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Featured Application: The general use of New-age (Nano) Modified Emulsion (NME) is appli-

cable for the construction of high-order multi-lane highways to lower-order access roads in vil-

lages/townships. These nanotechnology solutions are suitable for use with construction 

equipment ranging from the most sophisticated to the elementary, including labour-enhanced 

construction methods. NME enhancement/stabilisation of materials for use in roads enable the 

use of marginal material in all categories of roads. The general acceptance of these new disrup-

tive technologies will be driven by the ease of use, time and cost implications and robustness of 

the technology during construction in practice, with associated reduction in risks and costs. 

Abstract: The introduction of any new disruptive technology in a traditionally well-established 

industry, such as the road construction industry, is usually associated with considerable resistance. 

This is especially relevant when the new technology is based on the use of granular materials tra-

ditionally considered to be of an unacceptable quality in combination with relatively new concepts 

such as New-age (Nano) Modified Emulsions (NME). In such cases, the fact that the material de-

sign methods are based on fundamental scientific principles and have been proven in laboratories 

and through Accelerated Pavement Testing (APT), may be of little influence. However, the general 

acceptance of new disruptive technologies, e.g. telecommunications and Information Technologies 

(IT), have been based on the considerable advantages it presented. The same principles are appli-

cable to the general acceptance and use of NME stabilisation/enhancement of materials in the road 

construction industry. This article is aimed at the practical cost-effective demonstration of the 

general application of the use of nanos-silane modified emulsions in the construction of the highest 

order roads, i.e. inter-city multi-lane highways, lower order roads (including Low-Volume-Roads 

(LVR)) and even local accesses to farms and in villages/townships. The implementation of NME 

technologies is directly associated with ease of use, time and cost savings and the addressing and 

reduction of risks applicable to the use thereof. 
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tion, central plant mixing of granular nano-modified emulsion granular materials, in-situ recycling 
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1. Introduction 

The introduction of any new disruptive technology [1] in a traditionally 

well-established industry such as the road construction industry, is usually associated 

with considerable resistance. This is especially relevant when the new technology is 

based on the: 

• use of granular materials traditionally considered to be of marginal or even unac-

ceptable quality [2]; 

• relatively new concepts in pavement engineering such as New-age (Nano) Modified 

Emulsions (NME) [3]; 

• test requirements such as XRD scans [4] (relatively old concepts fields such as geology 

and mining) to analyse naturally available granular materials [5]; 

• scientifically based material design methods based on basic scientific principles based 

on materials mineralogy and material compatible nano-modified stabilising agents 

[6,7], and 

• pavement layer bearing capacity tests which in a traditional sense may be foreign to 

the road construction industry, i.e. Unconfined Compressive Strengths (UCS) [8] and 

Indirect Tensile Strengths (ITS) [9].. 

Although most of these concepts have been in used in many a decade, if not more than 

a century, especially in the built environment [10,11], the traditionally road construction 

industry is notoriously conservative and slow to adapt. In such an environment, the fact 

that the stabilised granular material design method is based on fundamental scientific 

principles [6,12,13], been evaluated and proven in National Research and University la-

boratories [14,15,16], evaluated in practice through Accelerated Pavement Testing (APT) 

[17,18,19] and implemented on several roads in southern Africa [7,20] may have little ef-

fect to address scepticism and reservations in the road construction industry.  

In order to be of benefit and to assist in addressing the considerable backlog in 

transportation infrastructure in (especially) the developing regions of the world, the 

practical aspects associated with new technologies must be proven to such a degree that 

all doubts are sufficiently addressed in order to overcome a natural resistance to change. 

A good transportation infrastructure network forms the backbone and is a pre-requisite 

to economic development of any country. Hence any potential considerable savings in 

the unit costs for the provision and maintenance of road infrastructure (without com-

promising quality and durability), need to be adopted without delay. This can be ac-

complished through pre-empting any construction related concerns and addressing po-

tential problems and risks for general acceptance to be achieved. 

Accelerated acceptance of the introduction of new disruptive technologies, such as 

in the telecommunications industry (cell/mobile phones) and Information Technologies 

(IT) (computer technologies), have been based on the considerable advantages these 

technologies presented to the general population. The same principles are applicable to 

the general acceptance and successful use of NME stabilisation/enhancement of granular 

materials in the road construction industry. Proven benefits and risk reductions to the 

road construction industry will lead to the adoption of nanotechnology solutions despite 

traditional resistance to change. This article is aimed at the demonstration of the ease of 

use and the practical advantages of the implementation of NME stabilisation of naturally 

available granular materials. The applicability of these technologies is demonstrated 

through examples of the actual implantation of NME granular materials in the lay-

er-works of roads. These roads vary from the highest order roads (i.e. inter-city mul-

ti-lane highways) to lower order access roads (i.e. Low-Volume-Roads (LVR)) and even 

local accesses to farms and in villages/townships. This article is not a literature study of 

available construction practices but represent the actual use of NME stabilising agents 

using granular materials that would traditionally be rejected for use in the pavement 

structural layer. 

No technology is without risks. However, a rigorous process of risk assessment and 

the development of a scientifically based material design method [6,12,13], laboratory 
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evaluations [14,15,16] and full-sale APT loading assessments [17,18,19], allowed for de-

sign risks to be minimised.  

It is shown that normal, commonly used construction methods can be used with 

ease for the construction of pavement layers in roads using central mixing plants, recy-

clers, conventional equipment or labour enhanced construction methods. Not only can 

any available construction method effectively be used, but in many cases the NME stabi-

lising agent shows considerable advantages over and above the use of material tradi-

tionally used. These advantages are highlighted towards the end of the article though 

practical experience gained over the last decade with associated savings.  

2. Construction Industry Acceptance of New Technologies 

The introduction and general acceptance of any new technology in an established 

industry are a function of a number of factors, including: 

Primary construction related interest factors influencing new technology introduc-

tion: 

• Influence on profitability; 

• Required equipment and cost thereof; 

• Ease of construction; 

• Production rates to be achieved; 

• Delays caused by slow drying/setting of materials; 

• Risk associated with implementation; 

• Actions required to reduce risks; 

• New skill-set requirements for practical implementation; 

• Industry resistance to change as a function of comfort with design approaches and 

vested interests, and 

• Perceived treads to established monopolies.  

Secondary interest factors: 

• Toxicology (normally addressed through legal requirements), 

• Environmental factors (normally addressed by legislation), and 

• Addressing the unknown – the fear-factor, by demonstrating safety, opportunities, 

benefits and addressing scepticism among traditionalists. 

Most of these primary and secondary factors have already been discussed in detail 

in the various publications referenced. The practical construction issues, e.g. the ap-

plicability of equipment, required modifications to equipment, use of existing equip-

ment, damage to equipment, capital requirement for the aquation of new equipment and 

similar concerns will be addressed throughout this article 

The versatility and ability of anionic NME stabilisation/enhancement of granular 

materials to address needs at all levels of the road construction industry are of prime 

importance. It enables the fiscus and authorities to provide more infrastructure at con-

siderably reduced costs without compromising engineering quality. As demonstrated in 

this article, the implementation of NME technologies will reduce risks to contractors 

(ease of implementation/operations, generating of opportunities for entering the market 

space, generation of more projects with the same available funds) and create opportuni-

ties to maintain or increase profitability.  

3. Defining Marginal Materials 

 The use of marginal materials in road pavement design and construction is usually 

associated with Low Volume Roads (LVR). This general perception among pavement 

engineers in terms of the optimum utilisation of granular materials will require a total 

mind-shift in traditional perceptions with the introduction with applicable, proven nan-

otechnologies. With the enhancement, protection and stabilisation of granular materials 

using proven nanotechnology applications (organofunctional silane technologies), the 

traditional perception of marginal or unsuitable granular materials for use in specific 

pavement layers as a function of design criteria, is far from accurate. It is by far more easy 
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to adjust and enhance the material properties of a relatively good quality granular mate-

rial (just not meeting the standards of freshly crushed stone), compared to that of the 

enhancement/improvement of a very poor-quality material, containing high percentages 

of secondary minerals. The definition of “marginal” materials and the use thereof in 

various road categories is discussed using the basic, easily comparable, relative qualities 

of the South African granular material classification system [21] as summarised Figure 1. 

This material classification system is used as a basis due to the simplistic nature of ref-

erence ranging from a very good freshly crushed stone (G1) to a very poor material con-

sisting mostly out of clay-like materials (G10). For a full understanding of the South Af-

rican granular material classification system as well as scientific basis of the nanotech-

nology solutions, the various references should be studied [21,22,23].  

 

Figure 1: Summary of the comparative relative qualities of granular materials as defined using the South African road 

building material classification system [21,22,23] (definition of Mod AASHTO refer [24,25]) – prices associated with the 

various materials vary depending on the availability from region to region and are based on material costs in South 

Africa (2021- excluding haulage costs) – depending on the scarcity of high-quality granular materials these prices may 

vary considerably 

The traditional material classification system presented in Figure1 [21, 22, 23] and 

the use thereof in practice, is, off-cause a function of the design traffic loading, usually 

expressed in terms of the Equivalent number of dual wheel 80 kN single axle loads (E80s) 

calculated over the design period [22,26]. The design E80s are closely associated with the 

Category of the Road, the expected Level Of Service (LOS) and the number of vehicles 

(capacity) of the road as per normal new road or rehabilitation design. The Category of 

road will also determine the accuracy of design [e.g. 26,27] as well as the required struc-

tural and functional characteristics which must be addressed through the application of 

normal accepted guideline documents developed and used throughout the world in 

various countries. 

As an introduction to and the understanding of the relevance of the construction 

techniques, the comparative design catalogue (design pavement structures for design 

traffic loadings of 1 million standard dual wheel axle loadings (E80s) to 30 million E80s) 
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and the material requirements are repeated in Figures 2 [6,7], 3 [6,7] and 4 [27]. It should 

be noted that the application of the NME technology is not limited to 30 million E80s. The 

APT results (tests performed by the South African CSIR [17,18]) have demonstrated that 

designs can, with ease, be done for traffic loadings to at least a 100 million E80s. The de-

sign of LVR and access roads have also been addressed in more detail in a comprehensive 

design document applicable to all environmental Climatic Zones of the World [27] with 

applicable materials criteria summarized in Figure 4 [27]. 

From the comparative design catalogue (Figure 2), it is seen that for the higher order 

roads, using conventional designs, a high-quality crushed stone (G1, G2 and G3 (Fig-

ure1)) is prescribed for the construction of the base layer (as an alternative to full-depth 

asphalt designs) [28]. This materials are usually only available from commercial sources 

at a considered cost which, in addition, is also associated with haulage costs that could be 

substantial, depending on the availability of the material relative to the distance from the 

construction site. Haulage costs may be a major factor in areas between the Tropics close 

to the Equator and in desert areas where sources of high-quality crushed stone may be a 

scarce commodity. In comparison, naturally available materials (gravels of a G4 to G9 

quality (refer Figure 1) or sand of various gradings), may be more readability available 

close to construction sites. The use of the naturally available granular materials together 

with a material compatible anionic NME stabilising agent, may result in considerable 

savings in material costs as a basic input into a probabilistic life-cycle cost analyses ap-

proach [29] taking into account associated risks.  

Naturally available materials close to, but not meeting the classification crite-

ria/properties of freshly crushed stone, usually still contain a solid core of primary min-

erals with some presence (relatively small percentages) of secondary minerals which 

developed as a result of some chemical weathering [6,7]. The neutralisation of any pos-

sible negative effect of these secondary minerals, using applicable nanotechnologies, are 

relatively easy to achieve by following the recommended materials design method [6].  

The opposite is the case with materials of very poor quality as defined for use in 

road pavement structures (these materials may be classified as very good for purposes 

such as agriculture). In these cases, the bulk of the naturally available material may con-

sist of secondary minerals with the structure of the particles of the primary minerals al-

ready compromised due to the process of chemical weathering [6]. It follows that the 

crushing strength of the primary minerals present in the naturally available may already 

have been compromised. Although more complicated, the characteristics of these mate-

rials can also substantially be improved using applicable nanotechnologies [6,7,12]. In 

these cases the material may be improved for use in the upper layers (base and/or 

sub-base of roads with design traffic loading up the 10 million E80s [16,17,18,27], or the 

supporting layers of pavement structures with higher design traffic loadings.  

G3 to G6 (Figure 1) materials are considered marginal or unacceptable for use in and 

base layers of roads with a design loading in excess of 3 million E80s. However, in com-

bination with a material compatible anionic NME stabilisation agent, the quality of such 

material can chemically be improved to be suitable for use in the base and sub-base layers 

of these roads. Depending on the mineralogy of the materials and the implementation of 

a scientifically based materials design approach [6,7,12], a material compatible anionic 

NME stabilising agent can be used with confidence with G3 to G6 materials to meet all 

engineering specifications for design traffic loadings in excess of 10 million E80s, without 

compromising the integrity of the pavement structure. A material compatible NME sta-

bilising agent will protect every particle of the granular material used in the construction 

of the pavement layers from access to moisture (water). Hence, possible future chemical 

weathering is eliminated [12,13] and long term in-situ pavement durability improved 

with an associated reduction in future periodic maintenance requirements.  
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Figure 3 [6,7]: Minimum recommended standard specifications for New-age (Nano) Modified (NME) stabilised mate-

rials, addressing four different classifications in terms of engineering requirements. 
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Figure 4 [27]: Minimum recommended standard specifications for New-age (Nano) Modified (NME) stabilised mate-

rials, addressing Low Volume Roads (LVR) and access roads to remote communities and in villages/townships 

 

4. Basic Site-related Requirements to Ease the Construction of NME stabilisation 
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 Construction operations, especially in the developing regions of the world, often 

present contractors with severe challenges in terms of various factors unfamiliar to the 

developing world, including: 

• Logistical problems getting materials timeously on site due to logistical challenges 

presented by infrastructure and climatic conditions and limited production facilities; 

• Maintenance problems with regard to construction equipment (limited access to spare 

parts);  

• Uncertainties with regard to sureties and irregular payments; 

• Community factors as a result of high unemployment rates and factional (political) 

influences and related delays due to often unrealistic expectations of employment 

created in areas with high needs and poverty, etc. 

Al of these challenging conditions require that a basic requirement of any product 

delivered for stabilisation/enhancement of naturally available granular materials must be 

of proven stability and resilient in nature in these areas. Suppliers need to guarantee 

these basic requirements (e.g. stability and application at ambient temperatures) of any 

NME stabilising agent for lengthy periods of time under extreme climatic conditions. 

These conditions may often include limitations in the ability of regular maintenance of 

the stabilising agent (e.g. circulation of the stabilising agent stored in flow-bins or tankers 

in the sun under challenging conditions). These requirements should be addressed 

clearly in special provisions within contract specifications, requiring contractors and 

their suppliers to guarantee the stability of the NME stabilising agent over a period of 

time (minimum recommended storage time of 4 months), as dictated by local conditions.  

Any specified NME stabilising agent must be able to be:  

• Applied at ambient temperatures without prior heating and circulation and mixed 

with the construction water with ease to enable quick and reliant distribution and 

mixing, and 

• Of a quality that ensures that particle sizes of the NME are minimized to facilitate ease 

of distribution within the construction water resulting in a minimum risks of block-

ages to nozzles of equipment (e.g. of water-bowser and/or recyclers, etc.), provided 

that the equipment is clean at the start of operations (construction water should also be 

clear of any possible particles that may cause obstructions).  

These basic requirements will prevent additional complicated heating operations 

(and related costs) and frequent delays caused by blockages of equipment which will 

require frequent cleaning operations and costly stoppages and/or construction problems. 

Practical experience in southern Africa has shown that high-quality anionic NME stabi-

lising agents are able to meet these conditions with ease provided that special conditions 

of contracts [7,27] are stickily adhered to and adequate quality control measures are in 

place. 

5. Construction of NME Stabilised Granular Pavement Layers – Practical aspects 

5.1. Weather conditions  

Weather conditions and limitations to construction as per normal road construction 

projects are applicable to the construction of road pavement layers using NME stabilising 

agents. The NME stabilising agents must be added to the construction water prior to the 

addition thereof to the granular materials that are being stabilised. The in-situ moisture 

of the materials will determine the total construction water required (together with the 

stabilising agent), in order to achieve optimum construction compaction conditions. Ex-

perience has shown that the best conditions are normally achieved at moisture contents 

just below Optimum Moisture Contents (OMC). Hence, it is recommended that the total 

of the added fluid content of the NME stabilising agent be taken into account in the cal-

culation of the required construction water to be added. 

For example, if the OMC of the granular material to be stabilised is 8 per cent and 

the granular material to be stabilised contains 5 per cent moisture, the construction water 

with the NME stabilising agent to be added is (8 – 5) 3 per cent. In the case where the 
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required designed percentage of the material compatible NME stabilising agent is 1 per 

cent, it had to be mixed with an additional 2 (3-1) per cent construction water within the 

water-bowser prior to the stabilising of the granular materials. Some modern recycling 

equipment allows more than one feed into the recycler. Under no circumstances should 

the NME stabilising agent and construction water be fed into such equipment separately. 

Water in the carrier of the NME stabilising agent and the separate addition of water and 

the stabilising agent will not allow for the even distribution of the NME stabilising agent 

within the granular material and hence, the unsuccessful stabilisation of the pavement 

layer. 

Depending on local conditions (e.g. very hot days), allowance should be made for 

the evaporation of water during the stabilising process by increasing the percentage of 

construction water that will evaporate during the process of mixing and compaction as a 

function of the: 

• Type of construction equipment used (some construction equipment will take consid-

erably longer to thoroughly mix the stabilising agent with the granular material re-

sulting in higher loss of moisture); 

• Prevailing temperature and humidity during the stabilisation process, and 

• Delays on site as a result of and logistical supply problem.  

 5.2. Delivery and storage of NME stabilising agent to a road construction site  

The NME stabilising agent is normally delivered to site in 1 000 litre flow-bins (Fig-

ure 5(a)) or using bulk storage tankers varying in size from 15 000 to 30 000 litres (Figure 

5(d)). Although it is often stipulated by supplier to store flow-bins or tankers in shade, in 

reality this seldom happens. However, experience has shown that high-quantity anionic 

NME stabilising agents will be able to stay stable with no visible sign of separation of the 

various components and/or increase in measured viscosity, under harsh climatic condi-

tions with daily temperatures exceeding 35°C in the open with no shading (Figure 5(b)), 

for more than 4 months. It is recommended that a guarantee of at least 4 months be re-

quired from a supplier for a delivered NME stabilising agent in a flow-bin be remain in a 

stable condition with no signs of separation. In big tankers fitted with a simple circulat-

ing pump, a high-quality anionic stabilising agent has been shown to stay stable with no 

increase in viscosity for periods exceeding 12 months with a once-a-week maintenance 

(circulation using the fitted circulation pump).  

NME stabilising agents have a relatively low viscosity, making it simple to add the 

stabilising agent to the construction water in a water-bowser using simple gravity (Figure 

5(c)), by lifting the flow-bit above the intake of the water-bowser. Alternatively, a simple 

pump with a measuring device could be used to deliver the required volume of the NME 

stabilising agent to the water-bowser as would be the requirements from delivered from 

bulk takers such as those shown in Figure 5(d). 

5.3. Clean equipment 

A pre-requisite to the successful application of a NME stabilising agent is the use of 

thoroughly cleaned equipment. Although contractors are made aware of this aspect, it is 

almost without exception, found that the first day of operations present problems with 

the use of equipment containing residue from previous operations. The or-

gano-functional silane-modification to a stabilising agent is a re-active agent that will 

react with any residue left in a water-bowsers, etc. from previous operations. It has be-

come the norm to expect reactions (as shown in Figure 6) questioning the quality of the 

stabilising agent when the NME stabilising agent is added to uncleaned water-bowsers 

resulting in the formation of “blobs” or sticky substances of bituminous materials that are 

unusual. In order to prevent such fist day occurrences it is recommended that equipment 

be inspected before being used on site for NME stabilisation purposes. Figures 6(a and b) 

show some results of pre-inspections done on “clean” equipment. 
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Figure 5: (a) Arriving on site of material compatible anionic NME stabilising agents on site in 1000 litre flow-bins; (b) 

Flow bins containing a high-quality anionic NME stabilising agent exposed to high daily temperature conditions ex-

ceeding 35°C, showing no separation or an increase in measured viscosity for periods exceeding 4 months; (c) NME 

stabilising agent delivered to construction water in water-bowser by lifting the flow-bit above the water-bowser and 

using gravity; (d) NME stabilising agent delivered to site in bulk tankers 
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Figure 6: (a and b) Typical examples of residue and state of equipment found during the pre-inspection of “clean” 

equipment of contractors for use for the stabilisation of granular materials using an anionic NME stabilising agents; (c) 

Typical example of an anionic NME stabilising agent that has been added to the construction water-bowser containing 

residue from previous operations resulting in a re-action with the residue, resulting in an unusable “blob” of bitumi-

nous material 
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6. Common Construction Operations suitable for the stabilisation of granular materials 

using NME Stabilising Agents with Granular Materials 

6.1. General  

The construction of highways, rehabilitation of existing roads or the upgrading of 

rural gravel roads using in-situ materials stabilised with an anionic NME stabilising 

agent, lends itself towards the utilisation of a full complement of construction methods. 

Depending on the specific requirements (over and above the designed material 

end-product specifications) and needs of the Implementing Agency or the Funding 

Agency, the pavement structure and surfacing can be done using any of:  

• Fully mechanised, high-accuracy, centralised mixing plants together with 

high-accuracy placement with laser-controlled paving equipment; 

• Sophisticated recyclers equipped with mini-computers to control the application of 

the stabilising agent; 

• Conventional equipment consisting of basic water-bowsers, graders for mixing and 

compaction equipment able to meet the basic density specifications, or 

• Construction procedures aimed at the maximisation of labour-enhanced construction 

methods together will suitable compaction equipment. When requiring la-

bour-intensive construction operations, a mixture of suitable equipment with a high 

labour content together with specific applicable design options (e.g. type of surfac-

ing) usually proves to be the most cost-effective. These requirements are usually a 

function of external requirements [18]. 

The construction methods mentioned above for road construction are nothing new. 

However, the applicability of these different construction methods becomes of im-

portance when the industry is faced with the introduction of new technologies. Recent 

(over the last 5 years) experience has addressed this very issue when contractors at-

tempted claims on the basis that NME stabilisation required specialised equipment not 

foreseen or specified, for the successful stabilisation of granular materials using a NME 

stabilising agent. For this very reason, it is important to document actual projects using 

the various construction methods where NME stabilisation with traditionally categorised 

“marginal” or “unsuitable” granular materials have successfully been executed, meeting 

all engineering requirements.  

It is important to note that all the examples shown and implemented have been 

preceded by a design procedure addressing the technical and non-technical requirements 

of a specific road [e.g. 22,26] which may or may not influence the construction process to 

be adopted. Depending on these needs and following a scientifically based materials de-

sign procedure [6], based on fundamental principles [12,13], a life-cycle cost comparison 

of applicable options, incorporating probabilistic theory [29], enabled the designer to 

recommend the most cost-effective applicable option for implementation. In compliance 

with the approved design, project-specific Terms of Reference (TOR) and Bill Of Quanti-

ties (BOQ) and project-specific special provisions were compiled for open-tender pro-

cesses. These documents were used by contractors to determine the most cost-effective 

equipment to utilise and submit tenders based on the requirements of a specific contract.  

With high rates of unemployment in developing countries being a major factor, ex-

ternal influences often require bulk infrastructure programmes to address projects with 

the emphasis on the provision of opportunities for employment and the creation and 

development of small enterprises. In such cases, it is recommended that the Implement-

ing Agency adjust policies in order to sign separate session agreements with material 

suppliers and equipment rental agencies for direct payment by the Implementing 

Agency. The BOQ should be adjusted to require emerging contractors to price works 

based on the execution of the works only. Tenders for material suppliers should be based 

on end-product specifications, requiring suppliers to meet specified minimum require-

ments in terms of stability of stabilising agents and meeting minimum engineering 

end-product criteria using the available materials as supplied. Allowance should be 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 23 December 2021                   doi:10.20944/preprints202110.0181.v3

https://doi.org/10.20944/preprints202110.0181.v3


 

made for suppliers to have access to materials to design and optimise material compati-

ble stabilising agents [6,27]. In the case of labour enhanced construction methods, ade-

quate provision should be included for experienced supervision of the works, with per-

sonnel able to accommodate technology transfer as part of their duties. 

Construction equipment successfully used on actual projects for the construction of 

NME stabilised granular material pavement layers are discussed in the same sequence 

identified above, starting with the use of centralised mixing plants and constructing a 

base layer of a multi-lane inter-city highway using a laser-controlled paver within a tol-

erance of 2 mm. The practical implementation and discussions of these construction 

methods and related equipment, involves some considerations with regard to the ad-

vantages and disadvantages associated with the methods and equipment. 

6.2 Central plant mixing and construction of pavement layers using paving equipment  

As discussed previously, the use of marginal materials and stabilisa-

tion/enhancement thereof is not restricted to lower-order roads. The use on crushed stone 

materials protected by the addition of small percentages of an anionic NME can be bene-

ficial both in terms of durability (prevention of in-situ chemical decomposition) as well as 

the energy required to achieve the specified high levels of compaction [21,22,23]. Natu-

rally available granular materials stabilised with a material compatible anionic NME 

stabilising agent as per a scientifically based materials design process can also, with rela-

tive ease, meet the design requirement for inter-city and other highways, designed to 

carry relatively high traffic loadings as shown in Figure 1 [21] in association with Figure 2 

[6]. These roads are associated with a high required constructed riding quality, ideally 

suited for the construction using equipment able to deliver these requirements at a low 

risk to contractors.  

The example shown involves the use of a central computerised mixing planet (Fig-

ure 7(a)) to prepare the granular material mixed with the construction water and an an-

ionic NME stabilising agent. The central mixing plant automatically mixes the granular 

material (in this case a G5/6 material – refer Figure 1) with a high degree of accuracy with 

the anionic NME stabilising agent (in the example - 1.2 per cent (containing about 0.7 per 

cent residual bitumen)) pre-mixed with the construction water to be delivered to trucks 

for transportation to the road under construction (Figure 7(b)). The water added to the 

mix should take into account any loss of moisture that may occur during the transporta-

tion of the mix to the construction site and the construction of the layer. In cases of a long 

haulage distance and/or high temperatures a standard procedure of coverage of the 

pre-mixed material is recommended to minimise the loss of moisture through evapora-

tion. 

On this specific project, the sub-base was constructed using the same granular ma-

terial, stabilised with 0.7 per cent anionic NME (± 0.4 per cent residual bitumen) using 

conventional equipment (to be demonstrated). Note the curbs put in place for the in-

ter-city freeway that are being constructed. Figures 7(b) and 7(c) show the delivery of the 

NME mixed granular material prepared in the central plant for placement by paver with 

the various compaction rollers ready for the compaction of the 150 mm thick base layer 

(the small roller is used for compaction for next to curb, with the smooth drum vibratory 

roller ensures that the required density is achieved in combination with the pneumatic 

wheel roller to achieve the required pavement surface texture). Figures 8 (a to c) show the 

compaction of the base layer and the final finishing of the base-layer achieved. The hy-

drophobic nature (water repellent characteristics of the anionic NME stabilisation of the 

base layer) is shown by the speed at which the moisture is effectively repelled from the 

layer.  
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Figure 7: (a) Central mixing plant, mixing the granular material with the required construction water containing the 

anionic NME stabilising agent, for transportation to site; (b) delivering material in paver; (c) compaction of base layer 
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Figure 8: (a) Compaction of base layer behind paver; (b) Final compaction with pneumatic roller to a high level of tol-

erance; (c) achieved base texture with G5/G6 material with 1.2 % anionic NME stabilising agent (0.7 % residual bitu-

men) 
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One week after construction of the base and sub-base (both exposed with no prime 

or surfacing was severely tested by nature. Within 48 hours more than 200 mm of rain 

was reported on site with the sub-base (Figure 9(a)) and base (Figure 9(b)) representing 

rivers. The general consensus among seasoned contractors, consultants and the client 

were that the pavement layers would have been damaged to such an extent that recon-

struction would be inevitable. However, after drying of the pavement layers, no damage 

was noted (Figure 9(c)). It is worth noticing that under similar conditions, experience  

dictates that with a crushed stone, cement treated or normal emulsion treated unpro-

tected layers, reconstruction of the base layer would, to all expectation, have been re-

quired due to extensive water-related damage. 

 

Figure 9: One week after placement of base (1.2% NME – 0.7% residual bitumen) and the exposed sub-base (0.7% NME 

– 0.4% residual bitumen) – 200 mm of rain fell with (a) the sub-base layer, and (b) base layer representing rivers; (c) 

after drying no water related damage could be observed  
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6.3 NME stabilisation using recycling equipment 

Centralised, computerised mixing equipment is generally not reliably available in 

most countries throughout the world. However, this does not exclude the use of anionic 

NME stabilised naturally available materials from being used for the construction of 

highways or, for that matter any other road. NME stabilisation lends it towards road 

construction using basically any construction equipment. The finishing achieved using 

basic equipment is normally a function of the training and skills of the operators. The use 

of sophisticated equipment in road construction normally just simplifies operations and 

lends itself towards the higher productivity and reduced construction periods. The use of 

modern recycling equipment can also be classified in the same category of equipment. 

Experience has shown that it is not unusual to stabilise a 1 km length, 10 m wide section 

of road with an anionic NME stabilising agent and finish compaction within a single day. 

These production rates are achievable when all related logistical aspects are well planned 

and in place. 

The NME stabilising agent is easily added to a water-bowser, using gravity as 

shown in Figure 5(c). The water-bowser should already contain the required construction 

water for the section of road, taking the volume of material into account as per previous 

discussion. The anionic NME stabilising agent will automatically disperse into the con-

struction water to create a uniform mix for immediate use at ambient temperatures. No 

preheating of a quality anionic NME stabilising agent will be required for temperatures 

above freezing. The water quality could influence the stabilisation process and normal 

water construction quality requirement normally specified for any other type of road 

construction is also applicable to NME stabilisation. 

In order to control application rates using recyclers for the mixing of the construc-

tion water premixed with the NME stabilising agent, the recycler should be equipped 

with microprocessors which will regulate the application of the stabilising agent with the 

speed of travelling. These requirement are standard with most manufacturers of modern 

recyclers, which also allows for the depth of stabilisation to be controlled with high de-

gree of accuracies. However, few recycler manufacturers used to have these automatic 

controls and it is still recommended that these basic requirements for recyclers should be 

written into project-specific specifications in order to pre-empt and prevent any con-

struction related dispute as to minimum equipment requirements. 

Figure 10(a) show the use of a recycler for the mixing of stabilising agent and con-

struction water with the granular material on the same highway depicted in Figures 7 

and 8. Note the uniformity of the mix at the back of the recycler, showing the good 

working order of the recycler with all nozzles fully in operation and no problems associ-

ated with the mixing drum or the supply of the NME stabilising agent pre-mixed with 

the construction water. Figure 10(b) show the construction train used in the mixing and 

compaction of a full width of a secondary road using an anionic NME stabilising agent. 

The use of recycles for the in-situ recycling and stabilisation of distressed roads us-

ing material compatible anionic NME stabilising agent, are especially a cost-effective 

procedure for the quick reinstatement of roads with the minimum disruption to traffic 

and inconvenience to property owners in urban areas. Figures 11 and 12 show the reha-

bilitation of a severely distressed urban road through the in-situ recycling of the 

G7–quality base material, mixed with the remainder of the surfacing material. The use of 

a recycler enabled a total of 6 km’s to be recycled and stabilised within 2 weeks. With 

only a quick drying anionic diluted NME prime as protection, the road remained open 

for almost two months over the summer holidays before placement of a 30 mm thick, 3 

per cent Sasobit® modified asphalt surfacing as shown in Figures 13 and 14. 

It should be noted that the use of the NME stabilising agent required: 

• No cement to be pre-spread as per normal emulsion stabilisation with a saving in time 

and risk under windy conditions; 

• Resulted in the accelerated drying and opening of the road to local traffic, and  

• Little damage to the base layer over a period of two months with only a material 

compatible prime as a protective layer. 
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Figure 10: Mixing of the anionic NME stabilising agent using a recycler with a fitted micro-processor which controls 

the application of the NME stabilising agent pre-mixed with the construction water (a) Inter-city highway; (b) Up-

grading of urban road 
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Figure 11: (a & b) Rehabilitation of a severely distressed urban road; (c & d) mixing the surfacing with the in-situ G7 

quality base material with 1.0 % NME material compatible stabilising agent within the construction water and com-

paction to be opened to local traffic the same day  
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Figure 12: Recycled road with NME stabilisation opened to local traffic to provide access to houses – with no protective 

prime or surfacing added (note the same pink painted façade of the same house shown in Figure 11(a))  

6.4 NME stabilisation using conventional mixing equipment (water-bowser and grader) 

6.4.1 General 

In the absence of any centralised mixing equipment and recycling equipment, tradi-

tionally used construction equipment generally used for the construction of granular 

road pavement layers, are just as suitable for NME stabilisation of naturally available 

materials. This traditional operations are equally applicable to the construction of high-

ways, to secondary roads as well as the upgrading of gravel roads. No compromising of 

standards will be sacrificed by using traditional road construction equipment. As always, 

the final product delivered will be a function of the training and operational skills of the 

operators operating the various different pieces of equipment used to construct the road 

pavement layers. The use of conventional equipment on the various category of roads to 

the applicable standards is demonstrated through examples taken from highways to 

secondary roads to local access roads requiring a relatively low LOS. 

6.4.2 Construction of multi-lane dual carriageway highways 

The construction of the sub-base of the multi-lane highway shown in Figures 7 and 8 

(using a centralised mixing plant) and Figure 10(a) (using a recycler) for the construction 

of the NME stabilised base layer, was constructed using conventional traditional road 

construction equipment, i.e. a: 

• Water-bowser containing the anionic NME stabilising agent pre-mixed with the cal-

culated construction water; 

• Normal graders for the mixing and final cutting of the levels of the layer, and  

• Conventional compaction equipment. 

The construction of the sub-base layer of the dual carriageway with 0.7 per cent 

(about 0.4 per cent residual bitumen) of a G5/6-quality material (refer Figure 1), using 

conventional construction equipment is shown in Figures 14 and 15. The anionic NME 

stabilising agent is pre-mixed with the calculated construction water as demonstrated in 

Figure 21. Of specific note after construction of the first road section, is the comment 

made by one of the grader operators, he thought the new-technology application would 

be difficult, but “the process is nothing more than the construction of a normal granular 

layer using dirty water”.  
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Figure 13: (a) Hand application of a quick drying anionic diluted NME prime coat to protect the base before application 

of the surfacing; (b) applying of a tack coat 2 months after construction of the base layer (opened to traffic); (c) applying 

of the surfacing – note the little damage to the base layer after two moths open to traffic during the holiday and rainy 

season 
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Figure 14: The sub-base granular material is spread along the section to be stabilised and compacted allowing for the 

compaction factor; (a) the water-bowser containing the anionic NME pre-mixed with the required construction water is 

starting with the spraying of the NME mix; (b & c) the water bowser is closely followed by graders that are mixing the 

NME stabilising agent dissolved in the construction water over the pre-determined length and width of the road to be 

stabilised; (d) due to the turning movements and continued process of spraying and mixing, the construction of a sec-

tion of road using conventional equipment is considerably more time consuming compared to the use of central mixing 

plants with paving equipment or with recycling equipment 
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Figure 15: Compaction of the layer with the anionic NME mixed into the layer using conventional equipment; (a) 

using a sheep-feet roller; (b) followed by a vibratory steel-drum roller and a pneumatic roller to create a smooth 

surfacing; (c) a small percentage of the NME mix is retained in the tanker as an enrichment of the top of the layer 

before final compaction (note that similar to normal emulsion stabilisation, clean water should not be sprayed onto 

the layer) 
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The following aspects is of importance to note when using conventional equipment 

for the NME stabilisation of granular materials: 

• Material of a quality not previously considered for use in the base and sub-base lay-

ers as a function of the required bearing capacity can successfully be stabilised 

meeting all the engineering requirements in terms of density and specified UCS (dry 

and wet) and ITS (dry and wet); 

• Compaction effort is considerably less than that required for the construction of an 

equivalent granular layer – the modified stabilising agent act as a lubricant, resulting 

in the orientation of the granular layers into a firm, stabilised layers with ease; 

• The general perception among construction practitioners that it is impossible to 

achieve a uniform mix using emulsion percentages as low as 0.7 per cent in the con-

struction of a 150 mm thick pavement layer is not applicable when using a NME 

stabilising agent – the modification effectively adds a second emulsifying agent to 

the production process resulting is a reduction of bitumen particles within the 

emulsion, resulting in a mix that is easily dispersed within the construction water 

and will effectively result in a uniformly stabilised layer, and 

• No curing of a NME stabilised layer is required, considerably reducing the risk as-

sociated with cement-treated layers. 

The cut through and across the layer construction of the sub-base of the dual car-

riageway with 0.7 per cent (about 0.4 per cent residual bitumen) of a G5/6-quality mate-

rial, using conventional construction equipment is shown in Figure 16. The evenly dis-

tributed NME stabilising agent is clearly seen as indicated. This layer is the same 

sub-base constructed as shown in Figures 14 and 15.  

 

Figure 16: Cut through the stabilised sub-base constructed using a water-cart for distribution of the 0.7% anionic NME 

stabilising agent added to the construction water, mixed by grader and compacted 
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6.4.3 Construction and upgrading of a secondary road rural road 

The process for all category of roads using conventional equipment is similar in 

nature as described under the previous sections. In this example material was also im-

ported on a compacted in-situ prepared road-bed. Material of a G7-quality (refer Figure 

1) was used to construct a single 150 mm thick layer on top of the prepared base layer. 

Only one grader was used in the mixing of the material. The construction process and 

condition 6 years after completion of this secondary road are shown in Figure 17. 

6.4.4 Construction and upgrading of a local access to farms and villages/townships using 

in-situ materials 

The depth to which the in-situ materials need to be stabilised, is determined during 

the structural design process for the different material sections identified along the length 

of the road as per detailed design method [6,27]. Independent of the requirements and 

decisions with regard to the level of labour-intensive construction to be implemented, the 

following basic steps need to be followed shown in Figure 18: 

• The in-situ material needs to be ripped to the required depth; 

• Over-size material (usually more than 1/3 of the thickness of the layer) needs to be 

removed – this can be done manually and the stone used for the protection of drain-

age facilities, if required; 

• The ripped material needs to be windrowed, enabling the layer below to be com-

pacted to the minimum required Dynamic Cone Penetrometer (DCP) penetration 

levels required for the layer at that depth within an applicable climatic zone (Appen-

dix C and D in Reference 27). This process will also ensure that the material to be 

stabilised is constructed to the correct thickness. DCP-DN values as per recom-

mended design method [27], can be used for quick and easy quality control for the 

compacted layer on which the stabilised layer is to be constructed; 

• The material can either be mixed with the stabilising agent by hand and transferred 

back onto the compacted layer or transferred back and mixed using conventional 

equipment such as a grader and water cart with compaction equipment. Compaction 

for Category D and E roads [27] can be achieved using small pedestrian-type con-

struction equipment to achieve the required densities. For Category D and E roads, 

the densities can quickly and easily be determined using the DCP equipment to 

evaluate the required DCP-DN values for that specific layer [27]; 

• The top of the base-layer should be treated with an anionic silane modified 

nano-polymer to ensure that a firm base-layer is achieved with a high-water re-

sistance and protection against any possible damage, especially if it is to be opened to 

traffic before the surfacing is applied. For Implementing Agencies requiring a “natu-

ral” soil look to an upgraded gravel road, a second application of the anionic 

silane-modified nano-polymer is recommended. The anionic silane-modified 

nano-polymer can easily be applied by hand or sprayed by water-cart onto the fin-

ished base layer. Suitable application rates for the treatment of the base layer should 

be determined using trail sections. An application of 2 l/ m2 of a diluted treatment (as 

per supplier recommendation) is suitable for the priming of an unstabilised 

base-layer. Stabilised base-layers will normally require a lesser application rate, and 

• A suitable surfacing can be applied using mostly hand mixed materials such as slur-

ries, sand seals and for a more durable surfacing, even a NME binder Cape seal [19], 

using labour intensive construction options illustrated in Figures 19 and 20.. 

An example of the construction of pavement layers using an anionic NME stabilis-

ing agent for the upgrading of tertiary access roads are shown in Figure 21. The slurry 

application by hand can be done similar to that shown with the Cape seal, without the 

single seal, using a NME binder to provide a water-resistant, cost-effective protection to 

lower-order roads. 
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Figure 17: (a) Water-bowser with construction water and anionic NME stabilising agent; (b) Single grader used for 

mixing of the anionic stabilising agent pre-mixed within the construction water; (c) Compaction and cutting of final 

layer levels; (d) Condition of the compacted layer prior to applying a tack-coat and surfacing; (e) Condition of the 

surfaced road 6 years after completion 
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Figure 18: (a) Ripping by grader and (b) scarifying of in-situ material using a rotavator to loosen material to the re-

quired depth and expose oversized material for removal by hand; (c) Ripping of layer to create layer depth exposure 

for ease of application of the construction water diluted anionic NME stabilising agent (d) mixing of the NME stabi-

lising agent in a rudimentary water tanker (e) Spraying of the diluted NME onto the exposed material for easy mixing; 

(f) mixing of material and cutting to level for compaction; (g) Compaction of the NME stabilised base material using 

hand compactors; (h) Applying a prime coat by hand sprayer 
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Figure 19: Labour-intensive road-side manufacturing of the slurry mix for a modified Cape seal using an anionic NME 

binder 
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Figure 20: Labour-intensive construction of a modified Cape seal using an anionic NME binder with the slurry mixed 

on site next to the road 

 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 23 December 2021                   doi:10.20944/preprints202110.0181.v3

https://doi.org/10.20944/preprints202110.0181.v3


 

 

Figure 21: Upgrading of a local access road with (a) and (b) showing the sandy/slippery/muddy conditions prior to 

upgrading; (c) 100 mm in-situ stabilisation with an anionic NME stabilising agent and (d) with an ultra-thin fi-

ne-graded asphalt surfacing (specified by client) 
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7. Conclusions 

Granular materials traditionally classified as marginal in terms of use on various 

road categories, stabilised and improved by using material compatible nanotechnologies 

in the form of New-age (Nano) Modified Emulsions (NME), have been tested and eval-

uated over a number of years in laboratories and in practice using Accelerated Pavement 

Tests (ATP). Scientifically based material design methods, based on the mineralogy of the 

granular materials, have been developed to ensure that potential risks associated with the 

introduction of new technologies are minimised, if not eliminated. From all the evidence 

produced, there is little doubt that the introduction of the NME nanotechnology products 

can considerably reduce the unit costs of the provision and construction of road infra-

structure.  

However, the acceptance and roll-out of new technologies in the provision of bulk 

infrastructure need to be accepted by the construction industry. Examples have already 

been experienced with contractors trying to exploit the concept of “new technologies” as 

the basis for claims to conceal poor workmanship, equipment related problems or just 

lack of adequate construction management. For this reason alone, it is important to 

document the use of NME stabilising agents in practice used in combination with the 

most advanced to the very basic conventional road construction equipment. It is also 

shown that the introduction of NME stabilising agents lends itself to projects with in-

creased levels of labour-intensive construction methods ideally suited for use in devel-

oping areas of the world faced with high levels of unemployment.  

Any new technology introduced into the construction industry must be shown to be 

reliable, be used at an acceptable risk without considerable advanced capital investments 

in new equipment and be resilient in the face of unforeseen problems. No construction 

site is without problems and the introduction of new technologies can often be used as 

the reason for failures, especially if any uncertainties exist as to the behaviour character-

istics of these new technologies in practice during construction. The examples discussed 

in this article aims to counteract such possibilities through the demonstration of the ease 

of use of NME stabilising agents, highlighting several advantages over the use of tradi-

tionally used stabilising agents. Actual projects covered, using granular materials pre-

viously considered as of unacceptable quality, includes roads varying from highways to 

the upgrade of local access roads and the in-situ rehabilitation of urban streets. . Some of 

these advantages include the: 

• Effective use of granular materials previously considered to be of unacceptable quali-

ty; 

• Enabling the use of small percentages of residual bitumen (e.g. 0.4 per cent) to effec-

tively stabilise granular pavement layers using conventional equipment, meeting all 

engineering specifications in terms of UCS, ITS and retained strengths (hydrophobi-

city) with no extra effort – at application rates generally deemed by road construction 

practitioners to be “ impossible” to achieve uniformed mixes in pavement layers of a 

thickness of 150 mm; 

• Achieving compaction destinies using considerably less effort and energy with asso-

ciated cost savings; 

• Achieving high-quality base surface finishings, meeting riding quality specifications 

with ease – surfacings suitable for the placement of durable thin surfacings such as 

chip seals or even better, NME modified binder Cape seals with increase resistance to 

water penetration and related problems and hence, improved durability; 

• Proven resilient water-repellent characteristics that has not been previously experi-

enced with any other unprotected granular-based material; 

• Construction using NME stabilised materials results in cleaner equipment with less 

problems associated with blockage due to the smaller particle sizes of the binder and 

the fact that the binder has been modified to adhere to granular materials – even per-

sonnel will experience less problems with binders contamination (sticking to skin) 
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(provided the equipment is clean at the start of construction with no residue from 

previous projects with which the modifying agent can react); 

• Stabilisation of the granular materials using a high-quality NME agent can be done at 

ambient temperatures requiring no heating with less potential safety risks to person-

nel, and 

• Utilisation of high-quality approved NME stabilising agents approved according to 

fundamental requirement as previously identified and referred to, will exclude any 

possibility of toxicity and negative environmental impact through a fundamental 

process of product evaluation and approval in terms of chemical analytical scrutiny, as 

a result of the scientific basis on which the NME technology is based. 

In summary, the NME stabilisation of granular materials for the construction of roads are 

shown to be: 

• Construction friendly; 

• Equipment tolerant; 

• Cost-effective; 

• Environmentally friendly, and 

• Non-toxic and safe to construction personnel. 
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