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Project specific quarrying of aggregate, for asphalt manufacturing, has numerous 
advantages. With aggregate making up almost 95% of the materials of asphalt, the capital 
costs can balloon significantly when consequential costs, like additional trips generated by 
haulage, are an uncontrolled variable. However, even with all of this optimally resolved, there 
are still many considerations, with degrees of varying influence, that need to be managed 
and leveraged to fully realise the advantages of project specific quarries. The Upgrade of 
National Route 3 project by the South African National Roads Agency aims to achieve value 
through project specific quarrying. The paper sets out the many considerations to achieve 
the balance and sustainability in the initial selection of aggregate for asphalt, for future use 
in asphalt recycling 

INTRODUCTION 
 
The cost to manage materials range between 30% - 80% of the total construction costs (1).  
Aggregates constitute almost 95% by weight of the asphalt pavement mixtures, and 
appropriately the materials management plan becomes pivotal to the successful project 
implementation. The process for a new flexible pavement includes materials production, 
transportation, and construction. In addition to these, for the reconstructed pavement, one 
would need to include the deconstruction of the existing pavement layers, transportation of 
the existing material to stockpile and reworking of the material in the recycling process (2). 
This paper discusses the key considerations for the quarrying of aggregate for the supply of 
targeted project asphalt. The paper is focused on flexible pavements within the design-bid-
build contract in the road construction industry.  
 

LITERATURE REVIEW 
 
Bulk of road building aggregates are sourced from natural rock, sand and gravel sources, 
all of which are limited sources and are the primary resources for construction (3). Many 
studies performed highlight the need for road construction aggregates, including asphalt 
aggregates for road construction and confirms that the source, destination, quality, and 
quantity of the aggregates all influence the cost of the aggregate materials (4). The factors 
that contribute toward an efficient supply of aggregate for the project includes, the number 
of suppliers, transportation economics, stockpile areas, and haulage from stockpile areas to 
the road section under construction. Many of these factors are further influenced by the 
required volumes of materials versus the available volumes of materials. The geographical 
location of the stockpile area contributes to the haulage costs on a project (5).  
 
The morphological features of aggregates comprise of the aggregate shape, angularity, and 
surface texture. These properties influence the performance of an asphalt pavement in terms 



of the texture and friction.  Aggregates that have been quarried, crushed, and screened in 
preparation for use are called Processed Aggregates. These aggregates are processed to 
achieve certain performance characteristics of the manufactured asphalt. It is desirable to 
have cubic and angular crushed aggregates for asphalt mix design. Particles that are flat, 
elongated, or both, can adversely affect the composition and performance of an asphalt mix. 
Pavement failures, in particular rutting, stripping, and lack of acceptable surface frictional 
resistance can be ascribed to improper aggregate selection and use. This indicates that the 
morphology of coarse and fine aggregates contribute to the performance of the flexible 
pavement. Accordingly, consideration for quarrying processes, aggregate selection, and 
correct aggregate testing is necessary for achieving the required performance of flexible 
pavements (6).  
 
Many road agencies and material suppliers also favor the reuse and recycling of materials 
to promote the reduction of the depletion of natural resources. Recycling also assists in 
reducing agency and, ultimately, the road users’ costs. As much as the concept, in theory, 
is justifiable, it is not easy to attain in construction. Industry needs to focus on incentives for 
the reuse, recycling, and management.  
 
METHODOLOGY  
 
The content of the paper is based on the South African National Roads Agency’s Provision 
of Materials for the National Route 3 Upgrade project, as a case study. The project includes 
for the provision of crushed materials to supplement the N3 upgrade to be used in the 
production of asphalt for the flexible pavement construction. In the conventional design-bid-
build contract, the project starts with the planning stage where the public owner, the road 
agencies ,  provisionally scopes the project and appoints a consultant for the detailed design. 
During the design stage, the consulting engineer will design the upgrade project and 
investigate sources for the supply of aggregate to be used in the road construction. It is 
during the design stage that key considerations in the aggregate source must be considered 
to ensure compliance to the asphalt product specification.   
 

 



 

Figure 1: Process flow for the Materials Management Plan 

The key considerations focus on the material from external sources, materials from the 
existing pavement, the layout of the quarry site and the processing of existing materials  

 
 
KEY CONSIDERATIONS AND LESSONS 

1. Legislative Approvals   

 

South African mining law is regulated by the Mineral and Petroleum Resources 

development Act, 2002, (MPRDA). Together with the National Environmental 

Management Act, 1998 these two acts regulate the environmental aspects 

associated with quarrying. 

 

i. The Spatial Planning and Land Use Management Act, 2013 (SPLUMA)  

SPLUMA had a major influence on the award of the contract for the provision of 
crushed materials for the upgrade of the N3. The original land zoning for the 
quarry site was not aligned to the activities of extracting materials which triggered 
the need to obtain a record of decision for the SPLUMA. The SPLUMA process is 
an independent approval process which is managed by the relevant Municipality 
in coordination with the quarry owner. The time frames for this process are lengthy 
and requires coordination with all the various statutory departments and public 
stakeholders.   

 
2. Design investigation 

 

The quarry must be a viable source of materials ensuring compliance to the project 

specific needs and project specifications. The pre-investigation which forms part of 

the design process is paramount to the quarry construction. Apart from ensuring an 
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appropriate source of materials, the design phase needs to consider the variability in 

the geological conditions. This has a consequential effect on the blasting plan, 

volumes and essentially the supply of materials. The following factors are to be 

considered when investigating an aggregate source for asphalt production, in addition 

to the quality and cost of the aggregate.  

 

The designer must consider the following:  

✓ The consistency at source before and during production. The details of 

investigation will yield information that will assist with the quarry extraction. The 

geological information guides the planning of the material extraction. The 

geological information will inform the methodology and process to blast the 

overburden layers and the required aggregates. The viability of the crushing 

operation is underpinned by ensuring that the overburden material is removed 

efficiently. This must be achieved while minimizing the contact zone and 

contamination of the virgin materials required for asphalt production.  

✓ The capacity to supply the required quantities during peak demand is fulfilled. It is 

imperative that the intended source can supply the balanced materials 

requirements.  The aggregate demand is determined during the design phase of 

the project. The geotechnical investigation is crucial to informs the design phase 

calculations.  

✓ The distance from asphalt plant. The viability of any roads project depends on the 

proximity of the materials source to the final point of use. The distance from the 

quarry to the asphalt plant then contributes to the overall cost of the project.  

✓ The community effect on quarry or source. The road construction industry has 

evolved to include the community and can influence the success of any project. 

Many current projects include a community development program where the 

community can benefit from the use of the land and learn new skills to enable 

future growth and development within the community.  

✓ The capability and capacity to supply the appropriate class of aggregate depends 

on the morphological features of aggregates. Aggregate morphology is a key 

performance indicator of the flexible asphalt pavement. The quarry will need to 

supply the required aggregates for asphalt while minimizing any outsized 

aggregate of the required aggregate.  

 

The use of the quarry must be optimized through planning and management.  

 

3. Coordination of activities influencing quarry viability and aggregate production  

 

The management of a client owned quarry is different to the management of a 

commercial quarry. It must take into consideration issues specific to one, or an 

intended combination of specific projects. For the provision of crushed materials to 

the N3 upgrade, the quarry had to consider the following details: 

 
 



 
i. Alignment to the projects affecting quarry production  

A demand schedule gives the different volumes of aggregate that is needed by 
each project for each month. The demand schedule is based on the projects 
program of work and the crushed materials required for the asphalt production.  
The quarry package then assesses the demand and develops a supply schedule 
to meet the demand schedule. The supply schedule is dependent on the blasting 
plans, crushing and screening operations required. This is an iterative process to 
balance the pit extraction plan and crushing operations. 
 

ii. Quarry access and layout affecting quarry output  

Apart from the geological conditions, the quarry layout affects the efficiency of the 
quarry operations.  Accessibility into the quarry is dependent on the volumes of 
the adjoining road network. The physical entrance is a particularly constraining 
factor especially for single or two-way movement.  One way access was found to 
reduce the number of vehicles that can be accommodated in this quarry site.  
 
Within the quarry site the layout takes into consideration the quarry sequence and 
layout of the various plant and machinery, both fixed and movable.  Space is 
required for processing stockpiles, approved stockpiles, and selling stockpiles. 
The setup of the selling stockpiles interfaces with the weighbridges and movement 
of external vehicles. The efficient utilization of space at the quarry site very quickly 
determines the efficiency of the quarry.  

 
4. Recycling Existing Pavement  

 

Apart from quarry source, the existing project pavement offers another source of 

materials to produce asphalt. The deconstruction of the existing pavement and the 

management of the reclaimed pavement becomes pertinent to the quality of the 

aggregate reclaimed.  

 

 



CONCLUSION  
 
This is a case study highlighting lessons from the quarrying of aggregate for asphalt 
manufacturing for the N3 upgrade. The design investigation and coordination of activities 
was briefly discussed to highlight its influence on the viability of the quarry.  
 

The primary consideration for accurate and detailed information at design phase allows for 
the efficient quarry practices.  
 

The coordination of activities, quarry layout and the management of reclaimed aggregates 
are all factors that contribute to optimizing aggregates for producing asphalt.  
 

The iterative revisiting of these factors and productive operations of the quarry and will shape 
the industry for improvement and perhaps change.  
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