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TERMS OF REFERENCE 

 

This project was commissioned by Agrément, South Africa, to initiate the development of 

a “fit-for-purpose” certification system for unsealed road additives. 

 

The following terms of reference were identified: 

 

·  Categorise the unsealed road additives currently available in southern Africa. 

·  Define criteria that could be used by Agrément, SA to certificate unsealed road 

additives. 

·  Propose and/or develop laboratory test methods for the evaluation of the criteria 

and compare with field performance. 

·  Recommend minimum acceptance criteria for road additive performance. 

·  Prepare a procedure for assessment 

 

 

 

DISCLAIMER 

 

1. This report is the property of the sponsor and may be published by them provided that: 

 

i) The CSIR is acknowledged in the publication. 

ii) It is published in full, or where only extracts therefrom or a summary or an 

abridgement thereof is published, the CSIR’s prior written approval of the extracts, 

summary or abridged report is obtained. 

iii) The CSIR be indemnified against any claim for damages which may result from 

publication. 

 

2. The CSIR will not publish this report or the detailed results without the sponsor’s prior 

consent.  The CSIR is, however, entitled to use technical information obtained from the 

investigation but undertakes, in doing so, not to identify the sponsor or the subject of this 

investigation. 

 

3. The contents of this report may not be used for purposes of sale or publicity or in 

advertisements without the prior written approval of the CSIR. 

 

4. The opinions concerning any soil additives in this report are based on laboratory and field 

evaluations and interviews with practitioners who have used the additives.  The CSIR 

retains a neutral position and does not stand to gain from any discussion or 

recommendations made in this report. 
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1. INTRODUCTION 

1.1. Background 

There are over 500 000 km of unsealed roads in South Africa managed by a number of 

different authorities.  Unacceptable levels of dust, poor riding quality and/or impassability 

in wet weather are experienced on much of this road network. 

 

Over the last 25 years, numerous soil additives in the form of chemical dust palliatives, 

compaction aids and stabilizers have been introduced to the road industry, which 

manufacturers claim will reduce both dust and maintenance on unsealed roads or 

improve the material properties to a point that the road can be sealed.  The level of 

research and usefulness of the findings differs from additive category to additive category 

- numerous small ad hoc studies have been undertaken on calcium and magnesium 

chlorides, lignosulfonates, tars, bitumens and sulfonated oils.  Very little work has been 

carried out on other potentially useful and cost-effective additives such as waxes, 

synthetic polymer emulsions, enzymes and other biological agents.  In all of these 

investigations, including those undertaken by the South African road authorities, the 

methodology mostly entails an ad hoc laboratory investigation, usually on one material 

type using standard laboratory tests (which were not developed for treated materials), 

followed by a field trial.  This is usually done on one road, which is subjectively monitored 

until the effects of the additive are no longer apparent (eg dust suppression).  

Rejuvenation requirements and techniques are usually not considered.  Reporting is 

based on the observations made, the recommendations and conclusions are usually 

applicable only to the material and road on which the experiment was conducted, and 

very little, if any, scientific interpretation of the results is provided (ie what attribute 

caused failure or led to success).  In many instances, failures that could have been 

related to incorrect application techniques or to application on unsuitable materials were 

unfairly attributed to poor performance of the additive.  

 

No effort has been made to quantify the benefits and cost-effectiveness of additives over 

longer periods of time (eg five years) and only limited attempts have been made to 

compare the performance of treated roads with untreated roads.  Only limited information 

on material requirements and application techniques is available, while there is little 

performance related information on rejuvenation.  Most of the international research has 

been carried out in the northern United States, Canada and Europe, all of which 

experience short dry seasons and low winter temperatures.  The results are thus not 

particularly suited to South African conditions. 
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This lack of understanding has resulted in general scepticism among the roads industry 

regarding the use of road additives.  The situation is aggravated by poor marketing, with 

many sales representatives having no engineering background, little understanding of the 

roads industry and insufficient knowledge to provide adequate technical backup. 

 

Discussions with road authorities and consulting engineers indicated that “fit-for-purpose” 

certificates for additives, issued by an independent certification body would contribute to 

confidence in their use.  A certification system would also encourage suppliers to conduct 

appropriate research.  Agrément South Africa initiated the development of this system.  

The procedure documented in this report is the culmination of the study. 

 

 

1.2. Development of a Fit-for-Purpose Certification System 

The fit-for-purpose certification system has been developed in four phases: 

 

·  Phase I (Report CR-2002/32)1 

o Background to the use of additives on unsealed roads 

o A listing and discussion of the various additive categories 

o An introduction to unsealed road additive certification 

·  Phase II (Report CR-2002/32)1 

o Development and validation of control tests for certification 

o Setting of tentative limits for abrasion and erosion loss and strength 

improvement 

·  Phase III (Report CR-2003/34)2 

o Comparison of control test results with field performance 

o Refinement of the limits for abrasion and erosion loss and strength 

improvement 

·  Phase IV (This report) 

o Preparation of a detailed procedure for certification 
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2. AGREMENT SOUTH AFRICA 

The Board of Agrément South Africa was established in 1969 by the Minister of Public 

Works as an objective, independent agency to serve the building and engineering 

communities in providing assurance to specifiers and users via technical approvals for 

the fitness for purpose of non-standardised and/or unconventional construction products. 

 

Agremént South Africa is a member of the World Federation of Technical Assessment 

Organisations (WFTAO), to which 23 countries belong. 

 

The word Agrément means consent in French. 

 

 

2.1. Roles 

2.1.1 Agrément South Africa  

Agrément evaluation and certification becomes relevant during the development phase of 

products when, through technical evaluation of prototypes, Agrément can indicate to 

entrepreneurs whether their products will be fit-for-purpose.  

 

Agrément©s role is strongest during the introduction to market phase when its certificates 

provide entrepreneurs with the instruments they need to demonstrate their product©s 

suitability for specified uses, while at the same time providing the user with the necessary 

independent, objective information and advice on the product©s characteristics, benefits 

and limitations.  

 

An integral part of Agrément evaluation and certification is an assessment of the 

manufacturer©s quality management system.  The application of the quality management 

system is monitored regularly after an Agrément certificate has been granted, either by 

Agrément personnel or others acting as Agrément©s agent. 

 

As the product enters the market acceptance and growth phase, Agrément©s role may 

diminish and may be taken over by the SABS.  Typically once there are several 

manufacturers producing a similar product, there is a growing need to develop a standard 

for the product covering its manufacture, materials used in production and quality 

procedures.  The usual process followed by the SABS is to establish a committee 

comprising interested parties to draft such a standard.  The experience and knowledge 

gained by the developed, research organisation and Agrément during the earlier 

development phases may now be used as technical input in formulating the standard.  
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2.1.2 South African Bureau of Standards (SABS)  

As described above, the SABS©s role generally starts at the market acceptance and 

growth phase and becomes the dominant role in the ongoing market as conventional 

product phase when the SABS Listing and Mark Schemes provide the entrepreneur with 

an image of quality and reliable source of quality assurance.  

 

 

2.2. Certification 

An Agrément certificate is a technical document that: 

 

·  Summarises the assessed performance of the subject  

·  Lists the uses for which the product©s fitness for purpose has been assessed,  

·  Lists conditions and requirements to be met if the assessed performance in use 

is to be attained 

 

 

2.3. Certification Process 

The general Agremént certification process is illustrated in Figure 2.1. 

 

 

2.4. Further Information 

Further information on Agremént South Africa and the WFTAO can be obtained from the 

Agremént website at www.agrement.co.za 
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Figure 2.1:  Agremént Certification Process 
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3. TYPES AND PROPERTIES OF ADDITIVES 

Numerous additives are available for dust palliation, improved compaction and 

stabilization of unsealed roads.  Most of these bind the fine particles together without any 

significant chemical reaction occurring in the soil, although certain additives will only 

perform once a chemical reaction has occurred.  A number of additives are material 

and/or climate dependent and costs vary significantly.  It is therefore important that the 

bonding nature, limitations and life-cycle costs are investigated and their performance is 

understood before widespread use is considered. 

 

In order to facilitate research, product niching, technology transfer, selection of an 

appropriate additive for particular conditions and certification, additives have been divided 

into categories and sub-categories, based primarily on their function and chemistry3 

(Table 3.1). 

 

Table 3.1:  Road additive categories 

Category Sub-categories Examples 

Dust 

palliatives 

Water and wetting agents 

Hygroscopic salts 

Natural polymers 

Synthetic polymer emulsions 

Modified waxes 

Petroleum resins  

Bitumen and Tar 

Other 

Teepol 

Calcium, magnesium or sodium chloride 

Lignosulfonate, molasses, tannin extracts 

Acrylics, vinyl acetates 

Waxes from Sasol’s Fisher-Tropsch process 

Blend of natural polymer and petroleum products 

Prime, bitumen emulsion, cutback bitumen 

Industrial wastes 

Compaction 

aids and 

stabilizers 

Synthetic polymer emulsions 

Sulfonated oils 

Enzymes and biological agents 

Bitumen and Tar 

Acrylics, vinyl acetates 

- 

- 

Prime, bitumen emulsion, cutback bitumen 

 

 

3.1. Dust Palliatives 

3.1.1 Water and Wetting Agents 

Water is probably the most commonly used dust suppressant, especially on mines and 

on industrial sites where it is an effective means of disposing of contaminated water.  

Surfactants are occasionally added to reduce the surface tension and allow more rapid 

distribution of the water through the soil.  However, in many instances evaporation results 

in regular applications being necessary to maintain the required level of dust control. 
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3.1.2 Hygroscopic Salts 

These additives, which include calcium chloride, sodium chloride and magnesium 

chloride, absorb moisture from the atmosphere and bind the material particles together, 

thus preventing them becoming entrained by air associated with moving vehicles.   

 

3.1.3 Natural Polymers 

Natural polymers are by-products from the sulfite process commonly used in the pulp and 

paper industries, from tannin extraction, sugar refining and other plant processing 

industries.  Their composition is variable and depends on the vegetable matter and 

chemicals used during processing.  When used as dust palliatives, they physically bind 

the particles of the road together, thus preventing them becoming entrained by vehicles.  

The additives are highly soluble in water. 

 

3.1.4 Modified Waxes 

Modified waxes are manufactured as part of the oil from coal process in South Africa.  

When used as dust palliatives, they bind the particles of the road together, thus 

preventing them becoming entrained by vehicles.  Performance is temperature 

dependent.  Experimentation has revealed that modified waxes have waterproofing 

properties and could possibly be used in conjunction with other additives such as calcium 

chloride and lignosulfonate to improve wet weather performance. 

 

3.1.5 Synthetic Polymer Emulsions 

Synthetic polymer emulsions, or more correctly, polymer dispersions, are suspensions of 

synthetic polymers in which the monomers are polymerised in a dominantly aqueous 

medium.  Numerous formulations have been developed for various soil “conditioning” 

applications, many of which are potentially suitable for dust control, gravel preservation 

and strength improvement on unsealed roads.  A number of products are currently 

available, which “glue” the soil particles together to prevent entrainment by vehicles.  

Strength gains may be achieved, depending on product formulation and application rate. 

 

3.1.6 Petroleum Resins 

Petroleum resins are usually a blend of natural polymers and petroleum based additives.  

They are not manufactured in southern Africa and are currently imported from the United 

States.  They have a similar binding action to natural polymers, but are more resistant to 

leaching by water. 

 

3.1.7 Bitumen and Tar 

Bitumen additives are offered by most petrochemical and bitumen suppliers as part of 

their product line.  Bituminous dust palliatives are generally 80/100 Penetration Grade 

bitumens to which solvents are added.  Products range in price and durability from simple 

spray-on applications that will last approximately four weeks before requiring 



 

CR-2004/45: A procedure for fit-for-purpose certification of non-traditional road additives 6 

rejuvenation, to thicker applications that can be blinded with sand, which perform similarly 

to sand seals and which can last up to three years before requiring rejuvenation.  Tar-

based additives are derived from coal tar or synthetic fuel distillates to which solvents are 

added to improve penetration.  They are used in a similar way to bitumen additives, 

however, tars, in general, are known carcinogens and hence their use could have serious 

health and environmental implications.  Their source, composition and potential 

carcinogenicity should be established prior to considering their use in roads. 

 

3.1.8 Other 

Various chemicals, which cannot be categorised in the list provided above, are introduced 

to the road industry from time to time.  These are usually waste products that are “sticky” 

and which the suppliers believe will act as effective dust palliatives.  Their dust control 

properties are often “discovered” accidentally during spills or dumping in evaporation 

ponds and it is these experiences that form the basis for marketing them as road 

additives. 

 

Waste motor and bunker oils, both of which have been used in the past for dust 

suppression on unsealed roads, are included in this category.  Studies have shown 

significant negative impacts on groundwater and surrounding vegetation3, and therefore 

they should not be used on roads under any circumstances. 

 

 

3.2. Compaction Aids and Stabilizers 

3.2.1 Synthetic Polymer Emulsions 

See Section 3.1.5. 

 

3.2.2 Sulfonated Oils 

These additives contain mostly mineral oils, which have been modified with sulfuric acid 

to form sulfonic acids.  Research has shown that the stabilization process is relatively 

complex and material dependent.  The two properties that potentially make sulfonated 

oils useful in soil compaction and stabilization are their ability to displace and replace 

exchange cations in clay and to waterproof clay minerals by displacing the adsorbed 

water and preventing re-adsorption.  Suppliers claim that the additives improve the 

soaked strength of high plasticity soils and thus their wet-weather passability. 

 

3.2.3 Enzymes and Biological Agents 

These additives lower the surface tension of water, thereby acting as a compaction aid in 

most soils.  It is also claimed that the enzymes extract mineral traces from the soil leading 

to a crystallization process that creates bonds between adjacent soil particles.  This 

improves the soaked strength of the soil and hence wet-weather passability. 
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3.2.4 Pozzolanic and Bituminous Stabilizers 

Pozzolanic (cement and lime), bitumen and tar products have been widely researched.  

Specifications and guidelines on their use in road material stabilization have been 

extensively published and are readily available.  They are generally unsuitable for 

unsealed road treatments, but are widely used in improving marginal materials when 

unsealed roads are upgraded to a sealed standard. 
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4. ADDITIVE CERTIFICATION PROCEDURE 

4.1. Introduction 

The procedure for fit-for-purpose certification of road additives is based on a relative 

performance evaluation methodology, which: 

 

·  Provides potential users as well as manufactures and suppliers with a measure of 

the performance of the submitted additive relative to the performance of a range 

of additives as well as to the standard specifications of conventional additives. 

·  Identifies strengths and limitations of the submitted additive, thereby better 

defining suitable applications 

·  Facilitates judgement regarding the engineering and economical advantages of 

using the submitted additive instead of more conventional products 

 

The certificate is not intended to serve as a formal acceptance or rejection of an 

additive based on an absolute performance evaluation.  It also does not serve as a 

guarantee of performance, nor does it obviate the need to carry out an engineering 

investigation, including material testing, for every project where the use of the 

additive is considered.   

 

4.1.1 Recommended Procedure 

The following procedure for fit-for-purpose certification of road additives is recommended 

(Figure 4.1): 

 

1. Approve application for additive certification 

2. Establish a technical assessment team 

3. Scan background documentation 

4. Complete assessment contract 

5. Assess quality management system 

6. Assess environmental compatibility and validity of the material safety data sheet 

7. Review background research that has been conducted 

8. Review guideline documentation 

9. Carry out control testing 

10. Complete Agremént certification process 

11. Issue certificate 

12. Conduct post certificate monitoring 
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No 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.1:  Summary of recommended certification procedure for road additives 
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No Yes 
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The process can be halted at any stage if the requirements are not satisfied.  The 

applicant can be given the opportunity to provide the necessary documentation or 

conduct additional studies, or the procedure can be terminated if it is unlikely that the 

additive will achieve certification. 

 

 

4.2. Application and Application Approval 

Completion and submission of the application form and fee initiates the certification 

procedure.  The form requires company and additive details, the latter divided into six 

sections namely: 

 

·  Information on the additive and technical support 

·  Research that has been carried out 

·  A description of the manufacturing process 

·  A description of the application process 

·  Details on toxicity and environmental impact 

·  Details on the quality management system 

 

Any documentation that the applicant considers necessary to support the application, 

including additive specifications, manuals, reports, certificates and marketing brochures, 

should be submitted with the application form. 

 

An example of the application form is provided in Appendix A. 

 

Application approval entails assessing the responses on the application form.  

Essentially, the applicant must show in his/her application that product formulation will not 

change and that product development is sufficiently advanced such that an engineer will 

be able to make an informed decision on whether or not to use it.  The evaluator should 

also be confident that the product can be consistently manufactured and that satisfactory 

quality management systems are in place.  Environmental compatibility and safety for 

workers should also be proven. 

 

If the application is approved, the assessor at Agrément should complete the approval 

section on the application form. 
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4.3. Technical Assessment Team 

Once the application for fit-for-purpose certification has been approved, a technical 

assessment team should be formed to assess the documentation provided by the 

applicant and the control test results, and to make a recommendation on certificating the 

additive. 

 

The team should consist of: 

 

·  An Agrément staff member 

·  One or more engineers from a research, consulting or tertiary education facility, 

familiar with the design, construction and maintenance of roads in the class that 

the product is intended for, and who do not have a personal or vested interest in 

any road additive 

·  If possible, an engineer from a road authority who is familiar with the design, 

construction and maintenance of roads in the class that the product is intended 

for, and who does not have a personal or vested interest in any road additive 

·  If required, a chemist who is familiar with the particular category of chemicals in 

which the additive is grouped, and who does not have a personal or vested 

interest in any road additive 

 

 

4.4. Documentation Scan 

This phase entails a brief appraisal of the application form and documentation provided 

by the applicant to ensure that all relevant information has been provided and that it is of 

sufficient detail to justify a more thorough review.  On completion of the scan, the 

evaluators should answer the following questions: 

 

·  Is product development complete? 

·  Is there proof of successful use? 

·  Has a documented comprehensive, scientifically designed laboratory-testing 

programme been carried out? 

·  Has a documented comprehensive, scientifically designed and monitored field-

testing programme been carried out? 

·  Have potential environmental and safety impacts been assessed? 

·  Have comprehensive guideline documents been compiled? 

·  Does the manufacturer/supplier have an appropriate quality management system 

in place? 

·  Is the marketing documentation realistic, truthful and based on fact? 
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If the evaluation panel is satisfied that sufficient credible information has been provided, 

the process can continue.  If not, it should be halted until more comprehensive 

documentation is made available. 

 

A checklist with the above questions is provided in Appendix B. 

 

 

4.5. Assessment Contract 

If the evaluation team is satisfied that the documentation submitted with the application is 

sufficiently comprehensive, then Agremént will prepare a proposal to assess the additive 

and enter into a contractual agreement with the applicant.  Standard Agremént 

procedures are followed during this phase of the process and the details are not included 

in this document. 

 

Once a contract has been signed, the assessment process can proceed. 

 

 

4.6. Quality Management System 

The additive manufacturer must be able to prove that a quality management system is 

followed throughout the manufacture, storage, transport and application of the additive.  

Although a SANS 9001 accredited quality management system is preferable, any 

appropriate system will be considered, and if necessary, guidance will be provided on 

implementing such a system. 

 

Standard Agremént procedures are followed during this phase of the process and details 

are not included in this document. 

 

 

4.7. Environmental Compatibility and Safety 

The additive manufacturer must be able to prove that his/her product is both 

environmentally compatible and safe for workers.  A SANS14001 accreditation for the 

manufacturer and/or supplier would be desirable, but not mandatory. 

 

Environmental compatibility should have been assessed by a Department of Water 

Affairs and Forestry accredited laboratory in terms of the Department’s Receiving Water 

Quality Guidelines.  The relevant documentation from the laboratory summarizing the 

results should be included. 
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An approved Material Safety Data Sheet (MSDS), in standard format, should be included 

with the documentation.  The contents of an MSDS is included in Appendix C.  All 

sections should be completed. 

 

Questions that the evaluation panel should consider include: 

 

·  Has environmental testing been carried out? 

·  Is groundwater pollution addressed in terms of Department of Water Affairs 

Receiving Water Quality Guidelines? 

·  Was the testing done in a Department of Water Affairs accredited laboratory? 

·  Has toxicity to roadside vegetation been assessed? 

·  Is the Material Safety Data Sheet correctly completed and sufficiently 

comprehensive? 

·  Are guidelines provided for the cleaning of application and construction 

equipment? 

 

If the reviewers are not satisfied with the information provided, the procedure should be 

halted until the required information is provided. 

 

A checklist for this stage of the procedure is included in Appendix B. 

 

 

4.8. Background Research 

Ideally, manufacturers/suppliers should have thoroughly researched the performance of 

their additives prior to applying for fit-for-purpose certification.  Sufficient information 

should be gathered from this research to prepare guidelines and/or a manual on the use 

of the additive. 

 

Evidence should be provided to indicate that suitably qualified persons undertook the 

research and that an acceptable protocol was followed (an example of such a protocol is 

provided in Appendix D).  If the additive is being marketed as an alternative to a 

traditional stabilizer (eg lime, cement, bitumen emulsion), then results of comparative 

testing with that stabilizer should be included in the documentation. 

 

Questions that the evaluation panel should consider include: 

 

·  Were the persons conducting the research suitably qualified/experienced? 

·  If students conducted the research, has a suitably qualified/experienced 

supervisor accepted responsibility for the results? 
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·  Has an appropriate research protocol been followed? 

·  Is the experimental design for laboratory testing sufficiently representative and 

comprehensive? 

·  Was a reputable/accredited laboratory used for testing? 

·  Were appropriate tests used? 

·  Were recognised test methods followed? 

·  Was performance compared with untreated samples and, if applicable, samples 

treated with traditional stabilizers? 

·  Is the experimental design for field testing sufficiently representative and 

comprehensive? 

·  Were appropriate monitoring and test methods followed? 

·  Were the experiments monitored for a sufficient period of time and through 

rejuvenation if applicable? 

·  Were test results interpreted with due consideration for the original purpose of the 

test? 

·  Were sound procedures followed in the analysis of the data? 

 

The evaluation panel should consider a site visit to assess field performance and issues 

such as long-term durability and maintainability. 

 

If the reviewers are not satisfied with the research that has been conducted, the 

procedure should be halted until the required information is provided or the required 

testing has been carried out. 

 

A checklist for this stage of the procedure is included in Appendix B. 

 

 

4.9. Guideline Documentation 

The guideline documentation provided with the additive by the manufacturer should be 

sufficiently comprehensive and credible such that a practitioner will be able to make an 

informed decision, based on sound engineering judgement, on whether or not to use the 

additive in a particular application.  Marketing documentation should also be assessed in 

this stage. 

 

A typical table of contents for such a manual would include the following: 

 

·  Introduction 

·  Background information (includes state-of-the-art review of additives in this 

category) 
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·  Technical specifications of the additive and additive properties (includes 

summary of laboratory and field research) 

·  Environmental and safety considerations and special precautions for transport, 

storage and handling 

·  Selection criteria for identification of projects where additive is suitable 

·  Guidelines for economic analysis 

·  Guidelines for design (includes material selection, mix design and structural 

design, climatic limitations, etc) 

·  Construction, application, maintenance and rejuvenation procedures 

·  Quality management procedures 

·  Test methods (if non-standard test methods are used) 

·  Case studies 

·  List of completed reports 

 

The inclusion/exclusion of certain chapters will depend on the type of additive (eg mix 

and structural designs would not be included for dust palliatives, but should be included 

for additives that have been developed to stabilize pavement layers). 

 

Questions that the evaluation panel should consider after reviewing the documentation 

include: 

 

·  Is the guideline documentation representative of the research conducted? 

·  Can an informed decision on whether or not to use the additive be made based 

on the information in the documentation? 

·  Are procedures, models and default values for an economic analysis provided 

and appropriate, and can an accurate cost/benefit study be carried out? 

·  Is the design method appropriate? 

·  Is sufficient information provided to confidently design a road using the additive? 

·  Are material selection and testing criteria compatible with South African 

specifications? 

·  Are modifications to standard methods to accommodate addition of the additive 

provided and justified? 

·  Are additive limitations suitably addressed? 

·  Are construction, application, maintenance and rejuvenation procedures 

adequately detailed and realistic to implement? 

·  Are maintenance and rejuvenation programs provided and explained? 

·  Are environmental and safety procedures included? 

·  Are quality control procedures for product acceptance and application included? 

·  Are marketing brochures truthful and free of misleading statements. 
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If the reviewers are not satisfied with the guideline documentation and/or marketing 

brochures, the procedure should be halted until more suitable documents are prepared. 

 

A checklist for this stage of the procedure is included in Appendix B. 

 

 

4.10. Control Testing 

Although additive suppliers should have conducted detailed background research and 

have appropriate guideline documentation available, control testing should still be carried 

out to verify the manufacturers claims and to assess performance against one or more 

set criteria, depending on the purpose for which the additive is being certificated.  These 

criteria and the associated tests are listed in Table 4.1.  A list of potential additive 

“purposes” and the associated control tests is provided in Table 4.2.  If the purpose for 

which the additive is being certificated does not fit one of these criteria, then tests will 

need to be specifically identified for control testing. 

 

Table 4.1:  Criteria for control testing 

Criteria Test 

Resistance to abrasion 
Resistance to water erosion 
Improved density for same compactive effort 
Sensitivity to moisture  
Increase in shear strength 
Change in plasticity 

Abrasion Resistance 
Erosion Resistance 
Maximum dry density 
Moisture Sensitivity 
CBR and/or UCS 
Atterberg Limits 

 

Table 4.2:  List of “ purposes”  and associated control tests 

Defined purpose Tests* 

Dust control 
Erosion control 
Improved unsealed road performance 
Stabilizer for unsealed roads 
Compaction aid 
Stabilizer for sealed road layers (eg G4, G5)* 
Plasticity change 
Alternative to traditional stabilizers 
Material “waterproofing” 

AR, ER (to assess leaching resistance) 
AR, ER 
AR, ER, CBR 
AR, ER, CBR 
MDD, CBR 
CBR, AL 
AL 
MS, UCS 
MS 

AR: Abrasion resistance 
CBR: California Bearing Ratio** 
AL: Atterberg Limits 
UCS: Unconfined compressive strength** 

ER: Erosion resistance 
MDD: Maximum Dry Density 
MS: Moisture sensitivity 

* Durability will need to be proven in background research.  Additional testing may 
be required 

** CBR and UCS tests are soaked tests 
 

The basis and justification for test selection, test methods and test materials is described 

in associated documentation2. 

 



 

CR-2004/45: A procedure for fit-for-purpose certification of non-traditional road additives 17 

4.10.1 Materials 

All tests, apart from plasticity reduction, should be conducted on both slightly plastic sand 

and a sand/clay blend with the following attributes (Table 4.3).  Plasticity change tests 

need only be carried out on the sand/clay blend. 

 

Table 4.3:  Tentative specification for control material 

Parameter Sand Sand/clay blend 

Maximum size (mm) 
% Passing 0.075 mm 
Plasticity index (%) 

6.7 
20 - 35 
SP - 4 

6.7 
20 - 35 
9 - 11 

SP = slightly plastic 
 

Building sand sourced from a building supplier will typically meet the proposed 

specification for the sand.  It is also readily available, which is important when considering 

wider use of the test and problems associated with sourcing a suitable material from 

borrow pits.  If necessary, the sand can be blended with a small percentage of clay to 

achieve the required properties.  The sand/clay blend should be manufactured by mixing 

building sand and smectite-rich clay from an appropriate source.  Blends in the order of 

70:30 sand: clay should provide the required properties.  If the additive has been 

developed to treat a specific type of clay, then this clay can be used instead of the 

smectite-rich clay, provided that the intended purpose of the additive is clearly stated on 

the application form. 

 

4.10.2 Specimen Size and Preparation 

Specimens of both materials should be prepared according to the requirements listed in 

Table 4.4.  Additive should be mixed into the soil as specified by the manufacturer/ 

supplier.  Reaction times and any associated procedures (ie equilibrating in a sealed bag) 

specified by the manufacturer/supplier should be adhered to. 

 

Specifications for the mould and a detailed specimen preparation method are provided in 

Appendix E. 

 

Table 4.4:  Specimen preparation for control tests 

Test Parameter Requirement 

Abrasion 
Erosion 
UCS 

Grading 
Specimen size 
Compaction method 
Compacted to 

100 per cent passing 6.7 mm 
100 mm diameter x 115 mm height 
Static (press) 
95 per cent of Mod AASHTO density 

CBR 
Density change 

Grading 
Specimen size 
Compaction method 
Compacted to 

100 per cent passing 6.7 mm 
152 mm diameter x 127 mm height 
Modified AASHTO 
95 per cent of Mod AASHTO density 

Plasticity change Grading 100 per cent passing 0.425 mm 
 

The number of specimens required per test is listed in Table 4.5. 
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Table 4.5:  Number of specimens required per test 

Test No of 
specimens 

Detail 

Abrasion 
Erosion 
Density change 
CBR 
Moisture sensitivity 
UCS* 
Plasticity change 

12 
12 
12 
12 
6 
- 
6 

3 untreated, 3 treated for each material 
3 untreated, 3 treated for each material 
3 untreated, 3 treated for each material 
3 untreated, 3 treated for each material 
3 treated for each material 
- 
3 untreated, 3 treated on sand/clay blend 

* Moisture sensitivity tests are conducted during soaking of the UCS specimens.  If the 
specimen crumbles, prior to completion of the soak, the UCS test is not carried out. 

 

4.10.3 Curing 

All specimens should be cured as specified by the manufacturer/supplier.  If the 

manufacturer/supplier cannot provide a curing procedure, the procedures provided in 

Table 4.6 should be followed.  If additional reaction time is required between curing and 

testing, these requirements must be provided by the applicant and accommodated in the 

test program. 

 

Table 4.6:  Guide for curing procedures for control tests 

Additive category Curing procedure 

Hygroscopic salt Dry to constant mass at 50°C.  Place specimen on a stand 50 mm above 
a basin of water in an environment with a temperature of at least 25°C and 
relative humidity of at least 50% and allow to reabsorb moisture for 24 
hours prior to testing 

Natural polymer 
Synthetic polymer 
Modified wax 
Petroleum resin 
Bitumen and tar 
Sulfonated oil 
Enzyme 

Dry to constant mass at 50°C 
Dry to constant mass at 50°C 
Dry to constant mass at a temperature 5°C below congealing point of wax 
Dry to constant mass at 50°C 
Dry to constant mass at 50°C 
Dry to constant mass at 50°C 
Dry to constant mass at 50°C 

 

4.10.4 Apparatus 

Abrasion Resistance 

Abrasion resistance is determined with the mechanical wet/dry brushing apparatus 

described by Sampson4.  A brush loading of 2.0 kg is used. 

 

Erosion Resistance 

Erosion resistance is determined with the erosion resistance apparatus described by 

Jones and Ventura2. 

 

Density Change 

Density change is determined using the standard equipment specified in Technical 

Methods for Highways (TMH1) Method A75. 
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California Bearing Ratio (CBR) 

The California Bearing Ratio is determined using the standard equipment specified in 

TMH1, Method A8. 

 

Moisture Sensitivity 

The moisture sensitivity test does not require any specific apparatus apart from a 

perforated aluminium disc, 75 mm in diameter and 3.0 mm thick, which is used as a 

gauge to determine the rate of disintegration. 

 

Unconfined Compressive Strength (UCS) 

The unconfined compressive strength is determined using the standard equipment 

specified in TMH1, Method A14.   

 

Plasticity Change 

Plasticity change is determined using the standard equipment specified in TMH1, Method 

A2 and A3. 

 

4.10.5 Test and Reporting Method 

Detailed test methods and reporting forms are provided in Appendix E.  A summary of 

each test and reporting method is provided below. 

 

Abrasion Resistance 

After curing, the treated and untreated specimens are weighed, mounted in the brushing 

apparatus and then subjected to 250 revolutions with a brush loading of 2.0 kg.  The 

brushed specimens are then weighed and the mass loss recorded as a percentage of the 

original mass.  Treated specimens are then subjected to a further 250 revolutions before 

final weighing and determination of percentage mass loss.  The average loss for the three 

specimens after 250 and 500 is revolutions reported.  If the loss from any one specimen 

differs from the other two by more than five per cent, the test should be repeated. 

 

Erosion Resistance 

After curing, the treated and untreated specimens are weighed, positioned in the test 

apparatus and then subjected to five minutes of water flow at a constant water head of 

1.0 m.  Excess water should be allowed to drain for a further five minutes after which the 

specimens are removed from the apparatus and dried at 105°C for 24 hours.  The 

specimens are then weighed and the percentage mass loss recorded.  The average loss 

for each set of three specimens is reported.  If the loss from any one specimen differs 

from the other two by more than five per cent, the test should be repeated. 
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Density Change 

Preparation of the specimens and testing is as per the standard test method5, except that 

allowance is made for mixing the additive into the soil with the compaction water, reaction 

time (Table 4.7) and for curing (Table 4.6).  An average of the three results for each set of 

specimens is recorded and compared with the original maximum dry density determined 

during specimen preparation. 

 

Table 4.7:  Specimen preparation for density change test 

Product category Preparation and curing/reaction allowances 

Hygroscopic salt Mix into soil.  Place material in a dish on a stand 50 mm above a basin of 
water in an environment with a temperature of at least 25°C and relative 
humidity of at least 50% and allow to reabsorb atmospheric moisture for 2 
hours prior to testing.  Test as per TMH-1.   

Natural polymer 
Synthetic polymer 
Modified wax 
Petroleum resin 
Bitumen and tar 
Sulfonated oil 
Enzyme 

Mix into soil.  Allow 2-hour reaction time.  Test as per TMH-1. 

 

California Bearing Ratio 

Preparation of the specimens and testing is as per the standard test method5, except that 

allowance is made for mixing the additive into the soil with the compaction water and for 

curing.  All specimens must be soaked for four hours.  An average of the three results for 

each set of specimens is reported. 

 

Moisture Sensitivity 

The moisture sensitivity test is carried out prior to UCS testing on the specimens that will 

be used in the UCS test.  The test entails placing a perforated 75 mm diameter/3.0 mm 

thick aluminium disk on top of each specimen and then soaking it for two hours.  The time 

taken for the specimen to disintegrate up to the edge of the disk is recorded.  If 

disintegration continues beyond the edge of the disk before the two-hour soaking time is 

completed, it is unlikely that the specimen will have sufficient strength for completing the 

UCS test.  Moisture sensitivity is the time in minutes taken to disintegrate to the edge of 

the disk.  An average of the three results for each material is reported. 

 

The test can also be used to compare the moisture sensitivity (ie disintegration time) of 

treated and untreated specimens.  The same procedure as that described above should 

be followed. 

 

Modified Unconfined Compressive Strength 

The method for preparing and curing UCS specimens has been modified from the 

standard test5.  Specimen preparation is as described above.  No untreated controls are 

tested, as they will not withstand soaking.  As an alternative, bitumen emulsion 



 

CR-2004/45: A procedure for fit-for-purpose certification of non-traditional road additives 21 

(application rate of two per cent residual bitumen with no filler) should be used as a 

control for the sand material and lime (application rate of one per cent lime plus 

percentage lime determined in an initial consumption of lime test (TMH15)) should be 

used as a control for the sand/clay blend.  Each specimen is soaked in the Moisture 

Sensitivity test for 120 minutes and then crushed as per the standard method5.  Reporting 

is as per the standard test5.  An average of the three results for each material is reported. 

 

Plasticity Change 

The standard test methods5 have not been changed, except that allowances are made for 

mixing the chemical into the soil fines and for curing and/or reaction time if required. 

 

4.10.6 Interpretation of Results 

The recommended limits for each test are listed in Table 4.8.  Performance of the additive 

should be equal to or better than the limit for each purpose that it is being certificated for, 

unless provision to deal with the consequences is made in the guideline documentation 

(eg an additive certificated as a dust palliative must pass the abrasion resistance test, but 

could fail the erosion resistance test, provided that allowance is made in the design for 

rejuvenation after heavy rainfall).  If the additive does not perform adequately when 

subjected to the control tests, the procedure should be halted. 

 

A checklist for this stage of the procedure is included in Appendix B. 

 

It should be noted that the materials and methods described in this section are control 

tests only and are used to verify the results of the laboratory and field tests carried out by 

the additive manufacturer/supplier.  The results should be considered as relative rather 

than absolute and are not intended to provide an indication of performance under field 

conditions.  The tests should not be used independently to determine potential 

performance of road additives as the sand and sand/clay materials are not representative 

of typical road construction materials. 

 

 

4.11. Technical Assessment Team Report 

On completion of control testing and the review of the quality management procedures, 

the technical assessment team will prepare a report summarising the review and making 

recommendations towards certificating the additive under consideration.  The report will 

comprise sections corresponding to the procedure detailed in this report, each 

summarising whether the requirements have been met or not.  A recommendation on 

whether to certificate the additive for the prescribed purpose, together with a justification 

will conclude the report. 
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Table 4.8:  Limits for control test results 

 

Limit Test Parameter 

Sand Sand/clay 

Abrasion resistance 

Erosion resistance 

Density change 

Moisture sensitivity 

Strength increase - CBR 

Strength increase - UCS 

Plasticity change 

Loss after 500 revolutions (%) 

Loss after 5 minutes (%) 

Increased density (kg/m3) 

Time to disintegrate to marker (mins) 

Improvement on control (%) 

Comparison with bitumen emulsion* and lime**(kPa) 

Improvement on control (%) 

<10 

<8 

� 100% Mod AASHTO 

� 120 

>35 

�  bitumen emulsion 

- 

<10 

<8 

� 100% Mod AASHTO 

� 120 

>100 

�  lime 

>50 

* 2% residual bitumen, no filler.  Oven cured to constant mass at 40°C 

** Lime content determined from TMH1 initial consumption of lime test plus one per cent.  Cured as specified in TMH1 
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4.12. Certificate 

Based on the recommendations of the technical evaluation team, Agremént will initiate 

the preparation of a certificate.  Standard Agremént procedures are followed during this 

phase of the process and the details are not included in this document. 

 

 

4.13. Post Certificate Monitoring 

Agrément will periodically monitor the activities of the additive manufacturer/supplier to 

ensure that procedures are being correctly followed and that the additive has not been 

changed in any way.  Periodic feedback from road authorities may also provide useful 

input for improving the procedure.  Post certificate monitoring can be carried out prior to 

certificate renewal, or more frequently as required.  Standard Agremént procedures are 

followed during this phase of the process and the details are not included in this 

document. 
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APPENDIX A - APPLICATION FORM 

The application form is divided into the following seven sections: 

 

·  Cover page 

·  Administrative information 

·  Section A - Product information 

·  Section B - Research 

·  Section C - Manufacturing process 

·  Section D - Application process 

·  Section E - Toxicity/environmental impact 

·  Section F - Quality management system 

 

An example of the form is shown on the following pages. 

 



 

CR-2004/45: A procedure for fit-for-purpose certification of non-traditional road additives 26 

 

 

 

PO Box 395 Pretoria 0001 
Telephone:  (+2712) 841-3708     Fax:  (+2712) 841-2539 

e-mail:  agreement@csir.co.za     web:  http://www.agrement.co.za 

 

A P P L I C A T I O N 

 
for the technical assessment of a non-conventional road material additive 

 
Name of additive to be assessed:  

 
Purpose for which additive is intended:  

 
Name of company:  

 
Name of person submitting application (print):  

 
Position in company:  

 
Date:  

 
Signature:  

 
 

Documents submitted in support of application 
Section �

� �

�

 Document details 

 A-Product information:  
 
 B-Research:  
 
 C-Description of manufacturing process:  
 
 D-Description of application process:  
 
 E-Toxicity/environmental impact:  
 
 F-Quality management system:  
 
 Marketing brochures  
 
 Other (specify):  
 

For Agrément use 
Application approved Yes  No  Date:  
Name:  Signature:  
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Administrative Information 

 

Company registration No:  
 
 

VAT No  

ID No (private applicant):  
 
 

  

Postal address:  
 
 
 
 

Street address:  
 
 
 
 

Telephone No:  
 
 

Cell No:  

Fax No:  
 
 

E-mail:  

 
Person in company responsible for application and who can be contacted for information: 
 
Name:  

 
 

Position in company:  

Telephone No:  
 
 

Cell No:  

Fax No:  
 
 

E-mail:  

 
If application is being handled by an agent: 
 
Name of agent:  

 
 

Name of company:  

Telephone number:  
 
 

Cell No:  

Fax No:  
 
 

E-mail:  
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SECTION A:  Product information 

 
 
 
 

1 Description of the additive: 

 
 
 
 
 

2 Description of the non-
standard features and why it 
is not classified as a 
conventional road 
additive/stabilizer:  

 
 
 
 

3 Purpose for which the 
additive will be marketed: 

 
 Development  Field testing  Full production 
 
 
 

4 Stage of development of the 
additive: 

 
 
 
 
 

5 List of constituents (required 
for toxicity/environmental 
evaluation.  Mix ratios are not 
required.  Information will be 
kept strictly confidential):  

 
 
 
 

6 References to standard 
specifications or codes of 
practice for components: 

 
 
 
 
 

7 Additive limitations (eg 
temperature, humidity, 
moisture, shelf life, etc): 

 
 
 
 
 

8 Name(s) and location(s) 
where additive is 
manufactured:  

 
 
 
 
 

9 Form that the additive is 
supplied in (eg, powder, 
liquid) and container size (eg 
210 � drum, bulk tanker, etc): 

 
 
 
 
 

10 Method of transport/delivery 
from plant to application site: 
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SECTION A:  Product information 

 
 
 
 

11 Method of storage after 
manufacture (ie by distributor, 
on site, etc): 

 
 
 
 
 

12 Special precautions for 
handling, transport and 
storage: 

 
 
 
 
 

13 Responsibility for application 
of the additive: 

 
 
 
 
 

14 Availability of technical 
instructions, training and 
support for design, 
application and maintenance 
(specify):  

 
 
 
 

15 Availability of technical 
support for problem 
resolution (specify): 

 
 
 
 
 

16 Qualifications/experience of 
technical staff: 

 
 
 
 
 

17 List of road authorities/road 
owners that have used the 
additive: 

 
 
 
 
 

18 List of roads where additive 
performance can be 
inspected: 

 
 
 
 
 
 
 
 
 
 

 Other notes: 
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SECTION B:  Research 
 
 
 
 
 
 
 
 
 

1 Details of product 
development (include 
references to reports): 

 
 
 
 
 
 
 
 
 
 

2 Details of scientifically 
designed laboratory 
investigation (include 
references to reports): 

 
 
 
 
 
 
 
 
 
 

3 Details of scientifically 
designed, controlled, full-
scale field testing program 
(include references to 
reports): 

 
 
 
 
 
 
 
 
 
 

4 Details of performance 
prediction models (include 
references to reports): 

 
 
 
 
 
 
 
 
 
 

5 Details of guideline 
documentation (include table 
of contents and references to 
reports/documentation): 
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SECTION C:  Description of manufacturing process 

 
 
 
 
 
 
 
 
 

1 Description of the 
manufacturing process: 

 
 
 
 
 
 
 
 
 
 

2 Description of recycling 
procedures: 

 
 
 
 
 
 
 
 
 
 

3 Description of quality 
management procedures and 
batch numbering process: 

 
 
 
 
 
 
 
 
 
 

4 References to standard 
specifications or codes of 
practice for manufacturing: 

 
 
 
 
 
 
 
 
 
 

5 Monthly/annual 
manufacturing capacity: 
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SECTION D:  Description of application process 

 
 
 
 
 
 
 
 
 

1 Sequential description of the 
application process: 

 
 
 
 
 
 
 
 
 
 

2 Equipment and tolerances 
required for successful 
application and 
consequences of not 
adhering to these: 

 
 
 
 
 
 
 
 
 
 

3 Life expectancy of the 
application and factors that 
affect this: 

 
 
 
 
 
 
 
 
 
 

4 Maintenance and 
rejuvenation requirements 
and procedures: 

 
 
 
 
 
 
 
 
 
 

5 Specific requirements to 
ensure fitness-for-purpose of 
the product during its 
expected service life: 
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SECTION E:  Toxicity/environmental impact (attach Material Safety Data Sheet) 
Is the product toxic? Y N Is the product environmentally compatible? Y N 

 
 
 
 
 
 
 
 
 

1 Toxicity of the product 
and brief description of 
the toxicity testing 
process (include 
references to 
documentation): 

 
 
 
 
 
 
 
 
 
 

2 Environmental 
compatibility of the 
product/manufacturing 
process and brief 
description of the 
assessment process 
(include references to 
documentation): 

 
 
 
 
 
 
 
 
 
 

3 Biodegradability of the 
product and life 
expectancy after 
application: 

 
 
 
 
 
 
 
 
 
 

4 Consequences of and 
procedure for dealing with 
bodily contact, inhalation 
and/or ingestion: 

 
 
 
 
 
 
 
 
 
 

5 Consequences of and 
procedure for dealing with 
accidental spills: 
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SECTION F:  Quality management system 
Is a quality management system based on SANS 9001 in place? Y N 

 
 
 
 
 
 
 
 
 

1 Description of quality 
management procedures 
at the plant: 

 
 
 
 
 
 
 
 
 
 

2 Description of quality 
control testing of product 
and method of dealing 
with post application 
investigations: 

 
 
 
 
 
 
 
 
 
 

3 Description of quality 
management procedures 
for transport and storage 
on site: 

 
 
 
 
 
 
 
 
 
 

4 Description of quality 
management procedures 
for application: 

 
 
 
 
 
 
 
 
 
 

5 Status of application for 
SANS 9001/other quality 
management system if 
company is not already 
accredited: 
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APPENDIX B - CHECKLISTS 

Checklists for the following stages of the evaluation procedure are included in this Appendix: 

 

·  Documentation overview 

·  Environmental compatibility/safety 

·  Background research 

·  Guideline documentation 

·  Control testing 

 

Standard Agremént checklists are used for: 

 

·  Preparation of the contract documentation 

·  Assessment of the quality management system 

·  Preparation and approval of the certificate 

·  Post certificate monitoring 
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DOCUMENTATION OVERVIEW CHECKLIST 

Issue Yes No Comments 

 
 

1 Is product development complete?   

 
 
 

2 Is there proof of successful use?   

 
 
 

3 Has a documented comprehensive, 
scientifically designed laboratory-testing 
programme been carried out? 

  

 
 
 

4 Has a documented comprehensive, 
scientifically designed and monitored field-
testing programme been carried out? 

  

 
 
 

5 Have potential environmental and safety 
impacts been assessed? 

  

 
 
 

6 Have comprehensive guideline documents 
been compiled? If so: 

  

 
 
 

7 Does the manufacturer/supplier have an 
appropriate quality management system in 
place? 

  

 
 
 

8 Is the marketing documentation realistic, 
truthful and based on fact? 

  

 
 
 

9    

 
 
 

10    

 
 
 

11    

 
 
 

12    

 
Recommendation 

Can the fit-for-purpose certification procedure continue based on the information reviewed? Yes No 
If no, state why and what needs to be done to continue  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Name 
 
 

 Signature  Date  
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ENVIRONMENTAL COMPATIBILITY/SAFETY CHECKLIST 

Issue Yes No Comments 

 
 

1 Has environmental testing been carried 
out? 

  

 
 
 

2 Is groundwater pollution addressed in 
terms of Department of Water Affairs 
Receiving Water Quality Guidelines? 

  

 
 
 

3 Was the testing done in a Department of 
Water Affairs accredited laboratory? 

  

 
 
 

4 Has toxicity to roadside vegetation been 
assessed? 

  

 
 
 

5 Is the Material Safety Data Sheet correctly 
completed and sufficiently comprehensive? 

  

 
 
 

6 Are guidelines provided for the correct 
cleaning of equipment? 

  

 
 
 

7    

 
 
 

8    

 
 
 

9    

 
 
 

10    

 
 
 

11    

 
 
 

12    

 
Recommendation 

Can the fit-for-purpose certification procedure continue based on the information reviewed? Yes No 
If no, state why and what needs to be done to continue  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Name 
 
 

 Signature  Date  
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BACKGROUND RESEARCH CHECKLIST 

Issue Yes No Comments 

 
 

1 Were the persons conducting the research 
suitably qualified/experienced?  Were 
students suitably supervised? 

  

 
 
 

2 Has an appropriate research protocol been 
followed? 

  

 
 
 

3 Is the experimental design for laboratory 
testing sufficiently representative and 
comprehensive? 

  

 
 
 

4 Was the testing done in a reputable/ 
accredited laboratory? 

  

 
 
 

5 Were appropriate tests used?   

 
 
 

6 Were recognised test methods followed?   

 
 
 

7 Was performance compared with untreated 
samples and samples treated with 
traditional stabilizers? 

  

 
 
 

8 Is the experimental design for field testing 
sufficiently representative and 
comprehensive? 

  

 
 
 

9 Were appropriate monitoring and test 
methods followed? 

  

 
 
 

10 Were the experiments monitored for a 
sufficient period of time and through 
rejuvenation if applicable? 

  

 
 
 

11 Were test results interpreted with due 
consideration for the original purpose of the 
test? 

  

 
 
 

12 Were sound procedures followed in the 
analysis of the data? 

  

 
Recommendation 

Can the fit-for-purpose certification procedure continue based on the information reviewed? Yes No 
If no, state why and what needs to be done to continue  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Name 
 
 

 Signature  Date  
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GUIDELINE DOCUMENTATION CHECKLIST 

Issue Yes No Comments 

 
 

1 Is the guideline documentation 
representative of the research conducted? 

  

 
 
 

2 Can an informed decision on whether or 
not to use the additive be made based on 
the information in the documentation? 

  

 
 
 

3 Are procedures, models and default values 
for an economic analysis provided and 
appropriate? 

  

 
 
 

4 Is the design method appropriate?   

 
 
 

5 Is sufficient information provided to 
confidently design a road using the 
additive? 

  

 
 
 

6 Are material selection and testing criteria 
compatible with South African 
specifications? 

  

 
 
 

7 Are modifications to standard methods to 
accommodate addition of the additive 
provided and justified? 

  

 
 
 

8 Are additive limitations suitably addressed?   

 
 
 

9 Are construction, application, maintenance 
and rejuvenation procedures adequately 
detailed and realistic to implement? 

  

 
 
 

10 Are maintenance and rejuvenation 
programs provided and explained? 

  

 
 
 

11 Are environmental and safety procedures 
included? 

  

 
 
 

12 Are quality control procedures for product 
acceptance and application included? 

  

 
Recommendation 

Can the fit-for-purpose certification procedure continue based on the information reviewed? Yes No 
If no, state why and what needs to be done to continue  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Name 
 
 

 Signature  Date  
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CONTROL TESTING CHECKLIST 

Test Limit Result Pass Comments 

 
 

Abrasion resistance 
 
 

   

 
 
 

Erosion resistance 
 
 

   

 
 
 

Density change    

 
 
 

Strength (CBR) 
 

   

 
 
 

Strength (UCS) 
 

   

 
 
 

Moisture sensitivity 
 
 

   

 
 
 

Plasticity change 
 
 

   

 
 
 

    

 
Issue Yes No Comments 

 
 

1 Do the test results indicate that the additive 
is suited to the purpose that it is being 
certificated for? 

  

 
 
 

2 Are there specific conditions that need to 
be met in order for satisfactory results to be 
obtained? 

  

 
 
 

3    

 
 
 

4    

 
 
 

5    

 
Recommendation 

Can the fit-for-purpose certification procedure continue based on the results obtained? Yes No 
If no, state why and what needs to be done to continue  
 
 
 
 
 
 
 
 
 
 
 
 
 
Name 
 
 

 Signature  Date  
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APPENDIX C - MATERIAL SAFETY DATA SHEET 

The following sections should be included in the Material Safety Data Sheet: 
 
1. Chemical product and company information 

·  Supplier 
·  Manufacturer 
·  Trade name 
·  Chemical name 
·  Chemical family 
·  ERG Code 
·  UN Number 
·  Uses 
·  Emergency contact 
·  Date that MSDS was prepared/updated 

 
2. Composition/information on ingredients 

·  Chemical name, CAS No, percentage by weight 
·  EC Number 

 
3. Hazards identification 

·  Classification 
·  Main hazard 
·  Flammability 
·  Chemical hazard 
·  Biological hazard 

 
4. First aid measures 

·  Eyes 
·  Skin 
·  Ingestion 
·  Inhalation 
·  Notes to physician 

 
5. Fire fighting measures 

·  Extinguishing media 
·  Special procedures 
·  Special hazards 
·  Protective clothing 

 
6. Accidental release measures 

·  Personal precautions 
·  Environmental precautions 
·  Small spills 
·  Large spills 

 
7. Handling and storage 

·  Handling 
·  Storage 
·  Packaging material 

 
8. Exposure control/personal protection 

·  Occupational exposure limits 
·  Engineering control limits 
·  Personal protection - respiratory 
·  Personal protection - hands 
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·  Personal protection - eyes 
·  Personal protection - skin 
·  Other protection 
·  Hygiene measures 
·  Recommended monitoring procedures 

 
9. Physical and chemical properties 

·  Physical state/appearance 
·  Colour 
·  Odour 
·  Odour threshold 
·  pH 
·  Density 
·  Specific gravity 
·  Viscosity 
·  Boiling point 
·  Melting point 
·  Flash point 
·  Flammability 
·  Auto-flammability 
·  Auto-ignition temperature 
·  Explosive properties 
·  Explosion limits 
·  Oxidizing properties 
·  Vapour density 
·  Vapour pressure 
·  Evaporation rate 
·  Solubility - water 
·  Solubility - solvent 

 
10. Stability and reactivity 

·  Stability 
·  Conditions to avoid 
·  Materials to avoid 
·  Hazardous decomposition products 
·  Hazardous polymerisation 

 
11. Toxicological information 

·  Acute toxicity 
·  Chronic toxicity 
·  Skin contact 
·  Eye contact 
·  Ingestion 
·  Inhalation 
·  Routes of entry 
·  Target organs 
·  Carcinogenicity 
·  Mutagenicity 
·  Reproductive hazard 

 
12. Ecological information 

·  Aquatic toxicity - fish 
·  Aquatic toxicity - algae 
·  Biodegradability 
·  Bioaccumulation 
·  Mobility 
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13. Disposal considerations 
·  Disposal method 
·  Disposal of packaging 

 
14. Transport information 

·  UN No 
·  Class 
·  Packaging group 
·  Label 
·  Emergency response No 
·  Tremcard No 

 
15. Regulatory information 

·  EEC Hazard Classification 
·  Risk phrases 
·  Safety phrases 
·  National legislation 

 
16. Other information 
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APPENDIX D - EXAMPLE RESEARCH PROTOCOL 

The following protocol provides an example of what is required to undertake a comprehensive study 

on the performance of an unsealed road additive, with a view to preparing guideline documentation 

and performance prediction models.  The protocol is summarized in Figure D.1.  This protocol will 

require adaptation depending on the type of additive being assessed and the purpose for which it is 

being marketed. 

 

i. An investigation begins with defining the chemistry of the additive and hence the mode of 

binding. 

ii. With this information, the additive should be classified into one of the following additive 

categories: 

·  Water/wetting agent 

·  Hygroscopic salt 

·  Natural polymer 

·  Synthetic polymer 

·  Modified wax 

·  Petroleum resin 

·  Bitumen/tar 

·  Sulfonated oil 

·  Enzyme/biological agent 

·  Other 

iii. The literature on this category should be reviewed to establish the status of research already 

carried out on that additive category in general and specifically on additives with the particular 

characteristics of the one being investigated.  A report, in which the information is synthesised, 

should be prepared. 

iv. Based on the information available, a decision is made as to whether sufficient information 

exists to prepare comprehensive guidelines on the use of the additive in line with the 

requirements of the road industry. 

v. If sufficient information is available, a guideline consisting of information on the additive, 

economic analyses, material selection, climatic limitations, environmental limitations, design 

procedures, best construction practice, application, maintenance, rejuvenation and road 

upgrading is prepared. A commercial development protocol will then replace the technology 

development protocol with introduction to industry.  Technological assistance may be provided 

with implementation of programmes using the additive. 
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Figure D.1:  Research protocol for road additives 

 

CDP description
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Literature review
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Acceptable results?
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Technology transfer
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No

Yes

No

Yes
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No
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No
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vi. If insufficient information is available to prepare the guidelines (see iv), an iterative process is 

implemented to acquire the required information.  This begins with an assessment of the 

results of past laboratory testing.  Results from a testing programme that has followed a 

scientific experimental design should exist and be sufficiently comprehensive to form the basis 

of an experimental design for full-scale field testing and to prepare an interim material selection 

guideline.  If this information is available, information on full-scale field testing is assessed.  If 

the review indicates that a monitoring programme on roads selected according to a factorial 

experimental design has provided sufficient information to prepare performance prediction 

models and guidelines for use, then the process can proceed in this direction (see xii).  If 

insufficient data is available, then a field testing programme will have to be initiated (see xi 

below). 

vii. If no laboratory test results are available, then it would be obvious that minimal research had 

been undertaken on the additive and that a comprehensive study would need to be undertaken 

before it could be used with confidence.  If there is any doubt about the effectiveness of the 

additive, a laboratory screening exercise, involving abrasion, erosion and/or strength tests on a 

non-plastic and a plastic soil should be carried out.  Different application rates can be used to 

determine the effectiveness of the additive.  The durability and/or strength of the treated 

specimen is compared with that of untreated control specimens.  If the treated specimens do 

not withstand the abrasion or water erosion, or exhibit increased strength, the research 

programme should be terminated and the additive subjected to further development.  A 

summary report should be completed at the end of this phase. 

viii. If the results of the screening tests are satisfactory, a detailed laboratory study, assessing both 

performance and potential environmental impact, is carried out.  In the performance 

assessment, at least six materials covering a spectrum of plasticity characteristics (eg non 

plastic to plasticity index >15) should be tested to understand the influence of the additive on 

particle size distribution (ability to agglomerate fine particles), plasticity (ability to reduce 

plasticity and hence slipperiness), maximum dry density and optimum moisture content (ability 

to act as a compaction aid), California Bearing Ratio and/or Unconfined Compressive Strength 

(ability to improve strength and hence passability) and durability (ability to resist abrasion and 

erosion).  Results should be interpreted in the context of the test and for what it was originally 

developed for assessing.  Other performance tests can be added, depending on the additive 

type and the purpose for which it is being developed.  Recognised test methods should be 

followed in all instances.  In the environmental compatibility assessment, the potential impact of 

treatment on water resources and vegetation is determined.  If there is no improvement in any 

of the above parameters when compared with the results of tests on untreated material, or if 

potential environmental impacts are high, the research should be terminated and further 

development of the additive considered.  A summary report should be prepared on completion 

of testing with recommendations on proceeding with or terminating the study. 

ix. If the results of laboratory testing are acceptable, an experimental design for field testing 

should be developed with emphasis on experimental sections on roads with material 
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characteristics in a range most suited to the additive, based on the laboratory test results.  

Performance on at least 12 roads should be assessed.  The application of the additive and 

thereafter its performance should be compared with that of an untreated control section 

constructed to the same specification.  Monitoring, conducted at regular intervals, should 

include a visual assessment (eg using Technical Methods for Highways - TMH126) and 

measurements of dust, riding quality, rate of gravel loss and in situ strength in wet and dry 

states.  The additive should be rejuvenated and the road maintained as required.  A detailed 

account of all costs incurred on the treated and untreated sections should be kept.  Monitoring 

should be continued until sufficient data has been collected to reliably estimate the behaviour 

and performance of the roads and the number of rejuvenations required for a five year period 

for unsealed roads, or a ten year period if the additive is used in sealed road layers. 

x. The data collected should be analysed to determine the cost-effectiveness of the additive 

compared with traditional procedures, bearing in mind that the construction of short sections is 

more expensive than conventional construction.  If the additive is not cost-effective under any 

circumstances, the study should be terminated. 

xi. If the additive proves to be cost-effective, specialised testing to determine potential impacts 

associated with upgrading the road to a higher standard (eg potential salt damage to 

bituminous surfacings) should be carried out, if deemed necessary, to assess whether the 

additive can be used in a stage construction process. 

xii. The final phases of the protocol entail the preparation of guideline documents on the use of the 

additive, fit-for-purpose certification and technology transfer to industry.  Guideline 

documentation should include the following chapters: 

·  Introduction 

·  Background information (includes state-of-the-art review of additives in this category) 

·  Additive properties (includes summary of laboratory and field research) 

·  Environmental and safety considerations and special precautions for transport, storage 

and handling 

·  Selection criteria for identification of projects where additive is suitable 

·  Guidelines for economic analysis 

·  Guidelines for design (includes material selection, mix design and structural design, 

climatic limitations, etc) 

·  Construction, application, maintenance and rejuvenation procedures 

·  Quality management procedures 

·  Test methods (if non-standard test methods are used) 

·  Case studies 

·  List of completed reports 
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APPENDIX E - TEST METHODS 

E.1 Scope 

 

This method covers the determination of abrasion and erosion resistance, change in 

density, moisture sensitivity, strength improvement (modified California Bearing Ratio 

(CBR) and Unconfined Compressive Strength (UCS)) and plasticity change of materials 

treated with non-traditional road additives.  The tests have been developed as control 

tests for fit-for-purpose certification of such additives. 

 

 

E.2 Apparatus 

 

1. Balance capable of weighing 5.0 kg having a sensitivity of 0.1 g 

2. 100 m� beaker 

3. Spatulas, pans, etc 

4. Stopwatch 

5. Steel mould having an inside diameter of 100 mm and 175 mm in length.  Two 

endcaps 30 mm thick and diameter that will fit snugly into the mould.  These are 

pressed into the mould to form a specimen 100mm in diameter and 115 mm in 

height.  An extruder used to extract the specimens from the moulds, which fits into a 

recess machined into the base of the endcap used as a base plate (see Figures E1 

to E5). 

6. Standard drying oven capable of maintaining a temperature of 50 and 100°C (± 5 °C) 

7. Soaking bath 

8. Compression testing machine (UCS press) 

9. Perforated aluminium disc, 75 mm in diameter and 3 mm thick 

10. The apparatus required to determine the liquid limit and plastic limit, as given in 

TMH1 Methods A2 and A35 

11. The apparatus required to determine the optimum moisture content and maximum 

dry density (OMC/MDD) as given in TMH1 Method A7 

12. The apparatus required to determine the California Bearing Ratio, as given in TMH1 

Method A8 

13. A brushing apparatus as described in Sampson (1988)4 with a standard brush 

14. An erosion resistance testing apparatus as described in Jones and Ventura2 (see 

Figure E6). 
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E.3 Specimen Preparation 

E.3.1 Abrasion and Erosion Resistance, Moisture Sensitivity and UCS 

1. Prepare the material to be tested using the prescribed procedure in TMH1 Methods 

A1(a) or A1(b), except that aggregate retained on the 6.7 mm sieve is discarded.   

2. Determine the OMC at the proposed additive content mixing the required percentage 

of chemical into the soil and testing the mix according to Method A7 in TMH1. It is 

advisable to add the required quantity of additive to the water to be added to the 

sample as this will assist with the dispersion of the additive throughout the soil. 

3. Determine the mass of dry material required to fill the mould using data from (2). 

4. Weigh the calculated quantity of chemical by pouring it into the beaker and add the 

required amount of water to bring the material to OMC. 

5. Add the contents of the beaker to the dry material and mix well.  Cover the bowl with 

a moist cloth and let this stand for 120 minutes to allow the moisture to equilibrate 

throughout the soil.  After this, remix the material. 

6. Ensure that the mould and attachments are clean.  Lubricate the inside of the mould 

with a spray lubricant (eg WD40, Q20) to facilitate extrusion. 

7. Place the bottom end cap (recessed) in the mould, attach the bulking tube and then 

fill the mould with the prepared material.  It may be necessary to lightly tamp the 

material into the mould, as the loose material will have a volume greater than the 

mould volume.  Once all the material is in the mould, remove the bulking tube and 

position the top cap in the mould. 

8. Using the compression machine, press the top end cap into the mould until it is flush 

with the top of the mould. 

9. Extrude the specimen from the mould, weigh it and place it on a carrying plate. 

10. Dry/cure the specimen as prescribed by the additive supplier or as per the guidelines 

provided in Table E.1. 

11. Remove the specimens from the oven and allow to cool to room temperature. 

 

Table E.1:  Curing procedure for various additives 

Product category Curing procedure 

Hygroscopic salt Dry to constant mass at 50°C.  Place specimen on a stand 50 mm above 
a basin of water in an environment with a temperature of at least 25°C and 
relative humidity of at least 50% and allow to reabsorb atmospheric 
moisture for 24 hours prior to testing 

Natural polymer 
Synthetic polymer 
Modified wax 
Petroleum resin 
Bitumen and tar 
Sulfonated oil 
Enzyme 

Dry to constant mass at 50°C 
Dry to constant mass at 50°C 
Dry to constant mass at a temperature 5°C below congealing point of wax 
Dry to constant mass at 50°C 
Dry to constant mass at 50°C 
Follow product specification or dry to constant mass at 50°C 
Follow product specification or dry to constant mass at 50°C 

 

E.3.2 Density Change and CBR 

1. Prepare the material to be tested using the prescribed procedure in TMH1 Methods 

A1(a) or A1(b), except that aggregate retained on the 6.7 mm sieve is discarded.   
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2. Determine the OMC at the proposed additive content mixing the required percentage 

of additive into the soil and testing the mix according TMH1 Method A7. It is 

advisable to add the required quantity of additive to the water to be added to the 

sample as this will assist with the dispersion of the additive throughout the soil. 

3. Determine the mass of dry material required to fill the mould using data from (2). 

4. Weigh the calculated quantity of additive by pouring it into the beaker and add the 

required amount of water to bring the material to OMC. 

5. Add the contents of the beaker to the dry material and mix well.  Cover the bowl with 

a moist cloth and let this stand for 30 minutes to allow the moisture to equilibrate 

throughout the soil.  After this, remix the material. 

6. Prepare moulds and compact specimens as described in TMH1 Method A7.  

7. Dry/cure the specimen as prescribed by the additive supplier.  If the specimen must 

be dried back, place the specimen in an oven at a temperature of 50°C (± 5°C) until 

constant moisture content is reached (approximately 48 hours).  

8. Remove the specimens from the oven and allow to cool to room temperature. 

 

E.3.3 Plasticity Change 

1. Prepare material as described in TMH1 Method A2, but add additive to the distilled 

water at the rate specified by the supplier prior to mixing it into the soil fines. 

 

 

E.4 Method 

 

E.4.1 Abrasion Resistance 

1. Weigh the specimen. 

2. Place the specimen in the mechanical brushing machine, ensuring that the specimen 

is not damaged and that no material is removed. 

3. Set brush weight to 2.0 kg and counter to 250. 

4. Place the brush on the specimen and brush for 250 revolutions. 

5. Remove the specimen and weigh. 

6. If the specimen has been treated with an additive, repeat steps 2 to 5. 

7. Record the amount of material lost after 250 and 500 revolutions as a percentage of 

the original weight (recorded in 1). 

 

E.4.2 Erosion Resistance 

1. Weigh the specimen. 

2. Place the specimen into the plastic holder and clamp onto the erosion resistance 

testing apparatus using the strap and wing nuts provided. 

3. Position the erosion tester in a laboratory sink and open the tap supplying water to 

the constant head apparatus (water container) such that water flows slowly out of the 

overflow pipe.  Open the tap at the bottom of the water container (which is connected 
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to the erosion device by a rubber hose), allowing water to be jetted onto the surface 

of the specimen.  At the same time start the stopwatch. 

4. After five minutes have elapsed turn off the tap to the erosion device and then the 

tap to the water container. 

5. Carefully remove the specimen holder from the erosion apparatus and gently place 

the specimen onto a pan, ensuring that it is not damaged in any way. 

6. Place the pan in the oven set at 105°C and allow to dry for 24 hours. 

7. Weigh the specimen. 

8. Record the amount of material lost as a percentage of the original weight (recorded 

in 1). 

 

E.4.3 Density Change 

1. Test as described in TMH1, Method A7. 

 

E.4.3 Moisture Sensitivity 

1. Place aluminium marker disc in the centre of the treated specimen and the specimen 

on an aluminium pan. 

2. Place the pan in the water bath, start the stopwatch and check that the water cover is 

approximately 25 mm above the specimen. 

3. Observe the rate of disintegration. 

4. Stop the stopwatch as soon as the specimen has disintegrated to the edge of the 

marker disc. 

5. Record the time (moisture sensitivity in minutes). 

6. If the specimen has not disintegrated to the marker disc after 120 minutes of 

soaking, remove the specimen from the water bath. 

7. Record the moisture sensitivity as >120 minutes. 

8. Surface-dry the soaked specimen with a paper towel. 

9. Immediately proceed with the UCS test. 

 

E.4.4 UCS 

1. Place the specimen in the compression testing machine and load at an approximate 

rate of 100 N per second until failure. 

2. Record the load at failure. 

3. Place the crushed material in a moisture tin and weigh. 

4. Dry the sample in an oven set at 105 C for 24 hours. 

5. Determine the moisture content. 

 

E.4.5 CBR 

1. Test as described in TMH1 Method A8. 
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E.4.6 Plasticity Change 

1. Test as described in TMH1 Methods A2 and A3. 
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FIT FOR PURPOSE CERTIFICATION - CONTROL TESTING Pg 1 of 3 

Additive name:  Field application rate:  

100x175 mm specimen preparation Start Date  

Material type Sand  Clay  % of MDD  

OMC  Dry weight of soil  

MDD (100% Mod AASHTO)  Water (%)  

Additive quantity g m�   Water (g)  

Specimen 1 
Control 

2 
Control 

3 
Control 

4 
Treated 

5 
Treated 

6 
Treated 

Date  Abrasion resistance 

Specimen weight - wet (g)       

Curing - hours @ x°C       

Initial dry weight (g)       

Weight after 250 revs (g)       

Loss (%)       

Weight after 500 revs (g)       

Loss (%)       

Average loss (%)   

Date  Erosion resistance 

Specimen weight - wet (g)       

Curing - hours @ x°C       

Initial dry weight (g)       

Weight after test (g)       

Loss (%)       

Average loss (%)   

Date  Moisture sensitivity 

Specimen weight - wet (g)       

Curing - hours @ x°C       

Time to disintegrate (mins)       

Average time (mins)   

Date  Unconfined compressive strength 

Load at failure (kN)    

UCS (kPa)    

Weight (wet)    

Weight (dry)    

Moisture content (%) 

 

   

Average UCS (kPa)   Average moisture content  
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FIT FOR PURPOSE CERTIFICATION - CONTROL TESTING Pg 2 of 3 

Additive name:  Field application rate:  

152x152 mm specimen preparation (CBR) Date  

Material type Sand  Clay  % of MDD  

OMC  Dry weight of soil  

MDD (100% Mod AASHTO)  Water (%)  

Additive quantity g M�   Water (g)  

Specimen 1 
Control 

2 
Control 

3 
Control 

4 
Treated 

5 
Treated 

6 
Treated 

Date  Density change 

Max dry density @ 95%       

Optimum moisture content       

Average density      

% Increase over control   

Date  California Bearing Ratio 

Specimen weight - wet (g)       

Curing (eg hours @ x°C)       

Specimen weight - dry (g)       

Load at 2.54 mm (kN)       

CBR (%)       

Load at 5.08 mm (kN)       

CBR (%)       

Load at 7.62 mm (kN)       

CBR (%)       

Swell (%)       

Average CBR (2.54 mm)     

% Increase over control     

Average CBR (5.08 mm)     

% Increase over control     

Average CBR (7.62 mm)     

% Increase over control     

Average swell     
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FIT FOR PURPOSE CERTIFICATION - CONTROL TESTING Pg 3 of 3 

Additive name:  Field application rate:  

Additive quantity g m�   Material type: Clay X  

Specimen 1 
Control 

2 
Control 

3 
Control 

4 
Treated 

5 
Treated 

6 
Treated 

Date  Liquid limit 

Container No       

Mass container + wet soil       

Mass container + dry soil       

Mass container       

Mass moisture       

Mass dry soil       

Number of taps       

Liquid limit       

Date  Plastic limit 

Container No       

Mass container + wet soil       

Mass container + dry soil       

Mass container       

Mass moisture       

Mass dry soil       

Plastic limit       

Date  Plasticity index 

Plasticity index       

Average liquid limit   

Average plastic limit   

Average plasticity index  

 

 

 

 

Technician:  Date:  

Signature:  

 

  

Checked by:  Date:  

Signature:  

 

 

Notes 
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FIGURE E.1:  Mould for compacting abrasion and erosion 
resistance and modified UCS specimens
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FIGURE E.1:  Mould for compacting abrasion and erosion 
resistance and modified UCS specimens
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FIGURE E.2:  End-caps for mould for compacting abrasion and 
erosion resistance and modified UCS specimens
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Quantity: 1 each

10

5

90

Top cap Base cap

FIGURE E.2:  End-caps for mould for compacting abrasion and 
erosion resistance and modified UCS specimens
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FIGURE E.3:  Bulking tube for mould for compacting abrasion 
and erosion resistance and modified UCS specimens
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FIGURE E.3:  Bulking tube for mould for compacting abrasion 
and erosion resistance and modified UCS specimens
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FIGURE E.4:  Extruder for mould for compacting abrasion and 
erosion resistance and modified UCS specimens
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FIGURE E.4:  Extruder for mould for compacting abrasion and 
erosion resistance and modified UCS specimens
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Figure E.5:  Photograph of mould and specimen 
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Figure E.6:  Erosion resistance test apparatus (side view) 
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Figure E.6:  Erosion resistance test apparatus (plan view) 
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Figure 5.4:  CSIR erosion resistance testing apparatus 

(1 - water inlet,  2 - water jets,  3 - specimen) 

 

 

 

 

 

 

 

 

 

 

Figure E7:  Erosion resistance testing apparatus 

(1 - water inlet,  2 - water jets,  3 - specimen) 
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