees from the great circle in the direction of the center of the projection. In 

Figure 10 the projection is visualized where the pole point is perpendicular to the plane and are 

referred to as B in the figure. Basically, each great circle is drawn from north to south and then 

rotated clockwise around the center of the projection to fit their strike in the cardinal of the plane. 

For a more detailed explanation of how to produces the great circle and the corresponding pole 

point see Appendix A.  
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Figure 10 Projection from hemispheric to stereographic projection (Nordlund, et al., 2006). 

When large amount of data are to be processed it is common to use software such as Dips v6.0 

(Rocscience, Inc., 2012) for this purpose. In Figure 11a a projection is done where there is 89 

great circles produced from joint data. In Figure 11b the great circles are hidden and the pole 

points are visualized where the software marks the high concentration of the joints from which it 

is easier to determine the major joint sets.   

 

(a)                                                             (b) 

Figure 11 Projection of joints in Dips v6.0 (Rocscience, Inc., 2012) (a) great circles of the joints (b) pole points for the 

joints and the concentration of them. 

2.3. Rock Quality Designation - RQD 

Deere (1964) proposed a quality index for rock mass classification. The method was based on the 

core recovery of diamond drilling. In the procedure of predicting the rock mass quality the Rock 

Quality Designation (RQD) was developed. It is a method where the number of joints within the 
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rock mass is evaluated. The RQD is calculated by measuring each intact piece longer than 10 cm 

of the core for every drill run. Pieces that are smaller than 10 cm are not included in the 

calculation of total length (Deere, et al., 1967, in e.g. Hoek, et al., 1995, p. 29). The selection of 

core pices is described in Figure 12.  

If core breaks in the drilling process (mechanical joints) these should be fitted together and 

measured as one intact piece. It is often difficult to see if the joint is natural or made from the 

drilling procedure where the break occurs when unloading the core barrel. Therefore it is 

important that the drilling procedure is carried out carefully to not mislead the geologist when 

calculating the RQD. If unsure the break should be calculated as a natural joint (Deere & Deere, 

1988).  

 

Figure 12 RQD evaluation of core pieces (Deere & Deere, 1988). 

The RQD is calculated according to equation 1 (Deere, 1968; Deere, et al., 1967, in e.g. Deere & 

Deere, 1988, p. 92-93), which will result in a percentage that will be translated into a rock 

quality.  

��� (%) =
∑(
���� �� ���� ������ ������)

����
 ���� ��� 
����
� 100  [1] 

The correlation of RQD from a numerical value to an engineering quality is done according to 

Table 2. 
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Table 2 Rock quality categories (Deere, et al., 1967, see Hoek & Brown, 1980). 

 

 

 

 

 

It is suggested that the RQD is evaluated in the range of variable categories rather than for a fixed 

length. This is to provide a better understanding of the rock mass where the individual categories 

can be such as weakness zones, individual beds and structural domains etc. (ISRM, 1978). 

RQD is often used as a parameter in another characterization and classification systems. The two 

most commonly used methods are according to Edelbro (2004) the Rock Mass Rating (RMR) by 

Bieniawski (1973) and the Tunnel Quality Index (Q-system) by Barton et al. (1974).  

Bieniawski develop the rock mass rating (RMR) in 1973, thereafter the method has been adjusted 

several times based on practical experience (in e.g. Hoek & Brown, 1980, p. 24; Edelbro, 2004, 

p. 13). The method is based on five classification parameters:  

• Uniaxial compressive strength of the intact rock, 

• RQD, 

• Spacing between joints, joints refers to in this case all kinds of discontinuities, 

• Joint conditions, and 

• Ground water conditions. 

Each parameter is rated and the result of this gives a score that together with the measured dip of 

the dominating joint set, gives the stand-up time for the construction (in e.g. Hoek & Brown, 

1980, p. 23-27; Edelbro, 2004, p.14).  

The Q-system was introduced by Barton et al., in 1974 (in e.g. Hoek & Brown, 1980, p. 27-29) 

and was developed using more than 200 case studies of tunnels and rock caverns that were 

supported or unsupported. According to Barton et al. the function of the Q-system includes, block 

size, inter-block shear strength and active stress, RQD is a parameter included to determine the 

block size. The Q-system is a classification system that was developed for tunnel constructions. 

To determine RQD when no rock core is available there have been presented different methods, 

one of these is Palmström (1982) (in e.g. Hoek, et al., 1995, p. 30) that presented a simple method 

where the relationship of the summary of joints per unit lengths (Jr) and RQD in a clay free rock 

mass along a tunnel can be used   

RQD (%) Rock quality 

0 – 25 Very poor 

25 – 50 Poor 

50 – 75 Fair 

75 – 90 Good 

90 – 100 Very good 
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RQD = 115 – 3.3 Jr     [2] 

Priest and Hudson found in 1976 that RQD could be estimated from joint spacing (λ 

[joints/meter]) by measuring on an exposed rock surface by the relation (Priest & Hudson, 1976)   

RQD = 100e
-0.1λ

(0.1λ + 1).     [3] 

For λ = 6-16 the relation found was (Priest & Hudson, 1976)  

RQD = – 3.68λ + 110.4.     [4]  

The RQD has some limitation in the case when the rock mass has a joint spacing near 100 mm. 

When the spacing between the joints is 95 mm (length of measured core) the RQD is calculated 

to 0% whereas if the spacing is 105 mm the calculation of RQD gives the value of 100%. It can 

be questionable to use the value of RQD in large scale tunnels due to that a small change in joint 

spacing gives large influence on the RQD value (Edelbro, 2004).  
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3. Evaluation of weakness zones 

The procedure for determining the orientation of the weakness zones has been developed in 

different stages to achieve a reliable approach with the possibility of reproduction. Continuously 

in this report the expression zone will refer to a weakness zone due to that this is the type of zone 

being evaluated. The expression reference zone refers to the weakness zone for which the 

analysis begins and for which the orientation and visual characteristics is determined.    

The definition of a weakness zone in this work was with the size greater than 20 cm in width and 

containing very poor rock with a Rock Quality Designation (RQD) less than 10%. The hypothesis 

was based upon that a weakness zone is build up on high joint frequency and that the joint 

frequency decreases further away from the weakness zone, according to Figure 13. Therefore the 

orientation data chosen to be analyzed was in the range of approximately two meters before and 

two meters after the weakness zone (as well as in the zone).  

 

Figure 13 Weakness zone with surrounding joints (private photo).  

Based on the hypothesis each rock core has been evaluated based on the following steps: 

• Identifying the zones with RQD = < 10%. 

• Compile of the orientation data two meters before and two meters after the zone, and if 

available within the zone. 

• Processing orientation data by stereographic projection to determine the mean value of the 

dominating orientation/orientations. 
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In order to evaluate a position of a large scale weakness zone, the result from all of the cores 

was used to:  

• Extrapolating the zones to find the intersection in the surrounding boreholes. 

• Examine the determined depth of the zone in the different cores to predict the most likely 

orientation. 

• Verifying the orientation of the zone with the orientation data together with photos of the 

rock core. 

All of the steps that were performed to evaluate the rock cores are described in more details in the 

following chapter. 

3.1. RQD 

In the data provided the RQD was calculated with respect to the joint frequencies. In Figure 14 an 

illustration of the sectioning of the rock core is presented. In section A no pieces are larger than 

10 cm and therefore the RQD value is 0%, in B there are few joints which gives an RQD of 89% 

and in section C some of the pieces are larger than 10 cm and gives an RQD of 34%. Section B 

has a high RQD value since most of the joints are mechanical caused from the drilling. These are 

marked with a cross and therefore not included in the RQD calculated.   

 

 

Figure 14 Illustration of sectioning for calculation of RQD. 

RQD was applied as suggested by ISRM (1978) to identify all zones. When calculating RQD for 

a fixed length the small zones may be lost due to the long interval. When applying the approach 

as described above the information of the rock mass characteristics will be greater due to that all 

zones can be identified and calculated for RQD. To achieve a better understanding of the zones 

and their characteristics the determined zones were evaluated from the photos of the rock core. 

Each reference zone was marked with its down hole depth, beginning and end of the zone and the 

width of the zone along the core.  

A 

C 

B 

1 meter 
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3.2. Joint mapping 

The measuring of the joint orientations was performed by the geologist at the mine site with an 

instrument developed for this purpose, Drill Core Structure Orientator – DCSO (Figure 15). It is 

not a well-known instrument but it has been used during infrastructure and mining projects booth 

in Sweden and Norway with successful results (Höök, 2013).  

 

Figure 15 Drill Core Structure Orientator – DCSO (revised photo provided by Petro Team Engineering). 

The rock core is placed in the instrument with the reference line upwards and the joint that is to 

be measured close to the black arm and the reference line on the rock core is lined with the green 

laser to record the position, see Figure 15. From this the core is rotated anticlockwise to the joint 

gets the position of maximum declination in the axis of the green laser line. The black arm with 

the red laser is tilt so the line is fitted on the surface of the joint and recorded, from this the α and 

β are recorded (Figure 16), from which the true strike and dip can be calculated. This was 

performed for every joint on the oriented rock core.  

Black arm 

Green laser 

Read laser  
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Figure 16 α and β illustration on rock core (provided by Petro Team Engineering). 

The DCSO was connected to a computer with the software Petro Team DCSO, (Bokesand, 2012) 

that process the α and β angles together with the borehole deviation from the drill rig to calculate 

the true strike and dip. For the manual process of calculating the true strike and dip from α and β 

see Appendix B. 

3.3. Processing of orientation data 

The orientation data for each zone was imported into Dips v6.0 where the dip and strike formed 

the great circles in the stereographic projection. Each zone was handled separately to distinguish 

the dominating orientations around the zone. It was done by using pole concentrations, where 

each great circle (orientation) was represented by a pole.  

In Figure 17 a stereographic projection is visualized by using Dips v6.0 where two dominating 

orientations are marked, a primary and a secondary. The marking is produced from an average 

tool where the assumed deviation was determined to 15 degrees. With this tool a circle appears 

that is placed in the wanted location in the projection, in this case over the pole concentration 

where the average is calculated of the poles within the circle. The result of the two orientations 

can be seen in the legend to the right in the figure.  
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Figure 17 Joints summarized and the average of the pole concentrations by using Dips v6.0 (Rocscience, Inc., 2012). 

3.4. Prediction of a large scale weakness zone  

To interpret the data from Dips v6.0 the software RockWorks15 (RockWare, Inc., 2009) was 

used, which is a three dimensional tool where the rock mass and its structure can be model. The 

three dimensional file of the borehole profiles were provided from a project in the middle of 

Sweden and were produced from the orientation of each borehole and the deviation from the 

drilling.  

The determined orientations for the zones were added in an excel-sheet and the properties for 

each zone were summarized, an example of this is presented in Table 3 where a brief explanation 

of the properties is introduced below.    

• Depth – down the hole depth [meter]. 

• Azimuth – dip direction (strike + 90 degrees), (regularly azimuth refers to drilling 

direction) [degrees]. 

• Inclination – dip [degrees]. 

• Radius – radius of the projected disc [meter]. 

• Aperture – the propagation of the zone over the core [meter]. 

• Color – color code of the disc [-]. 

Table 3 Input data for RockWorks15 (RockWare, Inc., 2009). 

Depth Azimuth Inclination Radius Aperture Color 

43,6 239 5 2 0,2 65280 

114,2 133 73 2 0,2 65280 

114,2 349 13 2 0,2 33023 
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All of the dominating orientations was summarized and imported into RockWorks15 in the tool 

for fractures, in Appendix C the complete data files are presented. Each orientation was analyzed 

separately by projecting the zone as a disc together with the analyzed orientation. The zones that 

were not analyzed were visualized with a radius of two meters and red color to act as support of 

their locations (Figure 18). 

 

Figure 18 Zone projected in RockWorks15 (RockWare, Inc., 2009) for evaluating location of intersection in nearby 

boreholes. 

The large scale weakness zone (drawn as a disc) was found to be of a size of 1000 meter in order 

to reach through all of the boreholes that were studied. In Figure 19 the red circle shows the 

location of the reference zone, which represent the center of the disc, and the black circles show 

the predicted intersection in the surrounding boreholes.  

  

Figure 19 Zone projected in RockWorks15 (RockWare, Inc., 2009) for evaluating predicted depths of the intersections in 

nearby boreholes. 
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From the predicted depths found in Rockworks15 the location was evaluated by analyzing the 

photos of the rock core with a range of approximately 20 meters before and 20 meters after the 

point of predicted depths. The rock core was analyzed to evaluate if there was a weakness zone 

with similar visual characteristics to match the reference zone. When orientation data was 

available this was used to verify the certainty of the depth of the zone for the large scale 

weakness zone within the rock mass.  
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4. Analysis 

In this chapter the procedure of how the analysis has been carried out during this work are 

presented.    

4.1. RQD 

The selection of zones was based on the size and RQD value together with the photos of the rock 

core. But an exception of the definition was done for some of the zones with remarks to the size. 

From the study of the rock core a few zones smaller than 20 cm were selected due to that they 

had a similar visual characteristics as a nearby zone and were therefore assumed to have the same 

orientation as that zone.  

In Table 4 an extraction is presented of the data from which the selection of the zones was 

determined for further studying.  

Table 4 Sample data for selection of RQD. 

From To Length Over 10 cm RQD 

112,7 112,8 0,1 0 10 

112,8 114,2 1,4 1,1 82 

114,2 114,4 0,2 0 10 

114,4 120,9 6,5 5,0 77 

120,9 121,6 0,6 0,2 27 

121,6 124,1 2,6 2,0 79 

124,1 124,7 0,6 0,2 35 

 

 The summarized zones from the RQD evaluation are presented in Appendix D. 

4.2. Stereographic projection  

The orientation data that was produced from the DCSO was summarized to produce stereographic 

projections by using Dips v6.0. The file from the orientation instrument was combined with 

Microsoft excel (Microsoft Corp., 2010), from which the orientation data for the chosen interval 

around the identified zones were kept for further analysis. The data from the other parts of the 

oriented rock core was deleted since these were less important in the further analysis.  

Each identified zone was handled separately in the stereographic projection. In Table 5 the 

orientation data of one zone is presented. 
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Table 5 Data table for Dips v6.0 (Rocscience, Inc., 2012). 

Depth Width of zone Depth Strike Dip Location 

114,2 – 114,4 0,2 112,6 272,4 18,9 Before zone 

  
112,7 86,7 62,7 Before zone 

  
112,8 67,6 79,2 Before zone 

  
113,2 37,0 71,8 Before zone 

  
113,5 39,4 77,4 Before zone 

  
113,8 235,1 10,5 Before zone 

  
114,5 323,8 82,4 After zone 

  
114,7 106,6 87,8 After zone 

  
114,8 52,6 71,8 After zone 

  
115,3 21,0 76,5 After zone 

  
115,8 347,1 17,3 After zone 

  
116,2 7,7 76,3 After zone 

  
116,8 67,6 5,0 After zone 

 

To be able to perform a pole concentration the poles for each joint for the studied zone was 

visualized. The mean value of the concentration of the dominating orientation/orientations was 

determined. In most of the cases two orientations were found for each zone. The assumed 

limitation for the mean concentration was a maximum deviation of 15 degrees, this to keep a 

narrow range but still to collect most of the poles. The orientations were not always clear, and 

therefore an estimation concerning the most likely orientations was done for each zone, often 

between one and three orientations were evaluated.  

In Figure 20 an example with two dominating orientations are estimated for the studied zone. The 

group with higher concentration in the left of the projection has a larger distribution then 15 

degrees and therefore an estimation of the most likely orientation was done. In this case the 

average tool was used on the area of high concentration. The estimation of the second orientation 

was performed in order to give different options of orientation for the zone to be analyzed in the 

later stage. The poles that were not connected to a concentration was seen as random and not 

further evaluated, all the evaluated zones are presented Appendix E.  
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Figure 20 Stereographic projection from Dips v6.0 (Rocscience, Inc., 2012) with two dominating orientations from one 

zone. 

4.3. Prediction of the distribution and depth of the weakness zones 

The software RockWorks15 was applied to analyze the intersection between the studied 

boreholes. Each orientation of the zone was visualized as a disc to predict the depth of the zone 

and its distribution. Each disc was visualized individually to clarify the intersection in the 

surrounding boreholes. By studying the intersection between the boreholes the uppermost part of 

the large scale weakness zone was recorded which representing the depth of the zone. The 

distribution of the zone was assumed to be linear when predicting the intersection in the 

surrounding boreholes.   

4.4. Comparison between photos of the rock core and the predicted 

weakness zones 

The last step of the analysis was to compare photos of the rock core with the predicted depth of 

intersections to find the large scale weakness zone. Based on the estimated depths of the zones in 

Chapter 4.3, photos of the rock core were studied in the range of approximately 20 meters before 

and 20 meters after the predicted depth of the zone in the surrounding borehole. The search areas 

rang for the zone was used due to the assumption that the large scale weakness zone is actually 

not linear and that the orientation may vary within the rock mass. From the reference zone the 

visual characteristic and its orientation was studied to find the distribution of the large scale 

weakness zone.   
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The size and shape of fragmentation, joint frequency and color was studied for the reference 

zone. Based on the rock cores, the depth of intersection was found from the extrapolated depth in 

RockWorks15. 

The model in RockWorks15 acted as a support to find the visual inclination of the distributed 

zone in the surrounding boreholes. In Figure 21 the boreholes are presented where the longer 

boreholes is not linear due to the deviation from the drilling. The inclination between the 

extrapolated zone (the green line) and the boreholes is different in circle 1 where the angle looks 

close to 50 degrees whereas in circle 2 the angle looks closer to 90 degrees between the zone and 

the borehole. This is due to the difficulty to accomplice to drill linear when drilling long 

boreholes whereas shorter boreholes is easier to drill in a straight line 

 

Figure 21 Illustration of the impact of borehole deviation.  

In Figure 22 a resulting large scale weakness zone is presented where the reference zone is 

presented in the red box from which the visual characteristics and the orientation of 14/49 were 

evaluated. From this and the predicted depth in the surrounding boreholes, the distribution of the 

large scale weakness zone could be determined for the reference zone. The extrapolating 

visualized as a purple disc in the figure shows where the predicted depth in the surrounding 

boreholes is and together with the photos and the orientation data from the rock core the large 

scale weakness zone could be predicted, see Figure 22. 

 

1 

2 
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Figure 22 Large scale weakness zone with the resulting propagation in the surrounding boreholes with the reference zone 

marked with a red box and arrow. 

The orientations from each zone were analyzed in the same manner where the predicted depth in 

the surrounding boreholes was evaluated from the extrapolated depth.  
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5. Results of large scale weakness zones from reference 

zones 

Based on the available orientation data of the 92 assumed zones, 14 of these where further 

studied since they contained all the required orientation data that could ensure a high reliability. 

In Figure 23 all of the 14 predicted zones are visualized in three dimensional.   

 

 

Figure 23 The resulting 14 zones visualized in RockWorks15 (RockWare, Inc., 2009). 

For each of the 14 predicted zones at least one orientation from the intersecting zones and the 

visual characteristics match the reference zone. In this chapter the result of the ensured zones 

from which the large scale weakness zones was verified is presented. The result is presented 

together with photos of the rock cores where the text under each photo refers to the depth of the 

weakness zone in the core and the predicted depth (by RQD and the spherical projection) of the 

zone marked with brackets. In those cases where the orientation could be predicted on the core 

this is presented after the depths with its strike/dip. In Chapter 5.5 a summary of the results from 

the ensured zones as well as the input data are presented.  
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5.1. Borehole 1 

The first zone that was ensured from the analysis of the result from RockWorks15 (RockWare, 

Inc., 2009) together with the interpretations of the photos was the reference zone in Figure 24 at a 

depth of 114,2 m. The visual characteristics of the zone are crushed in the beginning of the zone 

and that passes on to larger pieces. The orientation of 259/13 was determined from the studied of 

the oriented rock core in the area close to the zone.   

 

Figure 24 Reference zone in borehole 1, depth 114,2 m. 

The distribution of the reference zone in Figure 24 is presented in Figure 25. The zones that was 

connected with the reference zone and formed the large scale weakness zone was found close to 

the locations of the predicted depths from the analysis in RockWorks15 (RockWare, Inc., 2009). 

From the four zones found in the surrounding boreholes the zones in borehole 2 and 3 has similar 

visual characteristic as the reference zone. In borehole 3 there is a core loss of 0,6 m which 

results in a larger, but still representative zone. In borehole 4 and 7 the zones that were found 

have a less extent or width compared to the reference zone. The weakness zone in borehole 4 has 

similar visual character as the reference zone whereas in borehole 7 the zone has some similarity 

but the orientation was approximately 180 degrees from the strike of the reference zone. This 

zone was still chosen due to the weakness zone is assumed to have “tipped over” due to the dip is 

so close to horizontal, and thereby changed 180 degrees in strike.  

 

Figure 25 Distribution of large scale discontinuity from borehole 1 at depth 114,2 m. 

The reference zone found at 120,9 m depth (Figure 26) is containing crushed fragments in the 

beginning of the zone and alters to larger pieces in the end of the zone where the orientation was 

found to be 358/79.  

 

Figure 26 Reference zone in borehole 1 at 120,9 m depth. 

The distribution of the reference zone in Figure 26 is presented for the surrounding boreholes in 

Figure 27, where the visual characteristics are a bit different between the weakness zones in the 
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boreholes. In borehole 4 the visual characteristic is similar to the reference zone however there 

was no orientation data available for borehole 4 but the predicted depth corresponded well with 

the reference zone. Due to the vicinity at the predicted depth no zone with the similar 

characteristics could be detected and therefore this zone was selected to be further studied. The 

zone in borehole 7 showed good agreement with the depth of the reference zone. As the 

orientation of the zone was 349/77 this zone could be used to verify the large scale weakness 

zone.   

 

Figure 27 Distribution of the large scale discontinuity from borehole 1 at 120,9 m depth. 

The reference zone at 266,9 m depth contained of two zones that was evaluated as one zone due 

to the assumption that they followed the same orientation. The zones are presented in Figure 28, 

where the zones consist of crushed pieces with some larger fragments and the orientation for the 

zones was found from the study to be 15/67. 

 

Figure 28 Reference zone in borehole 1 at depth 266,9 m. 

The propagation of the reference zone in Figure 28 was found to go through the surrounding 

boreholes 2 and 7. These zones are presented in Figure 28 where the character of two connected 

zones was found with the same visual characteristics. The depths of the zones differed 0-7 meters 

from the predicted depths and together with the orientation of 12/54 in borehole 7 the large scale 

weakness zone was verified.   

 

Figure 29 Distribution of the large scale discontinuity from borehole 1 at 266,9 m depth.  

The reference zone in Figure 30 is located at 284,7 m depth, where the visual characteristics of 

the zone is fine crushed with some larger pieces in the end of the zone where an orientation of 

10/81 was found in the area of the zone.  
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Figure 30 Reference zone in borehole 1 at depth 284,7 m. 

The propagation of the large scale weakness zone from 284,7 m depth was found to go through 

borehole 2 and 7 (Figure 31). The zone in borehole 2 is similar to the reference zone and was 

found one meter from the predicted depth, whereas in borehole 7 the zone was found 14 meters 

from the predicted depth. However, the zone in borehole 7 was found with an orientation close to 

the reference zone and was by this used to verify the large scale weakness zone. The visual 

characteristics of this zone are similar to the reference zone but the crushed part is a bit smaller.   

 

Figure 31 Distribution of the large scale discontinuity from borehole 1 at 284,7 m depth. 

At 396,1 m depth a reference zone was found which has the characteristics of high joint 

frequency with some crushed fragments in between the pieces (Figure 32). The orientation found 

for the zone was 25/89. 

 

Figure 32 Reference zone in borehole 1 at depth 396,1 m. 

The propagation of the large scale weakness zone found for the reference zone in Figure 32 is 

presented in Figure 33. The zone in borehole 2 has similar visual characteristics as the reference 

zone and was found approximately 3 meters from the predicted depth. Whereas the zone in 

borehole 7 is smaller than the reference zone and was found 10 meters from the predicted depth 

however it is still in the acceptable range of 20 m from the predicted depth. The large scale 

weakness zone was verified by the orientation found in borehole 7 of 44/81.  

 

Figure 33 Distribution of the large scale discontinuity from borehole 1 at 396,1 m depth. 

In Figure 34 the reference zone found at 423 m depth is presented where the zone has the visual 

characteristic of high joint frequency where the orientation of 38/89 was found and selected for 

the zone. 
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Figure 34 Reference zone in borehole 1 at depth 423 m. 

The propagation of the reference zone in Figure 34 resulted in the large scale weakness zone 

presented in Figure 35. The zones in borehole 2 and 7 have the visual characteristics similar to 

the reference zone where the size of the zone in borehole 2 is smaller but still acceptable. Booth 

zones corresponded well to the predicted depth, where the divergent was 1 meter in borehole 2 

and 7 meters in borehole 7. The orientation that was found in borehole 7 was 32/74 and was close 

to the reference zone and was by this used to verify the large scale weakness zone.  

 

Figure 35 Distribution of the large scale discontinuity from borehole 1 at 423 m depth. 

At 635,1 m depth a reference zone was found with the characteristic of crushed with small 

fragments. The orientation found for the zone was14/49 (Figure 36). 

 

Figure 36 Reference zone in borehole 1 at depth 635,1 m. 

The zones found in the surrounding boreholes for the propagation of the reference zone has the 

similar visual characteristics as the reference zone but they vary in size (Figure 37). The 

orientation found in borehole 5 and 7 where close to the reference zone and by this the large scale 

weakness zone was verified. The orientation found in borehole 3 was deviating with 25/17 from 

the orientation of the reference zone. However due to the long distance between borehole 3 and 

the reference zone, this zone was still selected for further study to be a part of the large scale 

weakness zone.  

 

Figure 37 Distribution of the large scale discontinuity from borehole 1 at 635,1 m depth. 

The reference zone at 650,6 m depth is presented in Figure 38. The zone contains of some larger 

pieces in the beginning of the zone and that passes on to crushed with small fragments in the end 
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of the zone. The orientation found in the nearby area of the zone was 42/63 and was used as the 

orientation for the zone.  

 

Figure 38 Reference zone in borehole 1 at depth 650,6 m. 

The propagation of the reference zone in Figure 38 reached through all of the studied boreholes 

and is presented in Figure 39. The zones in borehole 2 and 3 have the similar visual 

characteristics as the reference zone whereas in borehole 5, 6 and 7 the characteristics are slightly 

different. In borehole 4 there is a large crush zone where the orientation and character could not 

be determined but due to the orientation could be found in the surounding boreholes 5, 6 and 7 

the large scale weakness zone was verifyed by these.  

 

Figure 39 Distribution of the large scale discontinuity from borehole 1 at 650,6 m depth. 

In Figure 40 the reference zone at 809,3 m depth is presented, the visual characteristics of the 

zone is high joint frequency with larger pieces. The orientation found for the zone was 26/51. 

 

Figure 40 Reference zone in borehole 1 at depth 809,3 m 

The large scale weakness zone that propagates from the reference zone in Figure 40 is presented 

in Figure 41. The visual characteristics corresponded well to the zones in borehole 2, 4 and 7 with 

the reference zone. In borehole 3 there is no clear zone but the orientation of 35/47 was found in 

the area of the predicted depth. This may be the result of the end of the large scale weakness zone 

but the orientation of the zone is still ongoing through the rock mass. The orientations in borehole 

3 and 7 corresponded well to the reference zone and were used to verify the large scale weakness 

zone.  
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Figure 41 Distribution of the large scale discontinuity from borehole 1 at 809,3 m depth. 

The last reference zone found in borehole 1 was found at 815,8 m depth  and has the visual 

characteristic of high joint frequency with small churched parts , see Figure 42. The orientation 

for the zone is 27/68 and was determined from study of the orientation data for the rock core.   

 

Figure 42 Reference zone in borehole 1 at depth 815,8 m. 

The large scale weakness zone that was found for the reference zone in Figure 42 is presented in 

Figure 43. The zones in borehole 2, 4 and 7 were found close to the predicted depth where the 

zones have similar visual characteristics as the reference zone. The orientation found for the zone 

in borehole 7 was close to that of the reference zone. In borehole 6 there is no clear zone but the 

orientation of 20/71 was found in two of the joints in the area of predicted depth. The visual 

characteristics of the zone in borehole 3 is similar to the reference zone but there were a 0,6 meter 

core loss and therefore the characteristics could not be determined for the whole area of that zone. 

There is most likely that this is because the zone at 114,2 m depth in borehole 1 is also 

intersecting at this point. The matching orientations in borehole 6 and 7 were used to verify the 

large scale weakness zone.  

 

Figure 43 Distribution of the large scale discontinuity from borehole 1 at 815,8 m depth. 
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5.2. Borehole 3 

In borehole 3 two weakness zones was studied and could be verified by its orientation and 

characteristics.   

The first reference zone that was found in borehole 3 is presented in Figure 44. The visual 

characteristics for the zone are crushed with some larger fragments. The orientation that was 

found for the zone was 359/89. 

 

Figure 44 Reference zone in borehole 3 at depth 262,8 m. 

In Figure 45 the large scale weakness zone is presented from the reference zone in Figure 44. The 

visual characteristics corresponded well to the zones in borehole 1, 2, 4 and 5 to the reference 

zone whereas the zone in borehole 7 is smaller but still representative. In borehole 1 the 

orientation 10/89 was found and in borehole 5 the orientation is 17/86.  These orientations 

corresponded to the reference zone whereas in borehole 7 the orientation of 336/88 was found. 

This differs a bit from the reference zone but due to the large distance between the weakness zone 

in borehole 7 and the reference zone this is assumed still to be a part of the large scale weakness 

zone.  

 

Figure 45 Distribution of the large scale discontinuity from borehole 3 at 262,8 m depth. 

The reference zone at 295,4 m depth has the visual characteristics of intact small pieces where the 

orientation of  20/55 was found for the zone (Figure 46).  

 

Figure 46 Reference zone in borehole 3 at depth 295,4 m. 

In Figure 47 the large scale weakness zone is presented as a result of the propagation from the 

reference zone in Figure 46. The visual characteristics were similar to the reference zone in 

boreholes 1, 2, 4 and 6, whereas in borehole 5 and 7 there are no clear zones could be found. 
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However the orientation was found in the area of predicted depth and matched the reference 

zone. The orientation that was found in borehole 1 was 18/58, 14/57 in borehole 5, 14/46 in 

borehole 6 and 4/47 in borehole 7 which all were close to the reference zone and was thereby 

used to verify the large scale weakness zone.  

 

Figure 47 Distribution of the large scale discontinuity from borehole 3 at 295,4 m depth. 

5.3. Borehole 5 

In borehole 5 one reference zone could be determined and verified as a large scale weakness 

zone. This reference zone (Figure 48) was found at 62,2 m depth and has the visual characteristic 

of high joint frequency which passes on to crushed rock with small fragments. The orientation for 

the zone was found to be 28/53 after studying the orientation data for the rock core.  

 

Figure 48 Reference zone in borehole 5 at depth 62,2 m. 

The large scale weakness zone that propagates from the reference zone in Figure 48 is presented 

in Figure 49. The visual characteristics of the zones in the boreholes 1, 2, 3 and 7 are similar to 

the reference zone, hence they vary in size. The orientation in borehole 1 and 7 corresponded 

well to the reference zone and was used to verify the large scale weakness zone. The specific 

depth for the zone in borehole 4 could not be determined due to the zone probably is going 

through a large crush zone though no other similar zone was found in the area of the predicted 

depth. 
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Figure 49 Distribution of the large scale discontinuity from borehole 5 at 62,2 m depth. 

5.4. Borehole 6 

The one reference zone found in borehole 6 was at 36,7 m depth where the visual characteristic is 

of high joint frequency that passes on to crushed in the end of the zone, in between there is small 

crushed fragments and the orientation was determined to 40/67 (Figure 50).  

 

Figure 50 Reference zone in borehole 6 at depth 36,7 m. 

The large scale weakness zone from the reference zone in Figure 50 is presented in Figure 51. 

The visual characteristics of the zones in the boreholes 2, 3, 4 and 5 are similar to the reference 

zone where the orientation of 41/66 was found in borehole 5. The zone in borehole 1has the 

visual characteristics of high joint frequency where the orientation of 30/52 was found, whereas 

in borehole 7 there is no clear zone but the orientation of 46/80 was found within the area of the 

predicted depth. 
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Figure 51 Distribution of the large scale discontinuity from borehole 6 at 36,7 m depth.  

To summarize the results of the weakness zones, the evaluation shows that with two or more 

orientations in the surrounding boreholes the zone can be determined even when the visual 

characteristics is not matching. In those cases where only one orientation could be found the 

visual characteristics was vital to match the similarity of the reference zone. There have been 

many cases in this evaluation where only one orientation in the surrounding boreholes has been 

available but due to the lack of similarity to the reference zone they have been excluded.  

5.5 Assembling of the resulting large scale weakness zones 

In Table 6 to Table 19 an assembly of the result in chapter 5.1-5.4 is presented. To the left in the 

tables the reference zone is presented with the evaluated orientation. To the right the weakness 

zones in the surrounding boreholes are presented with their predicted depth from the 

extrapolation in RockWorks15 and the determined depth from the study of the photos, as well as 

the orientation for those zones which had available data.  

Table 6 Large scale weakness zone in borehole 1 at 114,2 m depth. 

Borehole 

number 

Reference zone Predicted depth (meter) Analyzed zone from the photos 

Depth (meter) Orientation 

(strike/dip) 

Depth (meter) Orientation 

(strike/dip) 

1 114,2 259/13    

2   173 169,7  

3   290 270,2  

4   227 218,5  

7   107 112,3 86/12 
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Table 7 Large scale weakness zone in borehole 1 at 120,9 m depth. 

Borehole 

number 

Reference zone Predicted depth (meter) Analyzed zone from the photos 

Depth (meter) Orientation 

(strike/dip) 

Depth (meter) Orientation 

(strike/dip) 

 1  120,9 358/79    

4   274 265,8  

7   106 104,8 349/77 

 

Table 8 Large scale weakness zone in borehole 1 at 266,9 m depth. 

Borehole 

number 

Reference zone Predicted depth (meter) Analyzed zone from the photos 

Depth (meter) Orientation 

(strike/dip) 

Depth (meter) Orientation 

(strike/dip) 

1 266,9 15/67    

2   325 324,5  

7   257 250,4 12/54 

 

Table 9 Large scale weakness zone in borehole 1 at 284,7 m depth. 

Borehole 

number 

Reference zone Predicted depth (meter) Analyzed zone from the photos 

Depth (meter) Orientation 

(strike/dip) 

Depth (meter) Orientation 

(strike/dip) 

1 284,7 10/81    

2   380 381,0  

7   267 281,0 10/73 

 

Table 10 Large scale weakness zone in borehole 1 at 396,1 m depth. 

Borehole 

number 

Reference zone Predicted depth (meter) Analyzed zone from the photos 

Depth (meter) Orientation 

(strike/dip) 

Depth (meter) Orientation 

(strike/dip) 

1 396,1 25/89    

2   423 420,5  

7   396 386,1 44/81 

 

Table 11 Large scale weakness zone in borehole 1 at 423 m depth. 

Borehole 

number 

Reference zone Predicted depth (meter) Analyzed zone from the photos 

Depth (meter) Orientation 
(strike/dip) 

Depth (meter) Orientation 
(strike/dip) 

1 423,0 38/89    

2   400 401,0  

7   447 454,2 32/74 
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Table 12 Large scale weakness zone in borehole 1 at 635,1 m depth. 

Borehole 

number 

Reference zone Predicted depth (meter) Analyzed zone from the photos 

Depth (meter) Orientation 

(strike/dip) 

Depth (meter) Orientation 

(strike/dip) 

1 635,1 14/49    

2   651 640,6  

3   269 262,7 350/32 

4   227 218,5  

5   86 93,9 19/63 

7   586 581,2 6/57 

 

Table 13 Large scale weakness zone in borehole 1 at 650,6 m depth . 

Borehole 

number 

Reference zone Predicted depth (meter) Analyzed zone from the photos 

Depth (meter) Orientation 

(strike/dip) 

Depth (meter) Orientation 

(strike/dip) 

1 650,6 42/63    

2   613 622,4  

3   81 87,3  

4   134 crushed rock  

5   86 93,9 33/72 

6   50 55,1 50/80 

7   654 650,7 36/75 

 

Table 14 Large scale weakness zone in borehole 1 at 809,3 m depth. 

Borehole 

number 

Reference zone Predicted depth (meter) Analyzed zone from the photos 

Depth (meter) Orientation 
(strike/dip) 

Depth (meter) Orientation 
(strike/dip) 

1 809,3 26/51    

2   780 782,7  

3   342 no zone 35/47 

4   343 344,0  

7   736 743,4 35/65 

 

Table 15 Large scale weakness zone in borehole 1 at 815,8 m depth. 

Borehole 

number 

Reference zone Predicted depth (meter) Analyzed zone from the photos 

Depth (meter) Orientation 
(strike/dip) 

Depth (meter) Orientation 
(strike/dip) 

1 815,8 27/68    

2   786 797,6  

3   273 270,4  

4   280 286,3  

6   21 no zone 20/71 on 32,1 and 

32,25m 

7   758 749,6 35/80 
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Table 16 Large scale weakness zone in borehole 3 at 62,8 m depth. 

Borehole 

number 

Reference zone Predicted depth (meter) Analyzed zone from the photos 

Depth (meter) Orientation 

(strike/dip) 

Depth (meter) Orientation 

(strike/dip) 

3 262,8 359/89    

1   443 423,0 10/89 

2   507 514,6  

4   206 204,8  

5   92 118,4 17/86 

7   395 374,7 336/88 

 

Table 17 Large scale weakness zone in borehole 3 at 295,4 m depth . 

Borehole 

number 

Reference zone Predicted depth (meter) Analyzed zone from the photos 

Depth (meter) Orientation 

(strike/dip) 

Depth (meter) Orientation 

(strike/dip) 

3 295,4 20/55    

1   740 747,1 18/58 

2   735 742,2  

4   374 359,5  

5   109 97,5  

6   30 43,3 352/27 

7   665 no zone 4/47 at 659,98 m 

depth 

 

Table 18 Large scale weakness zone in borehole 5 at 62,2 m depth. 

Borehole 

number 

Reference zone Predicted depth (meter) Analyzed zone from the photos 

Depth (meter) Orientation 

(strike/dip) 

Depth (meter) Orientation 

(strike/dip) 

5 62,2 28/53    

1   606 602,9 26/62 

2   604 622,2  

3   165 163,1  

4   164 156,4  

7   577 581,2 32/40 

 

Table 19 Large scale weakness zone in borehole 6 at 36,7 m depth. 

Borehole 

number 

Reference zone Predicted depth (meter) Analyzed zone from the photos 

Depth (meter) Orientation 

(strike/dip) 

Depth (meter) Orientation 

(strike/dip) 

6 36,7 40/67    

1   675,7 675,4 30/52 

2   654 665,0  

3   105 101,1  

4   153 158,8  

5   90 103,0 41/66 

7   687 no zone 46/80 at 695m depth 
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6. Discussion  

The importance of knowledge of structures in a rock mass is well known in rock mechanics but 

for this purpose oriented rock core is not frequently used (Ludvig, 2013). Oriented rock cores is 

more commonly used for geological purpose such as evaluating the geology and if there are 

larger fault that influence the rock mass.  

Oriented rock core may be used in a pre-investigation phase with the advantage to give more 

information about structures in the rock mass compared to using non-oriented rock cores. The use 

of oriented rock core can be used in the mining industry as well as in civil engineering. When for 

example constructing and designing a railway tunnel the first borehole can give information 

about the orientation of weakness zones and joints. This may be of advantage in an early planning 

stage and give an idea of where to drill the next borehole or boreholes (if necessary). In the 

mining industry oriented rock core may help to find large scale weakness zones within the rock 

mass and their orientation. This can reduce the amount of boreholes that needs to be drilled due 

to the amount of information of the weakness zones that can be withdrawn from the data.  The 

orientation data may also be used to identify the ore contact and the location of the orebody. In 

the early stage this can be of importance when designing the mine site for example the location of 

the ramp and the drifts within the rock mass to prevent stability problems and collapse within the 

mine. In Figure 52 an example of the orientation of a large scale weakness zone is presented 

where there are two options of the location of the shaft. If the orientation of the weakness zone is 

not known the alternative 2 may be used due to be certain that the weakness zone does not 

interfere with the ramp. But if the orientation is known the location of the shaft may be located 

closer to the orebody and this will decrease the distance for transportation. By using one borehole 

and perform oriented rock core evaluation in the area close to the ore, the weakness zone and its 

distribution could be identified. However if the rock cores should not have been oriented it is 

more likely that two boreholes are requires in order to find the distribution of the weakness zone.   
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Figure 52 Alternatives for shaft locations depending on known/unknown orientation of large scale weakness zone (not to 

scale). 

The RQD and the size of the zone were used as a definition for determining the zones in this 

work and it can be a good way to begin. Based on these the weakness zones can be determined 

and the data reduced. For the evaluation, the orientation and the visual characteristic of the zone 

was investigated but it can be of interest to also take into account the joint properties, such as the 

roughness and the filling of the joints to complement the result of the zone. This may take more 

time due to an extra parameter to evaluate but the extra information could be of advantage if 

unsure of a zone. For example, a zone is found and evaluated as a reference zone, if there is lack 

of orientation data in the surrounding boreholes the found zones may be selected to be a part of 

the propagated zone due to the similar fillings in the joints/zone.  

The propagation of the zone over the core may be misleading due to the inclination of the zone. If 

the resulting inclination of the zone in the core is very small the zone may follow the borehole 

direction and give a larger propagation along the borehole then the true width of the zone. A 

weakness zone does not always need to be a crush zone and the properties of the zone may vary 

within the rock mass. Therefor the RQD is not of high importance when connecting the reference 

zone with the zones in the surrounding boreholes.  

The collection of the orientation data was assumed to be within the range of four meters in total 

around the zone this may be further analyzed to evaluate if this is a good span of data or if it 

should be larger or smaller depending on the size of the zone. The available data for the zones 

where not complete and therefor some of the zones only had a few orientation to analyze for the 

dominating orientation. With complete orientation data around the zones the result would 

probably been more satisfying and reliable.  

The interpretation in Dips v6.0, where a mean value was combined with an analyzing range of 40 

meters on the borehole intersection from the reference zone is uncertain. From the stereographic 

Shaft alt. 1 Shaft alt. 2 
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projection the maximum and minimum values of the strike and dip would give a more accurate 

interval of the range of intersection in surrounding boreholes. With large distance between the 

reference zone and the borehole of intersection this range will be larger or if the distance is small 

the range of intersection will be smaller (Figure 53). By this procedure the analyzing range can be 

evaluated closer to the truth, than the assumption made in the evaluation. However this may give 

more data to process or less, depending of the distribution of the mapped orientations. 

 

Figure 53 Definition of mean value vs. max. and min. value of orientation. 

The distribution of the reference zone was assumed to be linear when extrapolated the zone in 

RockWorks15 for predicting the depths in the surrounding boreholes. This was used to give a 

hint but also to enable the predicted depths for the propagation of the zone trough the rock mass. 

This assumption was later dropped for the assumption that the zones are not linear in nature and 

by this varying both in strike and dip. In Figure 54 this is presented where the zone has a quite 

flat dip and that later steepened. This is probably more likely to be true, but it is more likely that 

the dip is not changing so abruptly. 
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Figure 54 The varying of a weakness zone, (private photo). 

Independently on the methods used for orientating the rock core, the case where there are two 

crush zones within a drill run the orientation in between these are lost due to the unknown 

position of the core in perspective to the oriented point in the ends of the rock core. This is hard 

to avoid and the probability of reducing this situation is quite small due to the structures within 

the rock mass. One way that may prevent this is by using a 3 meters core barrel where possibly 

the distance between the zones are 3 meters or more.   

The equipment for the logging was an easy using tool where the operator only needs to place the 

core in the instrument and push the button, rotate and push another button to record the β and α 

for the calculation of true strike and dip. If not full attention is taken to the process the core can 

be placed reversed and another joint might be measured, this gives an error in the recording data. 

The instrument needs to be calibrated regularly, this would be profitable to do each time before 

using the instrument to ensure that the measured angles are correct.  

It is also importance that the deviation file from the drill rig is added before producing the excel-

sheet for the true strike and dip that is used in the stereographic projections. This is because of the 

difficulty to discover if the sheet only consists of the depth and the apparent orientations for the 

joints, or the true orientations. This situation appeared during this thesis while processing the data 

files, but was discovered and could be corrected. However, it was quite time consuming to find 

the data file which didn’t contained the deviation for the orientations.  

The advantage of using oriented rock core lays mainly in the amount of data that can be retrieved 

from the core, even in a later stage. As long as the core is market with the reference line and the 

data for the orientation of the borehole and the borehole deviation from the drilling is saved, the 

information to calculate the true strike and dip is ensure. When logging in a later stage the 

information wanted can be extracted from the rock core which may save time and thereby reduce 

the cost for the logging.  
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It is not necessary to orientate all boreholes however the borehole that is to be orientated needs to 

be as complete as possible to ensure all information. By this the non-oriented boreholes can be 

connected when orientation data from two or more oriented boreholes are available.  

The cost for oriented rock core is approximately 15% higher per drilled meter then for a non-

oriented rock core (Ludvig, 2014). So if drilling one non-oriented and two oriented boreholes 

with the same length the cost will be 10% higher. However there may be of interested to reduce 

the amount of borehole and only perform oriented boreholes instead of doing both. The amount 

of boreholes may be reduced up to 30% depending on the distance between the boreholes. If 

planning to drill three 100 meters non-oriented boreholes with a distance of 200 meters in 

between, this may be change to two oriented boreholes with 300 meters in between. This will 

instead reduce the cost by approximately 13%.  

6.1. Recommendation for future work  

The method used in this thesis where oriented rock core is used to evaluate the orientation of 

weakness zone is a good start. But it needs to be refined and standardized to be able to cut down 

the time and secure the certainty independently of how is performing the evaluation. It could be 

of benefit to have this approach in mined as early as in the stage of logging the core, where it 

would be easier to predict the orientation when having the existing rock core instead of 

evaluating pictures of the rock cores.  

The suggestion is to use the RQD and the size of the zone as parameters to determine the 

weakness zones but not to use theses as fixed values. The biggest suggested change for a further 

evaluation of oriented rock core is concerning the mean value of the dominating orientations 

found in the stereographic projections. It would be of benefit to use the minimum and maximum 

value of the dominating orientations to ensure a better span over the intersecting borehole. 

To provide this method all stages, from drilling to logging, are of equally importance for the 

result. It would be of benefit if all involved knew the value of the data that is to be extracted and 

the use of it in an early stage, but also further in to the project.  

6.2. Conclusion  

The result from the process of the analyzing steps in this thesis shows that it is possible to 

connect zones between boreholes with oriented rock core to find the true propagation of a zone. 

This however, cannot be performed with the same degree of reliability by using non-oriented 

rock cores. Non-oriented rock core can give the information regarding the rock types, the 

structure, the location of the structure in the borehole and the rock mechanic properties. It is a 

less expensive method then oriented rock core and well applied in the industry but it does not 

give the certain orientation of the discontinuities and other structures within the rock mass.  
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If for example evaluating the ore contact the non-oriented rock core can give a hint of the borders 

but no certainty of their locations. With oriented rock core these can give extra information that 

may give a more certain location of the ore contact and weakness zones that can influence the 

design. By performing oriented rock cores in an early stage and evaluating the results of the data 

to connect the weakness zones between the boreholes, the site can be optimized booth in design 

and location.    

To certify the large scale weakness zones within the rock mass two or more orientations from the 

rock core in the surrounding boreholes can satisfy the result. If only one orientation from a rock 

core is available from the surrounding boreholes the true propagation of the zone can be 

determined but with less certain. In a smaller area for evaluating a rock mass where orientation of 

weakness zones and joints can be mapped on the surface it could be satisfying with oriented rock 

core from two boreholes. The conclusion from this evaluation is that oriented rock core can be of 

large benefit when determining the orientation of a weakness zone. But the orientation data needs 

to be as complete as possible for the rock core to be able to do a good evaluation of the 

orientation around the investigated zone. If this is fully performed with precision and accuracy it 

is most likely that the amount of borehole can be reduced. 

From the evaluation 15% of the weakness zones could be determined from the identified zones. 

The results may be small but this work shows that it is possible to predict weakness zones within 

the rock mass. In this case the rock mass contained of a lot of weakness zones which resulted in 

that the resulting zones had to have at least one orientation in the zones in the surrounding 

boreholes to be certain. If the rock mass would have been of better quality or if more orientation 

data would have been available the outcome would probably be more reliable.  

The disadvantages with oriented rock cores is that the cost will be higher concerning that it takes 

more time in the drilling procedure, the drill operator needs to be educated in using the equipment 

and the time for the core logging. However, the information may be of such importance that the 

cost will be reduced in a later stage due to e.g. the prevention of failure within the rock 

construction. 

The objective in this thesis was to evaluate an approach for predicting weakness zones within a 

rock mass by oriented rock cores. The hope was to find an approach that could be standardized 

and used by anyone with some experience of rock structures. However, this was not the case of 

the approached used. In several stages during the work some personal evaluations was needed. 

For example when studied the zones in the surrounding boreholes, a personal evaluation was 

needed to find the zones that hade the most similar visual characteristics where orientation data 

was not available. The method performed in this evaluation needs to be further investigated and 

refined to ensure this statement.  
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Appendix A 

If drawing a plane of 0/70 (strike/dip) the great circle starts at the top in the north direction and 

ends in the south, 180 degrees round the circle. If drawing a straight line it means that the joint 

has a dip of 90 degrees and thereby is vertical. But in this case the dip is 70 degrees and for this a 

point is drawn from the east direction 70 degrees into the center of the projection. From the north 

following the shape of the net down to the point of 70 degrees and continuum down to the south 

the great circle is projected. In Figure 55 this orientation is marked with red, there are also the 

orientation of 90/45 and 290/20 to illustrate how the great circle can look depending on the 

orientation of the plane.  

 

 

Figure 55 Stereographic projection with illustration of the pole point for the orientations produced in Dips v6.0 

(Rocscience, Inc., 2012).   

 

  

90 

360
o 

90
o 

290
o 



II 

 

Appendix B 

On an oriented rock core the α and β angles can be measured and from these the true strike an dip 

can be calculated in a stereographic projection.  

In this example the borehole (H) is drilled 70
o
 inclined to the north. The β is measured from the 

reference line clockwise to the major axis of the ellipse (MAJ(P)) that forms plane (P) and in this 

case is measured to 65
o
 where the α is measured to 45

o
 from the core axis to the major axis of the 

ellipse (Figure 56a) (Goodman, 1976). 

                  

(a)                                                                                                        (b) 

Figure 56 (a) α and β illustration from rock core, (b) stereographic projection of calculating the true strike and dip from α 

and β (Goodman, 1976).  

In the stereographic projection the borehole is first marked with its location where this is done by 

a point and the letter H, the procedure can be seen in Figure 56b. The β plane is drawn as the 

normal to the point H which gives the strike of 90o and the dip of 20o. Now the first point on the β 

plane can be marked where the point P is market 65
o 
calculated from β=0 along the plane. In the 

line of H and P the value of α is calculated from H in this case 45o. The last point is marked 90o 

calculated along the β plane from the point P which represents the miner axis of the ellipse of the 

plane P. Now the great circle for the true strike and dip for the plane can be drawn from the 

MIN(P) to MAJ(P) and fulfill the circle (Goodman, 1976).  
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Appendix C 

Input files for Rockworks15 is presented in Table 20 to Table 25. 

Table 20 Input data file borehole 1. 

Depth Azimuth Inclination Radius Aperture Color 

43,6 239 5 2 0,2 65280 

114,18 133 73 2 0,22 65280 

114,18 349 13 2 0,22 33023 

120,85 110 78 2 0,71 65280 

120,85 88 79 2 0,71 33023 

180,81 94 68 2 0,74 65280 

182,79 157 65 2 0,51 65280 

252,8 132 71 2 0,66 33023 

252,8 109 86 2 0,66 65280 

255,84 120 50 2 0,87 255 

257,38 120 50 2 0,32 255 

258,39 120 50 2 1,31 255 

260,92 120 50 2 0,64 255 

262,5 120 50 2 0,28 255 

263,36 120 50 2 0,41 255 

266,86 105 67 2 0,32 33023 

266,86 170 83 2 0,32 65280 

278,2 101 84 2 0,53 33023 

278,2 160 71 2 0,53 65280 

284,74 100 81 2 0,2 33023 

284,74 81 46 2 0,2 65280 



IV 

 

Depth Azimuth Inclination Radius Aperture Color 

328,06 115 68 2 0,29 65280 

328,06 39 30 2 0,29 33023 

347,5 279 19 2 0,93 33023 

347,5 121 72 2 0,93 65280 

396,05 115 89 2 0,51 65280 

396,05 8 83 2 0,51 33023 

411,85 112 65 2 0,18 65280 

414,17 113 69 2 0,2 65280 

419,2 100 89 2 0,42 65280 

422,98 100 89 2 0,31 33023 

422,98 128 89 2 0,31 65280 

497,97 208 67 2 0,17 33023 

497,97 121 75 2 0,17 65280 

503,46 322 69 2 1,34 65280 

503,46 251 18 2 1,34 33023 

503,46 334 86 2 1,34 0 

534,12 210 80 2 0,42 65280 

567,94 120 50 2 0,25 255 

587,4 173 62 2 0,35 65280 

635,07 104 49 2 0,25 65280 

640,03 346 63 2 0,2 33023 

640,03 111 45 2 0,2 65280 

650,64 132 63 2 0,56 65280 

650,64 206 81 2 0,56 33023 

      



V 

 

Depth Azimuth Inclination Radius Aperture Color 

654,72 128 65 2 0,77 65280 

657 128 78 2 0,6 65280 

657 220 70 2 0,6 33023 

660,13 128 78 2 0,24 65280 

660,13 21 86 2 0,24 33023 

747,14 26 84 2 0,34 0 

747,14 108 58 2 0,34 33023 

747,14 190 53 2 0,34 65280 

764,72 170 23 2 0,53 33023 

764,72 205 66 2 0,53 65280 

797,97 224 76 2 0,77 65280 

809,32 116 51 2 0,33 65280 

815,75 117 68 2 0,55 65280 

 

Table 21 Input data file borehole 2. 

Depth Azimuth Inclination Radius Aperture Color 

169,7 120 50 2 0,3 255 

256,7 120 50 2 0,3 255 

257,3 120 50 2 1,95 255 

334,51 120 50 2 2 255 

344,75 120 50 2 0,4 255 

358,7 120 50 2 0,4 255 

362,8 120 50 2 0,4 255 

380,9 120 50 2 0,3 255 

      



VI 

 

Depth Azimuth Inclination Radius Aperture Color 

420,15 120 50 2 0,45 255 

511 120 50 2 0,8 255 

531,35 120 50 2 0,95 255 

550,4 120 50 2 0,3 255 

566,86 120 50 2 0,38 255 

618,1 120 50 2 0,3 255 

622,23 120 50 2 0,5 255 

656,4 120 50 2 0,9 255 

663,5 120 50 2 2,8 255 

668,53 120 50 2 0,24 255 

673,7 120 50 2 0,7 255 

715,8 120 50 2 0,3 255 

739,1 120 50 2 1,4 255 

742 120 50 2 0,9 255 

761,6 120 50 2 0,3 255 

782,2 120 50 2 1 255 

797,9 120 50 2 0,7 255 

819,7 120 50 2 0,7 255 

826,6 120 50 2 0,5 255 

846,6 120 50 2 0,3 255 

858,2 120 50 2 0,2 255 

886,6 120 50 2 0,2 255 

915,15 120 50 2 1 255 

925,5 120 50 2 1,3 255 

      



VII 

 

Depth Azimuth Inclination Radius Aperture Color 

945,3 120 50 2 0,2 255 

958,6 120 50 2 0,8 255 

967,75 120 50 2 0,75 255 

982,9 120 50 2 1,4 255 

985,2 120 50 2 0,9 255 

1011,15 120 50 2 0,22 255 

1024,7 120 50 2 2,7 255 

 

Table 22 Input data file borehole 3. 

Depth Azimuth Inclination Radius Aperture Color 

35,33 120 30 2 0,27 255 

41,23 120 30 2 1,10 255 

48,35 120 30 2 0,55 255 

52,15 120 30 2 0,60 255 

58,1 120 30 2 1,60 255 

65,37 120 30 2 0,82 255 

70,28 120 30 2 0,77 255 

71,24 120 30 2 0,23 255 

74,8 120 30 2 0,85 255 

76,76 120 30 2 0,79 255 

77,92 120 30 2 0,13 255 

87,28 120 30 2 0,27 255 

92,9 120 30 2 0,25 255 

94,52 120 30 2 1,55 255 

      



VIII 

 

Depth Azimuth Inclination Radius Aperture Color 

99,03 120 30 2 2,12 255 

101,15 120 30 2 1,04 255 

103,44 120 30 2 0,51 255 

108,4 120 30 2 0,27 255 

111,38 120 30 2 0,32 255 

112,55 120 30 2 0,85 255 

114,82 120 30 2 0,38 255 

124,1 120 30 2 0,37 255 

124,47 120 30 2 1,06 255 

139,9 120 30 2 0,74 255 

144,3 120 30 2 0,28 255 

154,06 120 30 2 2,84 255 

157,21 120 30 2 0,61 255 

163,14 120 30 2 0,40 255 

168,86 120 30 2 0,24 255 

170,42 120 30 2 0,98 255 

180,31 120 30 2 2,36 255 

184,4 120 30 2 1,08 255 

202 120 30 2 0,25 255 

205,8 120 30 2 0,34 255 

207 120 30 2 0,50 255 

211,2 120 30 2 2,60 255 

215,1 120 30 2 3,40 255 

225,56 120 30 2 1,32 255 

      



IX 

 

Depth Azimuth Inclination Radius Aperture Color 

233,8 120 30 2 0,93 255 

238,66 120 30 2 0,44 255 

247,29 120 30 2 0,56 255 

248,31 120 30 2 8,69 255 

262,82 89 30 2 0,08 65280 

270,23 120 30 2 0,77 255 

271,7 169 69 2 0,15 65280 

271,7 129 64 2 0,15 33023 

287,85 104 65 2 0,33 65280 

287,85 200 23 2 0,33 33023 

295,43 110 55 2 0,42 65280 

307,9 112 59 2 2,38 65280 

307,9 85 56 2 2,38 33023 

310,28 120 30 2 3,52 255 

313,8 120 30 2 1,60 255 

 

Table 23 Input data file borehole 4. 

Depth Azimuth Inclination Radius Aperture Color 

34,4 120 20 2 6,5 255 

41,48 120 20 2 1,24 255 

44,64 120 20 2 5,5 255 

54,41 120 20 2 10,97 255 

66,32 120 20 2 3,53 255 

82,95 120 20 2 4,6 255 

      



X 

 

Depth Azimuth Inclination Radius Aperture Color 

89,93 120 20 2 1,07 255 

99,69 120 20 2 3,36 255 

110,4 120 20 2 8,69 255 

120,95 120 20 2 14,29 255 

135,24 120 20 2 7,1 255 

142,34 120 20 2 4,66 255 

154,44 120 20 2 2,06 255 

160 120 20 2 0,6 255 

163,5 120 20 2 1,4 255 

178,4 120 20 2 0,6 255 

182 120 20 2 0,38 255 

193,8 120 20 2 1,8 255 

198,8 120 20 2 0,95 255 

204,57 120 20 2 0,43 255 

218,5 120 20 2 0,13 255 

242,9 120 20 2 0,1 255 

248,8 120 20 2 0,4 255 

255,8 120 20 2 1,9 255 

258,2 120 20 2 1,85 255 

262,05 120 20 2 0,25 255 

286,2 120 20 2 0,9 255 

307,8 120 20 2 2,5 255 

343,78 120 20 2 0,31 255 

348,72 120 20 2 0,22 255 

      



XI 

 

Depth Azimuth Inclination Radius Aperture Color 

349,78 120 20 2 0,22 255 

358,89 120 20 2 1,11 255 

367,53 120 20 2 0,56 255 

373,8 120 20 2 0,38 255 

 

Table 24 Input data file borehole 5. 

Depth Azimuth Inclination Radius Aperture Color 

48,91 109 75 20 0,73 65280 

48,91 153 39 40 0,73 33023 

62,2 118 53 40 0,50 65280 

62,2 184 45 40 0,50 33023 

70,22 29 12 40 0,48 0 

70,22 215 23 20 0,48 33023 

70,22 113 75 40 0,48 65280 

71,45 193 35 20 2,45 0 

71,45 69 4 40 2,45 33023 

71,45 108 79 40 2,45 65280 

74,83 121 69 40 0,27 65280 

74,83 231 44 40 0,27 33023 

80,30 100 50 20 0,44 65280 

80,30 99 58 40 0,44 33023 

93,85 197 46 20 0,45 33023 

93,85 94 68 40 0,45 65280 

103,47 219 45 40 0,33 65280 

      



XII 

 

Depth Azimuth Inclination Radius Aperture Color 

103,47 131 66 40 0,33 33023 

103,47 101 60 40 0,33 0 

 

Table 25 Input data file borehole 6. 

Depth Azimuth Inclination Radius Aperture Color 

36,7 256 36 10 1,9 0 

36,7 169 29 40 1,9 33023 

36,7 130 67 40 1,9 65280 

43,7 185 60 40 1,8 33023 

43,7 126 72 10 1,8 65280 

54,98 145 78 10 0,31 33023 

54,98 113 84 40 0,31 65280 

54,98 215 68 40 0,31 0 

74,4 140 73 10 0,4 65280 

74,4 39 3 40 0,4 33023 

75,7 120 30 10 0,85 255 

77,45 120 30 10 0,45 255 

79,6 120 30 10 0,68 255 

81,85 60 63 10 0,85 33023 

81,85 115 71 40 0,85 65280 
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Appendix D 

In Table 26 the result from the RQD evaluation is presented.  

Table 26 The resulting zones from the RQD evaluation. 

Hole Depth of 

zone 

RQD Width of 

zone 

1    

 114,18 10 0,22 

 120,85 10 0,71 

 266,86 10 0,32 

 284,74 10 0,2 

 396,05 10 0,51 

 422,98 10 0,31 

 503,46 10 1,34 

 635,07 10 0,25 

 650,64 10 0,56 

 809,32 10 0,33 

 815,75 10 0,55 

3    

 262,82 10 0,2 

 295,43 10 0,42 

6    

 36,7 10 1,9 

5    

 62,2 10 0,5 
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Appendix E 

In Figure 57 to Figure 62 the stereographic projections for the determined analysis in borehole 1 

is presented with the mean value of the determined primary and secondary joint group 

orientations, and in one case a third orientation.   

                

Figure 57 Left figure, depth 114,18m, prim. 43/73, sec. 259/13, right figure, depth 120,85m, primary 20/78, secondary 

358/79. 

                   

Figure 58 Left figure depth 266,86m, prim. 80/83, sec. 15/67, right figure, depth 284,74m, prim. 352/46, sec. 10/81. 



XV 

 

                 

Figure 59 Left figure, depth 396,05m, prim. 25/89, sec. 278/83, right figure, depth 422,98m, prim. 38/89, sec. 10/89. 

                   

Figure 60 Left figure, depth 503,46m, prim. 232/69, sec. 161/18, third 244/86, right figure, depth 635,07m, prim. 14/49.  



XVI 

 

                

Figure 61 Left figure, depth 650,64m, prim. 42/63, sec. 116/81, right figure, depth 809,32m, prim. 39/36, sec. 26/51. 

 

Figure 62 Depth 815,75m, prim. 27/68, sec. 98/76 

In Figure 63 the stereographic projections for the determined analysis in borehole 3 is presented.  
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Figure 63 Left figure, depth 262,82m, prim. 359/30, sec. 67/41, right figure, depth 295,43m, prim. 20/55. 

         

In Figure 64 borehole 5 is evaluated with stereographic projection.  

 

Figure 64 Depth 62,2m, prim. 28/53, sec. 98/45 

In Figure 65 borehole 6 is evaluated with stereographic projection.  
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Figure 65 Depth 36,7m, prim. 40/67, sec. 79/29, third 166/26 

 

 

 


