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Visible particle roughness is the function that causes shear strength to resist deformation. 

There were some connections between shear strength and resistance to permanent 

deformation however it was argued that shear strength is influenced by overall particle shape 

and roughness. 

More research work is needed to determine the exact connection between shear strength and 

permanent deformation due to variable stress levels detected between individual particles 

when subject to static or dynamic loading. 

3.10 Water in pavements 

One of the main problems confronting pavement engineers worldwide is water intrusion into 

UGL. Effective drainage systems are an integral part of a well performed highway or road 

infrastructures. Not only it benefits pavement structural integrity but it is also provides a safe 

driving surface for motorists. 

Some water in the UGL can be beneficial to the strength and the stress-strain behaviour of 

pavement layers and is required for optimum water level and achieving optimum shear 

strength. Figure. 3.19 from Werkmeister (2003) shows RLT test results of two samples 

starting with the same moisture content and one of the sample is drained whilst the other 

sample remained saturated. The undrained sample increased permanent deformation to a 

much higher level than the drained sample when subjected to same number of stress cycles. 

Suffice to point out that excessive amount of water saturating pavement structures would 

have detrimental effects on the long term integrity of such pavements. 
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classification, traffic volume by type, e.g. % of Heavy Commercial Vehicles (HCV), and 

bus network role and bus passenger numbers. 

In Tonga's situation, it is a simple network made up of fixed routes (Mass transit) for buses 

and limited heavy commercial vehicles combined with a very flexible personalized service 

(Paratransit) of car rentals, private taxi owner-operators and limited other specialized users. 

4.1.1 New Zealand Road Network 

New Zealand's state highway (SH) classification is based on "functional requirements" such 

as moving freight to and from ports or between main centres (Mass transit). This is further 

broken down to categories described by NZT A (2011) as national strategic, regional 

strategic, regional connector, and regional distributor. The threshold levels for all the 

different categories are based on type and number of vehicles users and these have been 

established as category level 1, 2 and 3. 

Prioritising the above classification based on their significant contribution toward economic 

growth directly assist investment decision making at government level. NZTA (2011) 

affirms that funding SHs is based on investment and revenue strategy where activities are 

prioritised based on the following three key points. 

• Strategic fit - The extent to which they address key opportunities from a national

perspective

• Effectiveness - How well they achieve particular outcomes identified in 'strategic

fit', and

• Economic efficiency - How efficiently the resources are being used
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A number of adjustments were made on site, which were not part of the specifications, 

but an innovative approach ensuring the work could proceed and be completed. These 

included innovating items such as the drainage boxing system to install complicated 

design system along the waterfront. The construction engineers discovered, by chance 

observation during unintentional trials of excessive watering then rolling of limestone 

basecourse, that the material settled similar to concrete. A basecourse treatment process 

was then developed prior to placement and rolling. 

Aggregate stockpiles were saturated with water prior to loading onto site delivery trucks 

where basecourse was laid using an asphalt paving machine in order to achieve 

consistent depth. No grading machinery was used. This approach of laying totally 

saturated limestone aggregate assisted in achieving higher basecourse density values 

through partial cementation as a result of rolling (Van Heerswyk discussions 2015). 

This is an unconventional approach but it demonstrates the general approach of 

applying "whatever" standard works in order to get the work done (Van Heerswyk 

discussions 2015). 

The Tongan Integrated Sector Development 2010 project was essentially a chipsealing 

contract, as the chipseal component of the project was approximately five times the 

asphalt portion, although it wasn't specified nor described as such. 

Contractors engaged to do carry out the 2010 project were made up of Chinese nationals 

and locally engaged contractor. 
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Chapter 6 

AGGREGATE, AGGREGATE TEST METHODS AND TEST 

BY OTHERS 

In this chapter, aggregate test methods directly relating to this research are reviewed with 

emphasis on how they inform design. The limitations and challenges confronted whilst 

attempting to obtain aggregate samples is also covered. 

Unbound basecourse material specifications, asphalt concrete and chipseal aggregate 

requirements are discussed in relation to NZTA and AUSTROADS standards. 

A literature review of aggregate tests performed by others on Tonga's limestone to 

highlight and compare results commonalities. 

Aggregate standards specified for Tonga contracts are highlighted and compared to test 

results. 

From a road construction perspective, aggregate is the collective term for sand, gravel or 

crushed stones, and when a binding medium such as bitumen or cement is added, asphaltic 

concrete is the resultant compound material. In the case of flexible pavement structures, 

aggregate can be bound or unbound. In this research, the focus is on unbound granular 

aggregate material. 

Natural aggregates are generally extracted from larger rock formations through an open 

excavation in quarries. Quarrying is the standard method used in Tonga. Extracted rocks 

are typically reduced to usable sizes by mechanical crushing before being graded to cover 

a range of specified sizes in order to make them mechanically stable, workable and 

compactable. 
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