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Abstract 
Almost all granite outcrops have natural fractures which influence their response to mechanical failure. This 
paper focuses on the use of AutoCAD© computer software model in characterizing the fractures of a granite 
outcrop at Johnson Constructions quarry, Akure, Ondo State. The fractures were mapped. The results were used 
to determine the in situ block-size distribution of the outcrop. They indicated irregular block size distributions 
which were set with average surface area of in – situ blocks sizes ranges of 0.01-1.50m2, 1.51-4.00m2, 4.01-
8.00m2, 8.01-12.00m2, 12.01-16.00m2, 16.01-24.00m2 and 24.01-32.00m2respectively. It was recommended 
that the region with average surface area of in - situ block of range 0.01-1.50m2 should be charged with 50% of 
the current high charge in use, for range of 1.5-4.00m2, 60%, for range of 4.01-8.00, 80% and 100% for ranges 
above 8.00m2 
__________________________________________________________________________________________ 
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INTRODUCTION  
In nearly all quarries in Nigeria, the blast design is 
done in generalized manner for the entire outcrop 
without taken into consideration the fracture 
characterization of the said outcrop. This thus often 
results into damage from fly rock. The need for this 
research work thus becomes imperative to ensure 
safety of people in the environment as well as to 
reduce expenses on compensation. 
 
Rocks are important geotechnical materials that have 
found usage in virtually all aspects of human’s 
technological development. Rocks form the essential 
part of the earth crust. They are usually 
discontinuous, inhomogeneous, anisotropic and non-
elastic. A good knowledge of rock behaviour and 
how to control it especially when subjected to loading 
conditions will minimize its susceptibility to 
structural failure. 
 
The presences of discontinuities in rocks have played 
a significant role in rock behaviour under loading 
condition. Discontinuities in rocks affect greatly the 
way rock materials are detached from the rock mass.  
Adebayo and Umeh (2007) noted that nearly all the 
problems reported from blasting have some 
connections with the geology or rock properties. 
Similarly, Sainbury et al, (2008) stated that the 
strength and deformation of a jointed rock mass is 
governed strongly by the presence of 
joints/discontinuities. Fracture, or essentially linear 
discontinuities, are pervasive in rock masses and can 
be observed at any scale, be it from high altitude 

aerial photography or through a microscope. They 
represent a deformational response to forces imposed 
on the rock at some time in its geological history, 
(Fairhurst and Cornet, 1981).  
 
Fracture Network Characterization 
When analyzing the discontinuities of a rock mass, 
their characteristics must be examined. Brady and 
Brown (2006) listed some important geomechanical 
properties of discontinuities in a rock mass that 
should be analysed. These include orientation, 
spacing, discontinuity spacing, persistence, 
roughness, aperture and filling. Fracture network 
characterization is a process where fracture features 
such as orientation, spacing of dominant and 
subordinate joint system(s) as well as micro-fractures 
are determined (Saliu, 2008). The density and 
persistence of fracture orientation is very important 
especially in the determination of the block size 
distribution in a given rock mass. The development 
of an engineering understanding of the structure of a 
rock mass must begin with the study of the general 
regional and mine geology as determined during 
exploration (Brady and Brown, 2006). Data acquired 
during this stage of a mining project should be used 
as a starting point, which can be a guide for 
understanding the behaviour of a rock mass. To 
proceed, mapping must be carried out and data 
obtained be analysed. Methods in use for data 
acquisition include scanline and window mapping 
(Saliu, 2008), photogrammetry, drilling parameter 
recorder (DPR) etc. Of these, scanline and window 
mapping will be considered in this research work. 
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Block size distribution and estimation 
The formation of individual in-situ blocks of intact 
rock of different sizes and shapes, results from the 
intersection of fracture sets with different spacing 
orientation characteristics. Block size is, in many 
aspects of geomechanics, one of the most critical of 
rock mass parameters. According to Saliu, (2008), in 
terms of the stability of rock slopes and openings, it 
is often the only parameter needed. Yet in most cases 
it is difficult if not impossible to measure directly. As 
a result, crude estimations of block size are typically 
made and incorporated into rock mass classifications 
(Maerz and Germain, 1996). The block dimensions 
are determined by three rock mass parameters, 
namely discontinuity spacing, the number 
discontinuity sets and the persistence of the 
discontinuities delineate a potential block (Sonmez 
and Ulusay, 1999). Quite a number of methods are 
operational in the estimation or measurement of 
block size. These include empirical methods, 
refraction seismic methods etc. The empirical 
methods include the joint spacing method, the block 
volume method and the volumetric joint counts 
method. More recently, the computer models 
methods of estimation of in-situ block size 
distribution have been developed (Saliu, 2008). These 
include FracBlock model, IBSD model (Latham et al, 
2006) and AutoCad© model. These methods are 
based on the orientation and spacing distribution of 
fractures to obtain the block size distribution of the 
outcrops. Of these, AutoCAD© model is adopted for 
this work.  
 
Modelling is a straight forward task but involves 
many complexities and compromises. In essence, as 
explain by Starfield and Cundall (1998), the key 
components of any satisfactory modelling approach 
are data and understanding. The purpose of this 
model is to create a new approach that maximises the 
use of feasibly available data and obtain the block 
size distribution in the outcrop under consideration 
(Saliu, 2008). Not all mining operators have access to 
stochastic discrete fracture network models such as 
FracMan software. Thus, incorporating AutoCAD© 

model into this research will act as an alternative in 
determining block size distribution of an outcrop. 
AutoCAD© has the capacity for creating a 3D model 
for engineering drawings which can thus be 
incorporated into geomechanical fracture model. 
Required geotechnical data for this model include: 
 The relative position of the outcrop on the 

surface of the earth 
 The spacing of the joints 
 The persistence of the fracture 
 The orientation of the joint sets 

 
Saliu (2008) observed that the only limitation with 
the use of AutoCAD© model for fracture pattern is 
that it takes all fractures as nearly vertical. Any 

fracture that dips at an angle less than 850 may not be 
accurately represented. 
 
MATERIALS AND METHOD 
The chosen study area was visited with a view to 
collecting relevant data. The process of acquiring 
comprehensive information about the fracture 
network of an outcrop involves the mapping of the 
outcrop using standard surveying methods. The 
method in use here are scanline mapping and window 
mapping. The data collected is used to generate a 
model of the fracture network of the outcrop using 
AutoCAD© computer model. 
 
Scanline Mapping 
A scanline is a line set on the surface of the rock 
mass, and the survey consists of recording data for all 
discontinuities that intercept the scanline along its 
length, Brady and Brown (2006). It is carried out by 
placing a measuring tape along the face of the 
outcrop to be measured, usually at the waist height, 
and the measurement of every noticeable feature that 
cuts the tape, whilst recording its position. It must be 
noted that the scanline mapping only take into 
account the fractures that intercepts the line while 
ignoring those that does not intercept the line. As 
noted by Saliu, (2008), this system maps only the 
fractures that intercept the line, many fractures that 
do not fall on the line will be left out or unmapped. 
With the required detailed fracture density for 
dimension stone evaluation, scanline mapping can be 
inadequate for collecting sufficient data for the study 
area. 
 
Procedure 
The procedure for obtaining scanline map for an 
outcrop begins with the setting up of tools and 
materials for the process. Tools and materials in use 
for this procedure are; 
 Measuring tape 
 Masonry nails 
 Marker 
 Compass Clinometers 
 Hammer  

 
Using the hammer, mansory nails are driven at both 
end of our scan length measured with the measuring 
tape and marked using the marker. The compass 
clinometer is then used to obtain the strike and the 
dip of all fractures that cut the scanline. The 
perpendicular distances between two successive 
parallel fractures were measured to obtain the joint 
spacing for the mapped fractures.  A space of about 
3m intervals is left between the nails along the tape 
and it is kept as taut as possible. For the purpose of 
effective exercise, the scanline is assigned a number 
after it has been established. The location, scanline 
number, date, rock type, face orientation, scanline 
orientation and other necessary information are 
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recorded in a record sheet. Some of the features for 
each discontinuity recorded are; 

 Distance along the scanline to the point at 
which the fracture intersects the scanline 

 Number of endpoint of the fracture observed 
on the face 

 Dip and dip direction of the fracture 
 Planarity of the fracture 
 Trace length of the fracture 
 Remarks 

 
For dimension stone evaluation, scanline mapping is 
inadequate for obtaining sufficient information about 
the investigated area. Thus, window mapping is 
equally carried out. 
 
AutoCAD© 
AutoCAD© is an automatic computer aided design 
software used for generating graphic representation 
of a model. These may be structural or non-structural 
model. AutoCAD© has the capacity for creating a 3D 
model for engineering drawings which can thus be 
incorporated into geomechanical fracture model. 
Required geotechnical data for this model include: 
 The relative position of the outcrop on the 

surface of the earth 
 The spacing of the joints 
 The persistence of the fracture 
 The orientation of the joint sets 

 
Stages involved in creating this model as suggested 
by Saliu (2008) is as described below: 
 Pole plot of the fracture data to classify the 

fractures into sets  
 Determination of Fisher k factor in order to 

know how parallel the joint in a given set are. 
The higher the k factor, the more parallel the 
fractures in a given set. 

 Generate a rectangle with the same surface 
area (to scale) as the outcrop under 
consideration using AutoCAD© and plot the 
strike of each of the fracture as they occurred 
along the scanline using the relationship 
between the dip direction and strike i.e. strike 
(given as dip direction - 900) 

 Individual blocks generated by the intercept 
of the joints are banded together and extruded 
to the required height based on the distance 
between sub-vertical features. 

 From the model created, the surface area and 
the volume of each block is estimated to give 
the distribution of the blocks within the 
required outcrop. 

 
RESULT AND DISCUSSION 
The scanline and window mapping for the study area 
were carried out in two faces. Face 1 is facing 
northward and Face 2 is facing westward. The 
average clinometer reading for fractures in the 
Northern direction indicates a dip of 850and dip 

direction of 3460 and that of the Western direction 
indicates a dip of 810 and dip direction of 2650. The 
strikes were calculated by subtracting 90 from the dip 
direction. 
 
Fractures mapped are those significant. There are 
some fractures designated ‘unmapped fractures’ 
whose dimensions are not enough to adversely affect 
the in-situ block size distribution of the granite 
formation. A bedding plane was observed at 2.65m 
above the ground position from were readings were 
taken. 
 
Block Size Distribution 
Total blocks found in the study area are 338. 
Individual area of each blocks were calculated, taking 
into consideration the three dimensions of each block 
with the calculated area of each blocks placed in 
ranges of 0.01-1.50m2, 1.51-4.00m2, 4.01-8.00m2, 
8.01-12.00m2,12.01-16.00m2, 16.01-24.00m2 and 
24.01-32.00m2 respectively. Figure1 is a histogram 
chart showing the relationship between the ranges of 
the areas and the number of blocks within each range. 
The total area of the mapped region is 2358.15m2, 
the average area being 6.97m2. AutoCAD© 
computer software was used to develop the block size 
distribution, making it easy to calculate accurately the 
area of the mapped region. Figure 2 shows the result 
of the AutoCAD© drawing of the block size 
distribution. In order to properly define each block, 
different colours are use to identify each of the 
blocks.  
 
DISCUSSION 
From established knowledge, explosives usually 
create fracture under force and at high pressure at 
initial instant of detonation. These create media for 
subsequent fracture propagation of explosive leading 
to the splitting or detaching of rock materials from 
the host rock formation. From the result of the 
fracture characterization as above, it was observed 
that the fracture pattern varies within this same 
outcrop. From this result it can be observed that the 
abundant fly rock from the primary blasting will be 
experience mainly from those regions with closed 
fractures, which is having blocks with smaller surface 
area, since more energy than required are charged in 
the holes . This observation agreed Bieniawski (1989) 
who stated that the bigger the block size the more 
competent the rock is.  Hence, it becomes reasonable 
that explosive usage in such region where parallel 
fractures are closely spaced be minimized for 
efficient and effective blasting operation. Such 
scenario is applicable in the case study. It can be seen 
that many of the fracture are closely spaced. Use of 
high explosives in this region is unnecessary. The 
current cost of a single charged hole is put at two 
hundred and fifty thousand (250,000) naira. The 
result indicates that if the same quantity of charges is 
set in all drilled holes, it will amount to waste. Hence, 
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the need to reduce charges where necessary thereby 
cutting cost. Figure 3 shows a recommended 
percentage usage of explosives based on the current 
high charge in use at the quarry. Where the average 
surface area of in- situ block sizes ranges from 0.01-
1.50m2, 50% of the current high charge is 
recommended, from 1.51-4.00m2, 60% is 
recommended, from 4.01-8.00m2, 80% is 
recommended, from 8.00m2and above, 100% of the 
current charge is retained. This discovery does not 
alter the existing drilling parameter currently in use at 
the quarry.  
 
CONCLUSION  
Like most granite formation, the formation on which 
Johnson Construction Company, Akure, currently 
carries out quarrying has so many fracture signatures. 
Based on research findings, these fractures affect the 
effectiveness and efficiency of blasting operations. 
Application of the knowledge of fracture 
characterization can provide adequate information for 
blasting engineers in their blasting program. The 
characterization of the fractures in the study area by 
the application of the estimation of block size 
distribution and the result generated with the use of 
AutoCAD© computer software means that blast 
engineers can easily determine the effective way to 
blast their formation without compromising 
engineering standard and at the same time, cutting 
cost. The use of AutoCAD© makes the job easier as 
the software is easily accessible and the result 
generated is in visual form which can be analyzed 
easily. The major requirement for this procedure is 
proper determination of natural fracture by careful 
observation, accurate measurement of the dip 
direction, strike and joint spacing of the formation 
under study and careful use of the AutoCAD© 
software in analyzing the results and generating the 
block size distribution of the formation. The result 
generated can also serve as a tool for measuring the 
capability of the granite formation to effectively 
produce dimension stone. 
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APPENDIX 

 
Figure 1:Histogram of range of areas of individual 
blocks and the rate of occurrence 
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Figure 3:   Histogram showing blocks range and 
recommended percentage of explosive usage 

Figure 2: In-situ Block size distribution of Johnson 
Constructions’ Quarry, Akure 


