
When making a decision regarding a cover for large bulk 
material stockpiles, it is important to take a long, hard and 
honest look at several factors. Environmental considerations, 
operations, erection, project schedule, maintenance, suitability of 
the cover for the specific application and lifecycle cost analysis 
are all part of the process.

If we assume that it is not a question of whether to cover our 
bulk materials, but with what to cover, then we must consider 
several issues. In industry it is generally accepted that equipment 
designed or engineered specifically for an application and 
manufactured in a quality controlled environment will function 
better and more likely perform as designed for many years 
without problems. The same approach should be taken with 
stockpile covers, even though they may be considered a structure.  

What are the important issues to ponder before selecting a cover 
for a particular application? A series of questions should be posed 
which impact not only life-cycle cost, but operational efficiency of 
the overall storage system. Although the cover should be evaluated 
like a piece of equipment, the cover has the additional aspects of 
geographical location and local building codes to evaluate.

Basic considerations
There are basic practical considerations to be made when choosing 
the right cover solution. The location of the project is of primary 
importance. This has related parameters such as wind, snow, seismic 
considerations to be accounted for in the design. The material that 
is to be stored affects the requirements of the structure, for example, 
coal should be stored in a well-ventilated structure, which then has 
an impact on the design. The properties of the material must be 
considered as the bulk density and angle of repose are important in 
determining the overall storage size when used in conjunction with 
storage capacity and a particular handling process.

The storage capacity will be determined by the maximum that 
the owner needs to store at a given facility and this should be 
relayed to the cover supplier. Based on their experience, the cover 
supplier should be able to recommend a material handling system 
for the given application and provide recommendation of size, 
even before other equipment suppliers are involved. 

Storage system configuration 
Once the storage capacity is determined, decisions regarding how 
the material should be stored must be considered. One of the 
tremendous benefits of circular storage is the ability to store large 
amounts in very small areas by utilising perimeter walls as an 
integral component of the storage system; the higher the wall, 
the greater the storage capacity for a given area. Of course, there 
are practical limits, but it is not unusual to store coal or iron in 
120 metre diameter stockpiles, with material stacked up to 18-19 
metres against the wall. This would then limit the choices of 
suitable stacker reclaimer systems.  For example, nearly 200,000 
metric tons of coal storage can be achieved with a 120 metre 
diameter footprint, depending on the design bulk density and 
angle of repose.

Material handling system
Once the storage system configuration is selected, the material 
handling system may be a foregone conclusion and the general 
cover design parameters defined. The material handling system 
manages the feed and discharge of the material in storage. The 
selection of the material handling system may be a preference, 
or it may be driven by the process, or by the required storage 
capacity. It is also important to recognise the difference between 
blending and storage, as the reclaim system will typically be 
different. For the purpose of this discussion we will only consider 
storage applications. It is highly recommended to seek the 
opinion of a material handling system supplier or the original 
equipment manufacturer (OEM), specialising in the material 
being stored, as to which type of system is suitable and practical 
for a given application.

How the material will be brought into storage and how it is 
reclaimed are important questions.  The answers will have an 
impact on shape and size of the cover, not only because of size 
due to storage volume, but due to the necessary internal clearance 
envelope for operations within the covered area.

Material delivery is important and we will consider that in all 
cases the material is brought to the covered storage via conveyor 
of some type. The material distribution can be as basic as a simple 
drop from the conveyor onto a simple conical pile, or into a 
stacking tube to reduce dusting, or via stacking arm of a circular 
stacker reclaimer. The material reclaim will be manual with front 
end loader, drawdown hoppers or a circular reclaimer as part of 
the circular stacker reclaimer.

‘Manual’ system implies front end loader reclaim. ‘Automatic’ 
implies some type of mechanical reclaim system, whether 
drawdown hoppers or scraper reclaimers (linear or circular). 
For automatic reclaim, both linear and circular have their own 
strengths in particular applications.  For large quantity storage 
applications, the circular systems are by far the most efficient. We 
will only consider circular systems, but the same line of thinking 
applies to linear stockpiles and their covers.

Access and accessory requirements
There are a host of items to consider which impact the design, 
and may or may not be critical to operations. In most, cases the 
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material will enter via conveyor or perhaps a stacking tube, which 
requires an opening in the cover. The location and size of the 
opening are important. How the material is reclaimed or if there 
are any processes within the storage area will determine other 
requirements. For example, if material handling is automated with 
stacker reclaimer, other access requirements must be outlined 
eg. man doors and mobile equipment openings for equipment 
maintenance, etc. However, if manual handling with front end 
loaders is selected, the perimeter space, clearance between toe of 
the pile and perimeter wall and/or cover, and height requirement 
for the equipment must be considered. Depending on the stored 
material, ventilation requirements must be reviewed.  The cover 
supplier should be able to make recommendations based on past 
projects. Interior illumination is very important if manual material 
handling is utilised.  During daylight hours, skylights in the cover 
will provide sufficient illumination with correct placement and 
total size. For night time lighting there are several options, but 
in all cases lights should be placed to ensure that maintenance is 
not compromised by lack or difficulty of access. Once the general 
size and operational requirements have been defined, the scope of 
supply for the cover is fairly well defined. 

Type of cover material
The next key question for consideration is which cover types are 
viable. The most common materials of construction include steel, 
concrete and aluminium.  

Steel covers
Steel domes can be split into two categories, first being those 
using conventional steel beams and the second one using small 
diameter pipe in space frame structure (pipe and hub). The 
erection of steel domes is labour intensive as the conventional 
steel beam structures require heavy equipment to handle the parts 
and pieces. The pipe and hub parts are smaller and lighter, but 
generate difficult working conditions as crews climb the structure 
as it is erected. Both these systems are built from the ground up, 
resulting in crews having to work progressively at greater heights 
until the apex, which can easily be 40 metres above ground, is 
reached. Large diameter domes can take up to six months, or in 
some cases, longer to erect.

The cladding or skin is either corrugated aluminium or 
painted steel. However, regardless of the cladding, it is secured 
using screws through the panels into the structure. Over time 
there are potential maintenance issues related to leaks and panel 
replacement as differential movement takes place between the 
structure and cladding. Generally, painted/primed coating or 
galvanising is used to protect the steel from corrosion in the 
conventional and pipe and hub systems, respectively.

Concrete covers
Concrete domes are based on thin shell theory that relies on 
exact rebar location within the concrete shell which, under 
certain conditions, may be difficult to achieve. A membrane is 
inflated to create the exact form the concrete dome will take in 
the end. This membrane must remain at the exact shape in order 
for the second step to proceed according to plan. The process 
relies on maintaining constant pressure and ensuring winds do 
not alter the shape of the form, at the critical point in the process. 
In the second step, urethane is sprayed on the underside of the 
membrane, which creates the media upon which the rebar is then 
attached. After rebar is attached, shotcrete is sprayed onto the 
urethane, encasing the rebar and creating a composite structure 
made up of membrane, urethane, rebar and concrete. A high level 
of expertise is required to ensure a quality installation.

Concrete domes rely on the membrane to act as the moisture 

barrier. If it is damaged, water will find its way to the rebar and 
corrosion may be initiated. Concrete domes have limitations 
on size, and once built, it is not possible to modify or add 
appurtenances, limiting flexibility in the future.

Aluminium covers
The all-aluminium dome structure is designed and engineered 
to provide simple, safe installation, and because of the material 
of construction, it will last the life of the plant little-to-no 
maintenance. Unlike steel, aluminium does not require any 
coating or corrosion protection. Unlike concrete, it is not a 
composite material subject to the installer’s skill. Its mechanical 
properties are unaltered from the as-received alloy. It is simply 
mechanically locked together without any welding.

Clear-span aluminium domes are the most widely used circular 
covers. They were first used more than 40 years ago in industrial 
application, and eventually found themselves as the structure 
of choice for bulk material storage because of their clear-span 
advantages at large diameters. With aluminium’s natural corrosion 
resistance, these structures eliminate nearly all maintenance during 
the life of the cover. 

Because of its light weight, aluminium offers reduced labour 
requirements, up to 33 per cent lower than steel domes, and 
precision manufacturing eliminates most field errors. With 
aluminium structures, all parts are mechanically locked in place 
with vibration-resistant connectors and no welding of aluminium 
structural members or panels is required.  Using aluminium 
typically reduces construction time, as these domes may be 
erected in half the time of steel domes.

In addition, aluminium is naturally corrosion resistant and 
requires little-to-no maintenance for the life of the cover. Its low 
emissivity and high reflectivity means these covers do not radiate 
heat or cold, helping to keep the interior of the storage area 
cooler, and keeping the stored material cooler.  Aluminium also is 
environmentally friendly material, being 100 per cent recyclable 
even after 50 years or more.  

Conclusion
Whether aluminium, steel or concrete, the mater ial of 
construction and all the other considerations mentioned here, will 
in turn impact on the design, erection process, longevity of the 
cover, and ultimately the true lifecycle cost. 
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