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According to Table 2, diesel TS shows the best performances 
in flexibility, CAPEX, refuelling, reliability, scalability, and 
capability, which explains why classic TS are prevalent 
in all kinds of greenfield and brownfield mining projects. 
IPCC is capable of mitigating the TS disadvantages from 
energy efficiency, maintenance, refuelling, emissions, heat 
generation, and environmental footprint points. However, 
flexibility, CAPEX, reliability, scalability, and capability 
characteristics are the constraints for IPCC, especially FM-
IPCC, to large-scale applications in mine sites. Due to diesel-
electric power and trolley limitations, TA shows medium 
performance in almost all parameters. In the dynamic 
charging alternative, because the onboard battery energy 
source is from grid charging uphill and energy capture 
downhill, the battery-electric trucks cannot complete one 
haul cycle without enough trolley lines charging. Therefore, 
dynamic charging BT has lower flexibility, reliability, scalability 
and capability compared with stationary charging BT, while 
no recharging/swapping battery need in the battery station is 
the most significant merit for dynamic charging BT systems. 
Because of flexibility limitations and considerable capital 
outlays, dual trolley BT is unlikely to be popular in large-scale 
BT deployment. However, dual trolley BT is suitable for some 
unique mine site conditions like super-depth copper mines.

CONCLUSIONS
The mining industry is now at a crossroads with surface mining 
fleets as it works to meet interim reduced emissions and final 
net-zero targets. A big part of that is moving away from diesel 
to electricity alternatives. This paper depicts the various 
haulage systems from diesel-based power trucks to electric-
based power IPCC, diesel-electric power TA systems and 
battery-electric power BT systems. IPCC and TA are ramping 
up due to reasonable economic and emission reduction, 
whilst trucks operating in conjunction with a conceptual BT 
system could decarbonise haulage mining systems in open 
pit mines. All these haulage systems are interrelated and 
complementary. They cannot be determined in isolation, 
which requires further comparison and analysis of their mine 
sites’ practice performance, whereby all advantages and 
disadvantages are considered simultaneously. Large open pit 

mines may require a combination of different systems, e.g., 
SM-IPCC and BT systems, to achieve the decarbonization 
haulage system.

ABBREVIATIONS
TS Truck-Shovel
IPCC In-pit Crushing and Conveying TA Trolley Assist
BT Battery Trolley
ERSs Energy Recovery Systems 
CAPEX Capital Expenditures 
OPEX Operating Expenses 
STEPS Stated Policies Scenario 
APC Announced Pledges Case
SDS Sustainable Development Scenario 
NZE Net Zero Emissions
IEA International Energy Agency 
GHG Greenhouse Gas
PV Photovoltaic
NEM National Electricity Market 
TGP Terminal Gate Price
DPM Diesel Particulate Matter 
AHTs Autonomous Haulage Trucks
FIPCC Fixed In-pit Crushing and Conveying 
SFIPCC Semi-Fixed In-pit Crushing and Conveying 
SMIPCC Semi-Mobile In-pit Crushing and Conveying 
FMIPCC Fully Mobile In-pit Crushing and Conveying 
UPL Ultimate Pit Limit
AC Alternative Current
DC Direct Current
BEVs Battery-electric vehicles
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Table 2: Comparison between diesel TS, IPCC, TA and BT.

Parameter Diesel TS SF/M 
IPCC

FM-IPCC TA Dynamic 
Charging BT

Stationary 
Charging BT

Dual Trolley 
BT

Flexibility High Medium Low Medium Low Medium Medium

Energy Efficiency Low Medium High Medium High High High

CAPEX Low High High High High High High

OPEX High Medium Low Low Low Low Low

Maintenance Requirements High Medium Low Medium Medium Medium High

Service Life Short Medium Long Long Long Long Long

Additional Infrastructure No No No Yes Yes Yes Yes

Refuelling/Recharging/Swapping Fast None None Fast None  Low Low

Emissions High Low None Low None None None

Heat Generation High Medium Low Medium Low Low Low

Environmental Footprint (Noise/
Dust/DPM/Vibration)

High Medium Low Medium Low Low Low

Reliability High Medium Low Medium Low Medium Low

Scalability High Low Low Medium Low Medium Low

Capability No Yes Yes Yes Yes Yes Yes

Safety Low Low Medium Low Medium Medium Medium

Conveyor Belt Wear & Tear – 
types, causes and solutions

WHAT IS WEAR AND TEAR?
 ‘Wear and tear’ is an umbrella term used to 
encompass a number of different kinds of action 
that progressively damages and wears out 

industrial conveyor belts, eventually necessitating their 
replacement. These are abrasion, cutting & gouging and 
rubber degradation. A fourth kind of damage is ripping 
& tearing. Although more usually associated with more 
catastrophic damage affecting both the inner carcass as 
well as the outer covers, ripping and tearing of the rubber 
covers can dramatically shorten the operational lifetime 
of the belt. Different causes of wear and tear require 
rubber compounds that have very specific properties. The 
overriding solution to literally every kind of wear and tear 
lies in the quality of the rubber. 

ABRASIVE WEAR
As a general rule, 80% of conveyor belt surface wear 
occurs on the top cover of the belt and approximately 20% 
of the wear on the bottom cover. Wear on the top cover is 
primarily caused by the abrasive action of the materials 
being carried, especially at the loading point or ‘station’ 
where the belt is exposed to impact by material landing on 
it. In almost all cases, the shorter the belt then the faster 

the wear rate because they pass the loading and discharge 
points at more frequent intervals. The selection of the 
correct type of cover quality (grade) for shorter length belts 
therefore becomes even more important than usual. 

Unclean environments and damaged rollers can accelerate 



49

CONVEYOR BELTING

Mining & Quarry World | Volume 21 | Issue 4 | August 202448

CONVEYOR BELTING

Mining & Quarry World | Volume 21 | Issue 4 | August 2024

Wear on the bottom cover of the belt is mainly caused by 
the friction contact with the drum surface and idlers. The 
rate and uniformity of this type of wear can be adversely 
affected by many other factors such as misaligned or 
worn drums and idlers set at incorrect angles. Unclean 
environments where there is a build up of waste material 
and damaged idlers and rollers also accelerate wear. Belt 
cleaning systems, especially steel edged scrapers, can be 
another cause of wear to the top cover if not kept correctly 
adjusted. 

TESTING
The test method for resistance to abrasive wear (ISO 4649 
/ DIN 53516) is measured by moving a test piece of rubber 
across the surface of an abrasive sheet mounted on a 
revolving drum and is expressed as volume loss in cubic 
millimeters (mm³).

The most important thing to remember when comparing 
abrasion test results is that higher figures represent a 
greater loss of surface rubber and therefore a lower a 
lower resistance to abrasion. Conversely, the lower the 
figure the better the resistance to abrasive wear. A belt 
with good abrasion resistance can often run for longer than 
the combined working life of two or even three or more 
lower grade ‘economy’ belts.

QUALITY STANDARDS
There are two internationally recognised sets of standards 
for abrasion, EN ISO 14890 (H, D, and L) and DIN 22102 
(Y, W, and X). The longer-established DIN standards 
are usually the preferred reference in Europe. Generally 
speaking, DIN Y relates to ‘normal’ service conditions 
and is the most commonly used, with a maximum volume 

loss of 150 mm³. Strangely, there is no direct equivalent 
ISO standard. The nearest is ISO 14890 L, but in several 
respects, it is a much lower cover class than DIN Y. In 
other words, if you want a belt that meets DIN Y standards 
then do not accept ISO 14890 L.

DIN X (ISO 14890 H), with a maximum volume loss 
standard of 120 mm³, is a little more versatile because 
in addition to resisting abrasive wear it also incorporates 
good resistance to cutting, impact (from high drop heights) 
and the gouging that is often caused by heavy, sharp 
materials. However, as far as abrasive wear is concerned, 
the highest grade is DIN W (ISO 14890 D), with a maximum 
volume loss standard of 90 mm³. 

REALITY VERSUS PROMISES
It is important to bear in mind that DIN and ISO standards 
are only the minimum benchmark of acceptability. Even 
then, although signified as being a certain grade on the 
manufacturer’s technical datasheet,  laboratory tests 
consistently reveal that more than 50% of conveyor 
belts are found to be significantly below those minimum 
standards. 

And even if a belt does marginally meet the required 
standard, manufacturers using higher quality rubber 
compounds can produce a significantly better resistance 
to abrasive action. So much so, in fact, that one 
manufacturer’s DIN Y grade belt can outperform another 
manufacturer’s allegedly superior DIN X grade belt by a 
considerable margin.

With one unique exception, belt manufacturers only show 

the claimed test standards applicable rather than the actual 
performance achieved during the test on their technical 
datasheets. The welcome exception is Netherlands-
based Fenner Dunlop, who show the average test 
results extracted from their routine quality control testing 
against each applicable property. They have done this for 
many years, with the regularly updated averages shown 
alongside the minimum required standard data. At least 
in this way their customers can better compare and have 
more of an indication of the level of performance they can 
expect rather than just promises of what should be.  

CUTTING AND GOUGING
Belts that transport heavy and/or sharp rocks, that cause 
cutting and gouging of the belt surface need different 
resistance properties compared to belts carrying ‘fine’ 
materials such as aggregate, sand and gravel.  If the 
material being conveyed is particularly sharp, such as 
dolerite or granite rock for example, then a DIN X (ISO 
14890 H) belt with a rubber compound that is more 
resilient to cutting is probably the best option. Another 
cause of surface cutting and gouging are stones and rocks 
that become trapped between rotating components such 
as drums and the belt. Good quality DIN Y (ISO 14890 
L) abrasion resistant rubber should be able to cope up 
to a point but marginal or low quality rubber is quickly 
compromised, requiring all too frequent patch repairs and 
resultant loss of output due to stoppages. In all cases, 
good quality belt should not suffer from surface cuts that 
propogate and link up with other areas of damage, causing 
pieces of rubber to detach completely.

Surface cuts can propogate and link up with other areas of 
damage, causing pieces of rubber to detach completely if 
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Each manufacturer uses its own mix of polymers to create 
cover compounds with specific wear resistance qualities. 
The main polymers are SBR (Styrene-Butadiene-Rubber), 
which is a synthetic rubber and NR (Natural Rubber). 
In basic terms, SBR has good general resistance to 
abrasion while natural rubber has better resistance to 
cutting and gouging. Consequently, natural rubber should 
be a major part of the mix used to create DIN X grade 
rubber. Unfortunately, it is appreciably more expensive. 
As a result, many manufacturers try to avoid or at least 
minimise the amount of natural rubber used in order to 
achieve low prices, despite the reduced protection of the 
inner carcass, higher level of repairs and, ultimately, a 
shorter operational lifetime.

Surface ripping and tearing effectively falls into the 
same category of cutting and gouging but is simply 
more destructive. The size, weight and sharpness of the 
material being conveyed is the key factor, especially when 
heavy and sharp objects fall from height onto the belt 
surface. The damage this can cause goes beyond normal 
wear and tear because the cover can be punctured and 
expose the inner carcass. Depending on the severity, DIN 
X (ISO 14890 H) grade belt is certainly a good option but 
a belt specifically engineered and proven to handle severe 
conditions (impact, rip & tear) that has DIN W (ISO 14890 
D) covers is most likely the best choice.

HOW OZONE & ULTRAVIOLET LIGHT CONTRIBUTE TO RAPID 
WEAR
There is absolutely no question that ALL rubber conveyor 
belts should be fully resistant to the damaging effects of 
ozone (O3) and ultraviolet light (UV). This is because ozone 
becomes a pollutant at ground level. Exposure, which is 
unavoidable, increases the acidity of carbon black surfaces 
and causes reactions to take place within the molecular 
structure of the rubber. Known as ozonolysis has several 
consequences such as surface cracking and a marked 
decrease in the tensile strength of the rubber. 

Likewise, ultraviolet light from sunlight and artificial 
(fluorescent) lighting also accelerates deterioration. This is 
because it produces photochemical reactions that promote 
the oxidation of the surface of the rubber resulting in a 

loss in mechanical strength. In both cases, this kind of 
degradation causes an acceleration of the wear and tear 
process.

Rubber belts that are not fully resistant to ozone and UV 
can start to show signs of degradation even before they 
have been fitted simply by being exposed to open air and 
daylight. Sadly, despite its crucial importance in terms of 
operational lifetime, laboratory testing has revealed that 
some 90% of belt sold in Europe, the MiddleEast and 
Africa are not ozone and UV resistant. This is because 
the antiozonants needed to create that resistance are 
seen as an avoidable cost. My advice is to always make 
a guarantee of ozone & UV resistance compulsory when 
selecting any rubber conveyor belt. 

IT’S ALL ABOUT THE QUALITY OF THE RUBBER
Ultimately, resilience to wear and tear is all about the 
quality of the rubber. Ironically, it is the size of the difference 
in selling price that is invariably the best indicator of that 
quality because rubber constitutes at least 50% of the cost 
of making a conveyor belt. 

Consequently, it is the single biggest opportunity for 
manufacturers to cut corners in order to compete for orders 
on price. When it comes to the true cost of a conveyor belt, 
time will always tell.
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