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Abstract 
Rock crushing plants cannot afford unforeseen breakdowns with the current boom
in the construction sector. This paper discusses measures that can be used to
predict wear on chutes in the plant so that predictive maintenance can be
implemented. Some of the chutes used to transfer the materials are difficult to
access. Failures of the chutes cause downtimes, which are untimely and costly. The
objective of this research is to determine the wear rates of chutes. A chute system
was designed, modelled and validated using the Solidworks® software and then
imported into the EDEM® software to predict the failure of the chutes. Factors
affecting the abrasion wear of the metal were determined and used as input
parameters to perform a simulation on EDEM® to validate the wear recorded. The 
service life obtained for mild steel S275 was 731 hours and that of abrasion 
resistant steel Hardox® 400 was 1490 hours, and it was deduced that the 
difference in the value of hardness of the metals to that of the rocks they carry 
significantly affects the wear of the chutes. The software was also used to replicate
the flow of boulders on chutes and an accelerated flow rate of 496 tons per hour
(t/h) was achieved at an angle of elevation of 24.4°. 

 
1. Introduction 

Transportation of materials during the rock 
crushing process is performed by conveyors and 
chutes. The major issue with chutes is the 
occurrence of wear often leading to major 
breakdowns [1]. Moreover, the flow rate of 
material through chutes is not always optimal. 
Common chute geometries are "U-shaped" or 
"ducted" types [2]. Depending on the nature of the 
bulk material being transferred, the chute material 
is selected. However, the most common type of 
chute material is mild steel or stainless steel. In 
chute manufacturing, the thickness of the plate is 
chosen based on the type of bulk material, the 
amount of material required to flow, structural 
stability and also the allowable limit of wear (when 
no lining materials are to be used). 

Two categories of flows occur on chutes 
namely: slow flow and fast flow. Slow flow of bulk 
material takes place when the material is 

transferred with a constant depth (H) and at a 
constant velocity, as shown in Figure 1a. Fast flow 
occurs when the material accelerates down the 
chute. In this case, the height of the bed decreases 
along the length of the chute as illustrated in 
Figure 1b [3]. 

 
Figure 1. Categories of flows occur on chutes: 

(a) slow flow and (b) fast flow 

In the case of fast flow, if the length of the chute 
is long enough, the material may flow with terminal 
velocity when steady state flow can be achieved 
[4]. With sufficient exposure time, with the flow of 
bulk material, two types of wear occur on chutes, 
namely: impact abrasion wear and abrasion wear 
(sliding wear) [5,6]. At locations where the material 
is discharged onto the chutes, the surface is 
exposed to impact abrasion wear, which occurs 
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when the relative motion of the flowing particle is 
almost normal to the surface, as shown in Figure 
2a. Sliding abrasion wear occurs when the relative 
motion of the flowing particles is almost parallel to 
the chutes' surface, as shown in Figure 2b [7]. 

 
Figure 2. Types of wear occur on chutes: (a) impact 

wear and (b) sliding wear 

The rate at which chute surfaces are abraded is 
heavily dependent on several factors [8]. 
Understanding the effect of these factors is 
primordial for developing a strategy to predict the 
wear rate as well as the service life of chute 
materials. The development of strategies capable of 
predicting the wear rate and the service life of chute 
material will reduce unpredictable breakdowns of 
plants. Moreover, the cost associated with 
unscheduled maintenance will be saved and an 
appropriate selection of lining material can be done 
which will ensure the longevity of the system. 

The abrasive wear of material subjected to the 
flow of the different types of bulk material under 
both "slow" and "fast" flow conditions on chutes 
can be determined using Equation (1) [9]. 

 
 

3
L

10= MW
Aρ
⋅ , (1) 

where WL is the linear wear (μm), M is the mass 
loss (g), A is the contact surface area (m2) and ρ is 
the density (kg/m3). 

However, with the emancipation of technology, 
the discrete element method (DEM) has become a 
reliable and powerful tool to study and predict the 
flow of particles. This methodology is being widely 
used in research related to bulk handling processes. 
It has become possible to optimise the design of 
equipment, such as conveyors, chutes and vibrating 
screens by DEM [10]. The advantages of this method 
are that it provides accurate and time-saving results. 
Moreover, no human intervention is required which 
makes it a safer process. A software, which is 
extensively used is EDEM®, which is designed to 
build a computational model to resolve issues in bulk 
handling processes. A set of DEM parameter values 
are determined and input to the software to 
replicate actual conditions which can thereafter be 

used to predict wear in bulk solids handling [11,12]. 
DEM parameters are usually classified into four 
categories namely: particle, geometry, contact and 
simulation parameter. Some values are determined 
through laboratory experiments [13], while others 
are through research [14-17]. 

This paper presents a study on the predictability 
of wear of chutes at a rock crushing plant in 
Mauritius. Timely maintenance of chutes will 
reduce major breakdowns, which leads to 
unscheduled maintenance, especially on difficult-
to-access parts of the conveyors. The study also 
considers the redesign of chutes to optimise the 
flow rate of boulders. At the factory, chutes are 
manufactured locally and the material commonly 
used for manufacturing the chutes is mild steel due 
to its relatively cheap price, availability and good 
machinability and weldability. The company 
protects its chute with Hardox® 400 (HX 400), 
which are abrasion resistant steel plates with a 
partial chemical composition shown in Table 1. 
These plates are used to reduce the wear rate and 
are bolted to the mild steel S275 (EN 10025) chutes 
surface. Some basic mechanical properties of these 
two types of metal plates are compared in Table 2. 

Table 1. Chemical composition of HX 400 [18] 

Element C Si Mn Cr Ni Mo 
wt. % 0.32 0.70 1.60 2.50 1.50 0.60 

 
Table 2. Mechanical properties of S275 and HX 400 
[18,19] 

Property S275 HX 400 
Yield strength, MPa 275 1000 
Tensile strength, MPa 410 1250 

 
Moreover, the hardness of HX 400 plates is 

approximately 2.5 times more than that of S275 
(mild steel). Even with HX 400 plates attached to 
the chutes, it has been observed that the wear 
rates of these plates are relatively high which often 
leads to frequent breakdowns. Furthermore, the 
flow rate of bulk material on one specific chute 
towards crushing equipment is observed to be 
unsatisfactory. This makes the performance of the 
crushing equipment less efficient as it has been 
designed to sustain a much higher flow rate of 
material, which was not achieved in practice within 
normal operating hours. There cost associated with 
unexpected breakdowns causing unscheduled 
intervention or maintenance due to wear on chutes 
and lower production is significant prompting the 

(a) (b)
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company to seek practical solutions. Hence, it has 
become important to perform an investigation on 
this matter to reduce these non-value-added costs. 

The trial and error approach is not an effective 
solution and the research team proposed a 
simulation of the system to determine a feasible 
solution that can be used to shorten the redesign 
time. The model requires validation first and data 
on the current system have to be collected and 
analysed. Laboratory experiments were performed 
to determine the values of the main factors 
affecting the abrasion wear of the metal. The chute 
system was then modelled on Solidworks® software 
and then imported on the EDEM® for simulations. 
 
2. Methodology 
 
2.1 Wear rate of material by experimentation 

To achieve the aim of the study related to the 
occurrence of wear on chutes, the chute material, 
mild steel and its lining material HX 400 were 
utilised to perform an investigation. Their wear 
behaviour on chutes was studied to predict their 
service life, which would be useful information to 
reduce breakdowns. Hence, one specific chute 
where the highest wear was observed was 
selected. That chute is referred to as HP 300 No. 1. 
The chute usually transports basalt rocks of size 
ranging between 31 to 50 mm in diameter. 

The number of metal samples was chosen so 
both types of wear could be investigated. To study 
the effect of both, sliding and impact wear of 
metals on chutes the samples were placed at two 
different positions on the chute and subjected to 
the same flow rate over the same period. A mild 
steel sample was next to an HX 400 one at each 
position covering the whole width of the chute to 
ensure continuous flow without any obstacles. 
Thus, a total of 4 samples: two made of mild steel 
and two of HX 400 were needed. The mass of each 
sample was recorded before welding them in the 
configuration shown in Figure 3. 

The metal samples were then exposed to the 
flow of the bulk material for 32 days, after which 
the samples were retrieved. The weld slags were 
then removed by gently hammering with a chipping 
hammer to avoid altering the mass of the samples. 
Their final masses were measured using a balance, 
with a precision of 0.001 kg. The wear was 
measured in terms of the mass loss and converted 
into average linear wear of the samples using 
Equation (1) with the value of density of metals 
obtained from the manufacturer's specification. 

 
Figure 3. Arrangement of samples on chutes 

 
2.2 Mass flow rate 

The mass flow rate was determined by 
reviewing data collected from the crushing plant. 
The plant usually operates from 07:00 to 19:00. 
However, some assumptions were made to 
calculate an average mass flow rate per day which 
are as follows: the values set by the operator were 
similar for each day; the value to which the mass 
flow rate was set was the same at which the bulk 
material flows with on the chute. 

A systematic sampling technique was used by 
reviewing the flow rate set each hour. The values 
reviewed from the data logger are given in Table 3. 
The calculated average mass flow rate was 403.33 
t/h, i.e. 112.04 kg/s. 

Table 3. Mass flow rates collected from the factory 

Time of operating Mass flow rate, t/h 
07:00 350 
08:00 380 
09:00 380 
10:00 420 
11:00 420 
12:00 420 
13:00 450 
14:00 450 
15:00 450 
16:00 400 
17:00 400 
18:00 320 

Position 1 

Position 2 
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2.3 Hardness of material and particles 

Chutes' material and particle hardness were 
determined using a portable hardness tester [20]. 
First, the surfaces of each test piece were polished 
using the grinding polishing method to remove any 
oxide layer present and hence, ensure a flat 
surface. Figure 4 shows the hardness test pieces 
ready to be tested. 

 

 
Figure 4. Hardness test samples 

Before performing the tests, the apparatus was 
calibrated using the standard test block provided by 
the manufacturer. This ensured that the apparatus 
is fully functional. The hardness of the samples and 
basalt rock were then measured. Rock samples 
were readily available at the factory's laboratory. 
 
2.4 Abrasion resistance 

The abrasion resistance was determined by the 
Los Angeles abrasion test as shown in Figures 5 
and 6, in accordance with the ASTM C131 standard 
[21]. The sample to carry out the test was 
prepared as follows. A sieve with an aperture size 
of 31.5 mm was used to eliminate undersized 
particles and a 50 mm size to remove oversized 
particles. Hence, particle sizes in the range of 31.5 
mm to 50 mm were obtained as a sample. The 
sample was washed and oven-dried at 105 °C to 
substantially constant mass. The mass of the 
sample was measured using a sensitive electronic 
balance and recorded to the nearest 1 g (m1), as 
shown in Figure 5. 

The sample and steel spheres were placed in 
the Los Angeles testing machine as illustrated in 
Figure 6 and the machine was rotated at a speed of 
33 rpm for 1000 revolutions. After 1000 
revolutions, the material was discharged from the 
machine and a preliminary separation of the 
 

 
Figure 5. Initial weighting of the test sample 

sample was done using a sieve coarser than 1.70 
mm. The finer portion of the material was sieved 
on a 1.70 mm sieve. Material coarser than 1.70 
mm was washed. The material was oven-dried 
again at 105 °C to substantially constant mass and 
weighed to the nearest 1 g again (m3), so the 
percent loss (LA value) is calculated as: 

   ⋅ 
 

1 3

1
LA valu –e = 100m m

m
 %. (2) 

 
Figure 6. Test sample along with steel spheres 

 
2.5 Wear rate of chute materials by simulation 

DEM parameters determined either from 
literature or through experimentation or obtained 
directly from the factory's laboratory were used as 
input parameters on the EDEM® to create and 
replicate a realistic flow of material on chutes. 

A virtual chute with metal samples attached to 
it and rock particles compactly filled with solid 
spheres were created as shown in Figure 7. Some 
of the physical properties used in the simulation 
were determined through experimentation and 
others were obtained from references as discussed 
in section 3.2. 
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Figure 7. Virtual model of the chute and rock particle 

The flow rate issue was related to the flow of 
bigger-sized particles known as boulders. Virtual 
models of these boulders and the chute 
transporting them were created as illustrated in 
Figure 8. The same set of DEM parameters 
representing the actual properties of bodies 
concerned was input to EDEM® to replicate the flow 
of boulders at factory conditions. Recent research 
conducted [22], revealed that the governing 
parameter of the flow rate of material on chutes is 
the angle of inclination, also known as the "chute 
angle". Hence, small increments of 0.2° were made 
to the present value of the chute angle to obtain a 
set of optimum parameters to which the chute 
needs to be redesigned. It should be noted that an 
allowable value of wear rate was set as a limit to 
which the chute angle can be increased. 

 

 
Figure 8. Boulder and chute model 

 
3. Results and analysis 

The results are based on 32 days of exposure of 
the metal samples to the flow of material on the 
chute with a total of 221.36 hours of operation. 

3.1 Linear wear of mild steel and HX 400 plates 

Figures 9 and 10 show the samples initially 
exposed which are compared to the samples 
retrieved after 32 days of exposure at the chute. 

Sample initially exposed Worn sample retrieved 

 
Mild steel sample 1 Mild steel sample 1 

 
Mild steel sample 2 Mild steel sample 2 

Figure 9. Mild steel samples visual comparison 
(arrow indicates the direction of the bulk material 

flow on the sample) 

Sample initially exposed Worn sample retrieved 

 
HX 400 sample 1 HX 400 sample 1 

 
HX 400 sample 2 HX 400 sample 2 

Figure 10. HX 400 samples visual comparison 
(arrow indicates the direction of the bulk material 

flow on the sample) 

The initial reading on the hour meter at the 
factory was recorded before starting the experiment 
and the same reading was recorded after 32 days of 
exposure to the flow of bulk particles. It was 
deduced that the chute was in operation for T = 
221.36 hours, i.e. 796,896 seconds. 

An example of how the wear rate and service 
life for mild steel sample 1 was calculated is 
provided below. The linear wear obtained for the 
sample was 1962 μm. Therefore, the wear rate can 
be determined as follows: 

 L 1962Wear rate = = = 8.86
221.36

 W
T

 μm/h. (3) 

The initial thickness of the sample previously 
measured was 6480 mm. The service life can be 
calculated as follows: 

 ≈6480Service life = 731
8.86

  h. (4) 
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The initial thicknesses of all the samples were 
similar but not exactly equal. Similar calculations of 
the wear rates and the service lives after the 
exposure of the samples on the chute were 
performed for the other samples and compared in 
Table 4. It can be observed from the results that 
mild steel sample 1 was severely worn out 
compared to the HX 400 sample 1 which was placed 
next to it. It was deduced that at position 1, the 
service life of mild steel is more than 3 times shorter 
than that of HX 400. This same trend was witnessed 
at position 2. It was also noticed that for the plate of 
the same material, the one placed at position 1 was 
worn approximately two times faster than the one 
at position 2. For instance, mild steel at position 1 
has a service life of 731 hours and at position 2 it 
was 1490. The main reason for this difference is that 
the samples at position 1 were subjected to both, 
impact abrasion and sliding abrasion wear when 
rocks were discharged directly onto them, whereas 
those at position 2 were subjected only to sliding 
abrasion wear. Moreover, at both positions, the 
wear rate of mild steel was higher than that of HX 
400. This confirms the change in thickness observed 
from the visual inspection. 

Table 4. Service lives of metals samples at the chute 

Sample type Linear 
wear, μm 

Wear rate, 
μm/h 

Service 
life, h 

Mild steel sample 1 1962 8.86 731 
HX 400 sample 1 570 2.57 2400 
Mild steel sample 2 888 4.01 1490 
HX 400 sample 2 316 1.43 4329 

 
A set of 20 values of the hardness of basalt rock 

and metals used as samples was recorded. The 
minimum, maximum and average values recorded 
by the portable hardness tester are shown in Table 
5. Past studies have demonstrated that severe 
wear occurs when the hardness of the surface is 
0.8 times less than the hardness of the abrasive 
and mild wear usually occurs when the hardness of 
the surface is between 0.8 and 1 times the 
hardness of the abrasive [23]. 

Table 5. Hardness of basalt rock and metals used 

Type of surface 
Minimum 
hardness 

HBW 

Maximum 
hardness 

HBW 

Average 
hardness 

HBW 
Basalt rock 502 604 552 
HX 400 378 424 406 
Mild steel 105 232 144 

From Table 5, it can be noticed that the 
average hardness of the basalt is 552 HBW. 
Hence, to observe mild wear, the hardness of the 
metal surface should lie between 441.6 and 552 
HBW. However, for mild steel the average 
hardness recorded was 144 HBW, which is 
significantly lower compared to the minimum 
value of 441.6 HBW, required for mild wear [24]. 
This huge difference in hardness, explains why 
the mild steel sample experienced severe wear at 
both positions. For HX 400 the average hardness 
recorded was 406 HBW. This explains why 
relatively lighter wear was observed as compared 
to the mild steel samples. 

The value of the mass flow rate obtained was 
112.04 kg/s as per data collected in Table 3. 
Moreover, the abrasion resistance of the particles 
was found and is given in Table 6. 

Table 6. Los Angeles abrasion test results 

Initial 
mass, g 

Mass before 
washing, g 

Mass after 
drying, g LA value, %

10,000 8981 8967 10.33 
 
3.2 Modelling the wear issue 

The experimental results of factors such as the 
mass flow rate and LA abrasion test were used as 
direct input to EDEM® whereas the hardness 
measurement of the surface was used to compute 
the wear coefficient and then input to the 
software to obtain the linear wear of the virtual 
samples. Table 7 summarises the inputs to EDEM®. 

Figure 11 shows the use of a mass flow rate 
sensor to monitor and validate the flow along with 
the visual result of wear on each sample, with the 
red colour visually representing the regions on the 
samples with high wear. 

Since the simulation provided satisfactory 
results, the wear data were exported from EDEM®. 
A linear relationship was developed between the 
linear wear and the service life for each sample, 
with the gradient representing the wear rate. An 
example related to mild steel sample 1 is provided 
in Figure 12. 

From Figure 12, the equation of the regression 
line obtained was Y = 2.1588 × 10–6 X – 3.8399 
× 10–7 for mild steel sample 1, where Y is the 
linear wear and X is the time. The gradient of the 
best fit line represents the wear rate of the 
sample in mm per second. For comparison 
purposes with the experimental results, a unit 
conversion was done for the gradient, i.e. 
2.1588 × 10–6 mm/s ≈ 7.77 μm/h. 
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Table 7. Input for simulation* 

DEM parameter Value Source 
Particle properties for basalt rock 

Poisson's ratio 0.3 
Density, kg/m3 1300 
Modulus of elasticity, GPa 79.9 
Mass of rocks, kg 0 – 0.4 
Mass of boulders, kg 0 – 1500 
Size distribution random 

Minimum radius, mm 15.75 

Minimum radius for 
boulders, mm 300 

Maximum radius, mm 25 

Maximum radius for 
boulders, mm 500 

factory 

Resistance to 
fragmentation, % 10.33 experiment

Geometry properties for chute 
Density, kg/m3 7850 
Modulus of elasticity, GPa 210 
Poisson's ratio 0.303 

[25] 

Work function, eV 4.47 [14] 
Hardness of mild steel HBW 144 
Hardness of HX 400 HBW 406 

experiment

Interactions between particle to particle 
Coefficient of restitution 
(normal) 0.500 [15] 

Coefficient of restitution 
(tangential) 0.200 [17] 

Coefficient of static 
friction 0.100 [16] 

Interactions between particle to geometry 
Coefficient of restitution 
(normal) 0.500 

Coefficient of restitution 
(tangential) 0.010 

Coefficient of static 
friction 0.010 

[12] 

Wear constant of mild 
steel × 10–13, Pa–1  3.926 

Wear constant of 
HX400 × 10–13, Pa–1 1.799 

calculated 
[26] 

Particle factory 
Factory type unlimited – 
Target mass, kg/s 112.04 factory 

Table 7. Continued 

DEM parameter Value Source 
Physics for particle to particle 

Contact model Hertz-Mindlin 
(no slip) EDEM® 

Physics for particle to geometry 

Contact model Hertz-Mindlin 
with linear wear EDEM® 

Simulation 
Time step Δt, s 30 % of RTS 
Cell size 2.5 Rmin (10 mm) 

EDEM® 

Total simulation 
time, s 30 based on flow 

animation 

*resistance to fragmentation – Los Angeles abrasion 
test results; particle factory – parameters connected 
with the generation of the particles; target mass – 
average mass flow rate; RTS – Rayleigh time step; 
Rmin – minimum particle radius in the simulation. 
 

 

 
Figure 11. Wear map on samples after 30 s 



K. Gopaul et al. | Tribology and Materials 1 (2022) 128-137 

 135

 
Figure 12. Linear (Archard) wear vs. time graph 

The service life of mild steel sample 1 having an 
initial thickness of 6480 μm by simulation is 
therefore: 

 ≈6480Service life = 834
7.77

  h. (5) 

Hence, the service lives of chute material and 
its lining material could be predicted by knowing 
their initial thickness. Similar steps were repeated 
for the other samples and the results are 
presented in Table 8. 

Table 8. Wear rate and service life by simulation 

Sample type Wear rate, μm/h Service life, h
Mild steel sample 1 7.77 834 
HX 400 sample 1 3.67 2821 
Mild steel sample 2 2.19 1629 
HX 400 sample 2 1.29 4789 

 
Table 8 provides the results of the analysis 

performed on the virtual samples with the average 
hardness values of both the particle and metal 
surfaces. It can be noticed that the service lives 
obtained have the same trend as the experimental 
results. For instance, mild steel samples at both 
positions experienced more severe wear as compared 
to HX 400 ones. In addition, for the same metal at two 
different positions, the service life of the one at 
position 2 is twice longer than at position 1. 

However, with the average hardness values the 
service life obtained by simulation exceeds the 
experimental ones. Therefore, to acquire more 
consistent results with the experimental values, 
additional simulations were performed with 
different scenarios related to the hardness values 
(as provided in Table 5) of both the particle and the 
metal surfaces. The most consistent results (Table 9) 
to the experimental ones were obtained when the 
hardness values for the metal samples were kept 
constant at the average value and the maximum 
hardness obtained for basalt rock was selected. 

Table 9. Additional simulation results 

Service life scenario 

Sample type 
experimental 

with maximum 
hardness of 
basalt rock 

Mild steel sample 1 731 764 
HX 400 sample 1 1490 1491 
Mild steel sample 2 2400 2583 
HX 400 sample 2 4329 4385 

 
The slight difference between the actual and 

modelled wear rate is explained since some 
factors such as a rise in temperature or contact 
angle of particles with the surface that affects the 
wear of the chute were not considered in the 
simulation. 
 
3.3 Flow rate of boulders 

The purpose of accelerating the flow of 
boulders towards crushing equipment was to 
increase its production rate. Simulations were first 
performed with the actual chute angle to obtain 
the current flow rate as shown in Figure 13 and to 
validate the other DEM parameters as well. 

 
Figure 13. Boulders flow 

Once the current flow rate was successfully 
obtained, the chute angle was increased in 
increments of 0.2° from the initial value, as shown 
in Figure 14, and simulations were performed. The 
objective was to achieve a set of optimum 
conditions to redesign the chute. It should be 
noted that a limit was set for acceptable wear of 
8.86 µm/h based on the results obtained since 
increasing the mass flow rate increases the wear 
rate. Thus, the angle was increased until the wear 
rate was reached and the corresponding mass flow 
rate was displayed on the mass-flow rate sensor. 

The set of conditions achieved is compared to 
the initial one in Table 10. 
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Figure 14. Initial inclination of the chute 

Table 10. Additional simulation results and increase 
in mass flow rate of boulders 

Chute angle, ° Wear rate, 
μm/h 

Mass flow rate, 
t/h 

21.8 2.71 350 
24.4 8.86 496 

 
Referring to Table 10, at the maximum 

allowable wear rate, the set of optimum conditions 
pertained to an angle of elevation of 24.4° since at 
that rate, the limit, 8.86 μm that was set for 
maximum wear rate is not exceeded. Thus, 
redesigning the chute with an angle of 24.4° would 
increase the flow rate of the boulders from 350 to 
496 t/h, making the crushing equipment much 
more efficient. 
 
3.4 Wear simulation 

Figure 15 illustrates the wear map on the 
surface of the chute with a chute angle of 24.4°. It 
can be deduced that the regions of severe wear 
are at the point where the boulders are discharged 
onto the chute with repeated percussion on the 
surface. Hence, it would be beneficial to reinforce 
the surface at that location to prevent severe wear 
that leads to breakdowns, if the mass flow rate of 
496 t/h was to be achieved. 

 
Figure 15. Wear map at optimum conditions after 10 

seconds 

4. Conclusion 

It was observed that the difference between 
the hardness of the chute material and that of the 
abradant has been the main cause of the wear of 
the chutes. Essential information about the service 
life of the same metal at different positions on the 
chute was obtained. The importance of protecting 
chutes has also been demonstrated. Performed 
simulations have made possible the prediction of 
the service life of chute material with its initial 
thickness known. Furthermore, to prolong the 
service of chutes studied, harder materials than 
Hardox® 400 can be used, such as Abracorr® 600. 
Abracorr® 600 has a hardness greater than that of 
the particle and hence, it would be effective to be 
used for wear plates. 

The flow of rocks on chutes was recreated on 
EDEM® and an optimum set of design parameters 
was obtained to redesign the chute carrying 
boulders. A chute angle of 24.4° is expected to 
increase the mass flow rate of boulders from 350 to 
496 t/h. However, it was noticed that the discharge 
spot needs to be reinforced when redesigning. With 
the use of a material of higher hardness, the wear 
resistance of the lining material is expected to 
improve and lead to a decrease in unscheduled 
maintenance and cost. Also, redesigning chutes with 
optimum value of parameters is expected to increase 
the efficiency of crushing equipment and eventually 
that of the whole crushing plant as the flow rate 
would increase by 146 t/h. Therefore, allowing the 
crushing plant to meet its daily production target 
within normal operating hours. The existing system 
has been simulated and validated experimentally. 
The proposed changes including the new chute angle 
show that the uptime of the system can be increased 
while the flow rate can be increased before the 
failure of the chutes. 

The model can be used to predict the wear rate 
and the flow rate in a system if the hardness of the 
chute material is known. This will allow the 
scheduling of stoppages of the line for the 
maintenance of components with minimum 
disruptions to the manufacturing systems. 
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