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This paper is an attempt to find the energy required for the comminution of fault zone rocks and also to determine the 
energy required to grind ore from infinite size to the desired particle size in non-traditional approach, for various value 
additions. The results in the present investigations also confirm about the brittleness test and friability tests, whose values 
depend on the drop weight and its height for different types of fault zone rock. Also the results of its brittleness tests 
determine the grindability of fault zone rocks. All the outcome results are then secured with the help of decentralized and 
immutable record-keeping system using Blockchain technology. The Blockchain network in the present investigations not 
only allows any users to enhance the performance but also it will secure the experimental outcomes in immutable distributed 
ledgers through smart contracts to increase transparency between users in a trusted manner.  
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Introduction 
Geological history of Odisha dates back to more 

than 3000 million years ago in Precambrian. The 
southern portion of the state is covered with the rocks 
of the Eastern Ghats mobile belt. It comprises mainly 
granitic suites, Charnokite, Khondalite, etc. 
Epirogenic movements are marked during the 
quaternary period, which led to the upliftment of the 
continental crust and sedimentation under arid and 
humid climatic conditions resulting in the formation 
of laterite older delta and newer delta. Laterites of 
both high and low levels occur extensively in the 
state, generally as capping over the older formations. 
The lithologic assemblage is characterized by the 
cyclic sedimentation of sand and gravel with 
subordinate clay. Alluvium of recent age occurs in 
numerous but with narrow disconnected pockets 
adjoining and it occurs most of the river stream 
courses throughout the state.1 

The Eastern Ghats of coastal Odisha contains 
Khondalite rocks. These rocks at some places get 
weathered and re-deposited as lateriferrous bauxite 
deposits. During this process, some patches of kaolin 
clay or lithomarge are formed due to the chemical 

weathering process. Such rocks are not useful for the 
recovery of alumina, and hence such rocks are being 
excavated along with the bauxite and thrown as waste 
rocks, but these rocks are very useful for value 
addition after suitable processing. Interestingly it is 
observed such rock formations along the fault zone in 
Khurda Dist., of Odisha. Quarrying of laterite stones 
along the Sundarpada-Jatni road and Patrapada-Jatni 
road, Khurda Dist., is very common for boundary wall 
constructions and low-cost temporary houses. Rock 
quarry along the fault zones are being used for the 
basement of roads in rural areas. At present, some of 
the quarries are abandoned and water-filled and are 
posing a threat to animals and civilians. In geology, a 
fault is a planar fracture or discontinuity in a volume 
of rock across which there has been significant 
displacement along with the fractures as a result of 
earth movement.1,2 

The two sides of a non-vertical fault are known as 
the hanging wall and footwall. By definition, the 
hanging wall occurs above the fault plane where as 
the footwall occurs below the fault.2 This terminology 
came from mining, the miner stood when working a 
tabular ore body, with the footwall under his feet as 
well as with the hanging wall hanging above him.2,3 
The present paper deals with one of the operating rock 
quarry Sundarpada -Jatni Road of Khorda district, 
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Odhisa state, India. The present rock quarry is along 
the fault zone. Interestingly the foot wall containing 
partially weathered laterite-khondalite-lithomerge 
rocks (soft rock) and the other side the hang wall 
contain partially weathered laterite-feldspatheic-
quartzite rocks (hard rock). The lithomarge rocks are 
found in a discontinuity in the lithology. These rocks 
are being used for road basements in rural areas. 
Since this fault zone contains a huge amount of 
lithomarge and bauxitic clay, it is a potential resource 
for high value added filler industries after physical 
mineral processing methods. 

In view of the above, different types of rocks were 
collected along the fault zone in the present 
investigation. The present paper deals with the 
comminution characteristics of these rocks using 
different comminution unit operations and determines 
the energy consumption for a grinding rock suitable to 
industry applications. The literature review reveals 
that many researchers attempted to determine the 
work index values for different ore types or rocks and 
their correlation with other methods of grindability, 
especially the brittleness tests or friability values.4–8 It 
was also desired to develop a decentralized and 
transparent platform based record-keeping system to 
record each test finding in a decentralized, immutable 
platform using smart contracts of Blockchain.9,10 

According to the pre-defined endorsement policies, 
the endorsement peers verify and approve the 
transaction's validity. In the used Hyperledger 
Blockchain environment, a new block was added to 
the shared distributed ledger chain. This chain is 
tamper-proof and identical throughout the network. 
This technology ensures the correctness of every test 
and stores findings in the distributed ledger of the 
decentralized system to avoid a single point of 
failure.10 Due to the decentralized nature of the 
Blockchain network, any registered user can store 
their findings from any location via the Internet. As a 
result, experimental transparency improves the 
legitimacy and trustworthiness of the specific rock 
experimental community and industries around the 

world. On the other hand, smart contracts are 
automatically invoked and executed when an event is 
triggered based on users' queries, i.e., store and retrieve.  

Yarall and his colleague Soyer had investigated 
about the mechanical rock properties and brittleness 
which described about the rock resistance 
measurement to crush because of impact of repeated 
and random weight drop.11 Many researchers found 
the relationship among the brittleness, friability value 
and the various performance parameters of rock 
properties in literature,12–15 but in this present paper, 
attempts were made to investigate the work index 
value of different types of rocks such as (a) hard rock 
sample, (b) medium hard rock sample, and (c) soft 
rock sample by using different methods of work index 
to determine the energy requirement for grinding of 
rock material and its brittleness, friability properties 
for industrial applications. 
 
Materials and Methods 
 

Raw Materials  
A typical operating quarry along the fault zone can 

be seen in Fig. 1. Typical rock samples collected as 
raw materials along the fault zone can also be seen in 
Fig. 2, and in this present investigation, these raw 
materials samples are categorized as (a) hard rock 
sample (b) medium hard rock sample and (c) soft rock 
sample. The collected gravel size samples were 
screened at 5 mm and 3 mm. 

These samples were used for brittleness tests. 
About 50 Kg samples were collected separately from 

 
 

Fig. 2 — Geomorphic features of different types of rocks [Circle -sample location] 

 
 
Fig. 1 — Operating rock quarry at fault zone along Sundarpada-
Jatni Road, Bhubaneswar 
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each rock type for Bond work index tests. The details 
of these experiments were discussed in the next 
sections for the Bond work index procedure. 
 
Brittleness Tests 

The experimental setup for the brittleness tests of 
all the selected three variety samples collected from 
the fault zone separately for measuring the friability 
value (S1) as it is shown in Fig. 3. All the samples 
were passed through at 3 mm and 5 mm screening 
size. The selected rock sample passing through 5 mm 
and retained on 3 mm i.e. −5+3 mm size fraction was 
investigated for fine crushing in order to measure 
their brittleness tests. Due to this reason, a special 
type of equipment has been designed, as shown in 
Fig. 3, for testing the rock strength characteristics. 
The weight dropped was half a kilogram from the 
variable heights of 0.8, 1.0, and 1.2 m respectively. 
The drop weight tests of a minimum three parallel 
tests were then studied thoroughly in order to measure 
the friability values with their average values. The 
friability (S1) is calculated as given below: 

𝐹
     

 
  100      …(1)  

Thus the friability value S1 defines about the 
undersized material percentage that entirely passes 
through the 3 mm size after grinding. At each fall, the 
calculation of energy for drop weight is evaluated as 
shown in Eq. (2)  

𝐸 𝑚  𝑔 ℎ                    …(2) 

Here E shows the Energy of each fall in Joules for 
weight drop mass (m in Kg); h denotes height (in m) 
from where the falls on the sample where as symbol g 
denotes gravitational force in m/sec2. 
 
Bond’s Work Index 

The samples were prepared separately with stage 
grinding process so as to pass for 6 mesh sieve. The 

weight of a 700 cc sample was placed in the mill. The 
sample grinding was investigated in a standard ball 
mill 300 mm × 300 mm size, as shown in Fig. 4. The 
steel balls weighing 20.125 Kgs were used for 
grinding ball mill. The size of steel balls and their 
numbers used in grinding mill are shown in Table 1. 

The weight of the material of the 700 cc volume 
sample with the balls was charged to the grinding mill 
and then crushed initially at a frequency of 100 
revolutions per cycle. These crushed samples were 
passed through the test sieve, and the undersize 
samples were weighed and fresh unsegregated feeds 
were added to the oversize to bring its weight back to 
that of the original charge. The number of revolutions 
required was calculated from the results of the 
previous period to produce sieve undersize equal to 1/ 
3.5 of the total charge in the mill. The crushing period 
cycles were investigated, till the total grams of sieve 
undersize produce per mill revolutions reached steady 
state. Then the undersize product and circulating load 
were categorically analyzed, and the last three net 
grams per revolution (Gbp) produced the ball mill 
grindability. The test mesh used was 150 microns. 
The Bond Work index Wi was evaluated from the 
following equation 

𝑊 44.5 𝑃  .  10 𝐺𝑏𝑝 .   𝑃 .  𝐹 .   

… (3) 

Here, all the sizes of the samples are defined in 
microns; F80 shows the size at which the new feed to 
ball mill passes by 80%; P80 provides the size at 
which sieve undersize product passes by 80% at the 
last cycle where as P1 defines about the opening of the 
tested sieve size 
 

Table 1 — Specifications of number of balls used and their sizes 
No. of balls 43 67 10 71 94 
Size (mm) 36.83 29.72 25.4 19.05 15.94 

 

 
 

Fig. 4 —Experimental set up for Bond work index tests 
 

 
 

Fig. 3 — Drop weight tests experimental set up 
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Blockchain Network and Smart Contracts 

Blockchain is a distributed database that allows 
users to make, record, and verify any form of 
transaction safely and transparently.10,11 It provides 
the necessity of centralized control as all the 
transactions are decentralized and verified in the 
distributed ledger by the Blockchain database itself. 
Data in a block cannot be changed after it has been 
recorded. A Blockchain architecture were designed as 
shown in Fig. 5 for storing the rocks experimental 
findings with the record in form of distributed ledgers. 
Such architecture includes a Blockchain network with 
multiple peers (P). This network not only connects the 
users from all over the world on a single trusted but 
also provides the transparent platform for specific 
rock-based discoveries. It contains the Blockchain 
Application Interface (API) from which the users can 
request to store and view records in the Blockchain 
network. The API triggered smart contracts 
specifically developed for storing and retrieving 
experimental records in the Hyperledger Fabric 
Blockchain platform, which helps to add the records 
to the distributed ledgers.  

Initially, five structures were defined in Table 2, to 
collect the required information for creating a 
particular instance record. The first ‘property’ 

structure was used to initialize the properties of rock, 
e.g., nature, colour, gravity, density, and passing size. 
The second ‘Rock Descriptions’ structure was defined 
to store information about the type and properties of 
rocks. Then the next i.e. third structure, ‘Sample 
Details’ was used to collect the sample details. The 
fourth structure 'Power' was used to store calculated 
power in two units. The final structure was used to 
generate the ‘Record' with the key RID and it includes 
necessary and required information such as rock 
description, rock sample details, drop weight height, 
friability, calculated power, bond work index, and 
remarks. The final records were preserved in a 
Blockchain with the key RID. 

The record is created and written on the 
decentralized platform using Smart Contract, as 
described in Algorithm 1. It receives the stub and a list 
of arguments as input and returns a corresponding 
response. This contract first validates the number of 
input arguments required. The ‘recordId' was then 
initialized based on the input arguments. To avoid 
record redundancy, it returns the error when the record 
already exists in the blockchain network. Otherwise, it 
initializes all structure variables using the input 
arguments. It then marshals the record and stores it in 
the block corresponding to the record ID by calling the 

 
 

Fig . 5 — Blockchain network architecture for storing rocks tests results 
 

Table 2 — List of Structures 
Rock properties with 
Initialization 

Rock 
Descriptions 

Sample Details Power  Record 

String with Nature, 
Colour, Gravity,  
Density, Passing Size 

Rock Type; 
Properties 

Number of Balls 
Strings; Size  
String 

Joule; kWh  
per ton 

RID String; Rock Description; Sample Detail; Drop 
weight Height string; Friability; Index; Power 
Calculation; Remarks; Output 
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Put State function. Finally, a successful response with 
the message "record has been stored" is returned.  

Algorithm 2 is a smart contract that describes how 
to retrieve a stored record from a decentralized 
blockchain platform. This contract receives stub and 
arguments as input and returns the retrieved record 
from blockchain corresponding to the input record 
identity ‘recordId'. First, it invokes the Get State 
method of the blockchain's world state database to 
retrieve stored information as a Bytes form 
(recordAsBytes) if information exists; otherwise, it 
failed to get state and written an error response. Then 
the record variable is created to stores the unmarshal 
information of record As Bytes. Finally, it returns a 
successful response, including retrieved information. 
 

Algorithm 1 — Created record on decentralized 
platform 

 
 

Algorithm 2 — Retrieved stored record from 
decentralized platform 

 
 

Blockchain is now a leading technology in 
practically for every industry. As a result, one has to 
adapt such technology in a novel way to create a 
unique research platform. The proposed blockchain 
record-keeping architecture connects together all of 
the rock experimental communities and industries 
from the world to contribute towards the research 
community in a transparent manner. This single 
platform allows people all around the world to 
contribute their observations and insights. 
 
Results and Discussion 
 

Physical characteristics of rocks 

The physical properties of different rocks are given 
in Table 3. All the samples show the similar physical 
characteristics. The bulk density of the samples 
usually varies from 1.1 to 1.4 g/cc where as its true 
densities vary from 2.88 to 2.9 g/cc. However, these 
samples exhibit closely differs in nature and colour. 
The hard rock is compact and un-weathered, and the 
surface is coated with greenish mass colour. The 
medium hard rock is moderately brittle and partially 
weathered with greyish and ferruginous colours. The 
soft rock is brittle to soft, highly weathered, and looks 
like white talcum powder colour with variable colour 
shades of pinkish to ferruginous colours. 
 
Brittleness test 

Typical samples of medium hard rock sample used 
for brittleness samples are shown in Fig. 6. However, 
brittleness for different types of fault zone rocks 
samples in any geological location determines about 
its friability values, 4,5,11 which are shown in Fig. 7 
and Fig. 8. Typical size analysis data on drop weight 
tests for medium hard rock type is shown in Fig. 7, 
and drop weight height on friability values shown in 
Fig.  8   indicates   that  with  increasing  drop  weight  
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height, the percentage of fines is increasing along side 
of the friability values. 

The friability value S1 provides the information 
about the undersized material percentage, which 
passes and crosses through 3 mm size after crushing 
on the base mortar with one weight drop. The average 
value for a minimum of five to six tests is chosen for 
finding the value of rock sample S1. The weight 
dropped is 0.5 Kg. So, the energy at each fall is  
0.5 Kg × 0.8m × 9.81 m/sec2 = 3.9204 J (as per Eq. 1). 
S1 is the broken weight passes 3mm (gm.)/sample 
weight (500 gm.) in percentage. The S1 value for 
medium hard rock is found to be 97.2%. These values 
for all types of rocks and drop weight heights are 
given in Tables 4 and 5.  

It is further observed at 1 m height drop weight, the 
percentage of −3 mm particles produced is 98% by 
weight, whereas at 1.2 m drop weight height,  
the percentage of −3 mm particles produced is  
99.9% by weight. Accordingly power calculated in 
joules or in kWh/t for different drop weights of 0.8, 
1.0 and 1.2 m heights are 3.9204 J [14.11 kWh/t], 
4.9005 J [17.66 kWh/t] and 5.8806 J [21.17 kWh/t] 
respectively. This data can also be seen clearly from 
Fig. 9, where the drop weight height vs. energy 
requirement for brittleness characteristics of rock has 
been presented. The data clearly indicate that with 
increasing drop weight height, the energy required to 
crush the material is also increasing.19 The effect of 
drop weight height [0.8m] on breakage properties of 

Table 3 — Physical and chemical properties of different types of rocks 
Properties Hard rock Medium hard rock Soft rock 
Nature Hard compact, unweathered Moderately brittle, partially weathered Brittle to soft, highly weathered 
Colour Surface with greenish mass colour Greyish and ferruginous White talcum powder colour with 

pinkish to ferruginous 
Specific gravity 2.9 2.89 2.88 
Bulk density, g/cc 1.4 1.3 1.1 
d80, passing size  
µm [crushed] 

2000 1700 1000 

 

 
 

Fig. 6 —Typical medium hard rock for drop weight tests 
 

 
 

Fig. 7 — Drop weight [0.5 Kg] effect on medium hard rock sample 
 

 
 

Fig. 8 — The relationship between (S1) and (Wi) 

Table 4 — Effect of drop weight height on breakage properties of 
medium hard rock 

Drop weight 
height (m) 

Friability  
value (%) 

Power  
calculated (J) 

Power calculated 
kWh/t 

0.8 97.2 3.9204 14.11 
1.0 98.0 4.9005 17.66 
1.2 99.9 5.8806 21.17 

 

Table 5 — Drop weight height [0.8m] effect on breakage 
properties of different types of rocks 

Type of Rock Power calculated (kWh/t) 
Hard  13.32 
Medium hard  14.11 
Soft  15.90 
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different types of rocks is given in Table 5. The data 
given in Table 5 indicate that the hard rock requires 
13.32 kWh/t, the medium hard rock requires 14.11 
kWh/t and the soft rock requires 15.90 kWh/t. Thus it 
can be concluded from this data that for any given 
drop weight height, the breakage properties of rock 
depend on the hardness. The softer rock requires more 
energy than the hard rock. 
 
Bond’s Work index test 

Bond Work index values, kWh/t for different types 
of rocks, determined as per the Bond, are given in 
Table 6. It is observed that the work index values, 
kWh/t is depending on the hardness of the rock. The 
softer rock needs more energy than the hard rock. In 
the present investigation, the work index value 
obtained for hard rock is 12.1 kWh/t. The work index 
value obtained for medium hard rock is 13.3 kWh/t 
where as for soft rock, the work index value obtained 
is or 14.6 kWh/t. The work index values obtained as 
per the Bond for different types of rocks indicate  
that the softer rock needs more energy to grind  
the material for industrial applications. In the 
comminution process, relatively, the soft rock makes 
the cushioning effect either in the crushing circuit or 
in the grinding mills, by which the grinding 
performance will be affected. 
 

Relationship of Work index (Wi) and friability value (S1) 
The relationship between friability value (S1) and 

Bond work index value (Wi)9–11 is shown in Fig 8. 
The values shown in Fig. 9 indicate that the friability 
value varies inversely related with the Bond’s Index 
value. It is known that the Bond grindability test is 
used widely in rolling mill and tumbling ball mill in 
material and mineral processing industries.12–15 Also it 
provides constant grindability factor with longer life 
period. For this reason, it is essential to determine a 

grindability value of materials alternatively with a 
simple test apparatus that gives quick results. The 
correlation found between the friability value (S1)  
and Bond’s work index (Wi), as shown in Fig. 8, were 
R2 = 0.9574; y = −0.8821x − 73.441 and where as 
correlation found between the Bond’s work index 
(Wi) and power required with drop weight method as 
shown in Fig. 9 were R2 = 0.9617; y = 0.9276 x − 
0.0636. 

Thus it was concluded that the Bond’s grindability 
determination method were time consuming and 
provides constant material grindability value even 
after many grinding periods.15–17 The brittleness test 
provides the faster and better process, hence its 
friability value was obtained in much lesser time. 
Smaller grains were relatively crushed and ground in 
brittleness tests, whereas in Bond’s index tests, it 
involves of grinding from coarse to fine grain 
samples. It may be again noted that the brittleness test 
was performed on compact and simple testing 
equipment. Due to this reason, work index results 
might not be very close to the brittleness test results. 
However, brittleness values could be used for relative 
comparisons with work index values. Thus the 
grindability of fault zone rocks could also be 
performed by the simple brittleness tests.18–19  
 
Performance metrics of smart contracts 

The Blockchain implementation work was 
validated by using Hyperledger Caliper Benchmark 
testing to ensure that the deployed Smart Contracts 
(SC) perform as expected. The transaction latencies, 
success and failure rates which were achieved 
throughput in terms of transactions per second (tps), 
in order to evaluate the performance of both smart 
contracts. Two modules were successfully tested with 
100 and 200 transactions with 50 and 100 transactions 
per second respectively with the Blockchain platform. 
The ‘Insert Record' contract stores the record in the 
Blockchain, while the ‘View Record' contract 
retrieves the stored record from the Blockchain. The 
screenshot of the caliper benchmark performance 
metric of deployed smart contracts is shown in  
Table. 7. It was observed that both contracts run 
successfully for 100 and 200 transactions, 
respectively, with no failures or timeouts. The rate 
control type was set to a fixed rate with 50 tps and 
100 tps in the configuration. As a result, the sending 
rate was around 50 for the first two rounds of contacts 
and around 100 for the next two rounds. Besides, the 
contact's latencies are measured in seconds; however, 

 
 

Fig. 9 — Bond’s work index for different types of rocks 
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the record creation contact requires a few extra 
seconds due to additional operations such as 
information collection and marshaling. It is because 
of throughput is affected by latency, the throughput 
for record insertion is around 4 tps. The viewing 
record throughputs, on the other hand, are nearly 
equal to the sending rate. According to the 
performance, the retrieving modules are faster than 
the writing modules. 
 
Conclusions 

The present paper provides the comminution 
characteristics of fault zone rocks and secure 
experimental outcomes for industrial applications 
across the decentralized environment using 
Blockchain technology. The results with Blockchain 
architecture provide specific rock experimental 
comminution characteristics in a single platform to 
share their findings and expand their network to 
contribute transparently. The results were drawn  
from Brittleness tests and Bond’s work index values 
for different typical fault zone rock samples such as 
hard rock, medium hard rock, and soft rock samples 
based on their physical properties, work index, 
friability and their brittleness properties. It has been 
observed that the physical properties of different 
rocks are almost similar. However, these samples 
exhibit closely differs in nature and colour. The drop 
weight tests for medium hard rock type reveal that  
the percentage of fines as well as the friability values 
is increasing with drop weight height. It is also 
observed that for any given drop weight height, the 
breakage properties of rock depending on the 
hardness. The softer rock requires more energy than 

the hard rock. There is a correlation between Bond’s 
work index and the value of friability (S1),  
which varies proportionally. Similarly, power 
required also varies proportionally with Bond’s work 
index. The Work index values could be one of the 
relative tests for the brittleness properties. The 
grindability of fault zone rocks was determined with 
simple brittleness tests. 

Thus, the drop weight tests can be considered for 
determination of energy requirement, which is as 
compared to the traditional Bond work index. Such 
fault zone rock defect investigations can be very 
much useful in Red Mud, Red Sediment topography, 
E-waste technology etc for recovering valuable 
elements and compounds from various materials and 
mineral processing, which will be future scope of 
studies in above mentioned area.  
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