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  EarthZyme and Road Asset Management 

  -A Case Study- 
  
 Abstract 
 The use of EarthZyme as a soil modifier, good road building practices, objective 

engineering evaluation and sound financial records can all combine to give a 
Municipality an additional tool in its efforts to better manage taxpayer assets and to 
achieve superior roads. 

 
                     Objective 
 
 The overall objective of this paper is to evaluate the merit of EarthZyme as a soil 

stabilizer using a three year case study.  The project was carried out with the 
Municipality of Katanning in September 1992. This paper attempts to present the 
situation in a fair and objective manner.   It has not set out to be a definitive research 
document.  It reflects our joint efforts at assessing the suitability of EarthZyme 
within the County's road building environment i.e. their cost centres and overall 
gravel resource management.  The results of our intervention will not be the same 
for every Municipality or road building agency.  The information in this document 
is valid however, simply because it represents a real life scenario for this particular 
County and hopefully it will provide a framework for open discussion within the 
context of this conference. The project is examined using data from the following 
areas: 

 
 ∗ Engineering description of the soils used 
 ∗ Material Quality Evaluation 
 ∗Engineering data collected since the date of construction 
 ∗The life cycle of the pavement to date with respect to cost of construction,            
                                            maintenance costs, performance and overall cost benefit analysis. 
 ∗ Projection for the future of the roads 
 ∗ A review of what has been learned from the experiences 
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                          Soil Stabilisation - a definition 
 
 In an effort to create a solid backdrop for what we are discussing, we have chosen 

the words of Ingles & Metcalf for what we believe to be a definitive appreciation 
of the concept of soil stabilization.  The following extracts have been borrowed 
from their 1972 publication "Soil Stabilization" and it reads as follows. 

 
 "Natural soil is both a complex and variable material.  Yet because of its universal 

availability and its low cost of success, it offers great opportunities for skilful use 
as an engineering material. Not uncommonly, however, the soil at some particular 
localities is unsuited, wholly or partially, to the requirements of the construction 
engineer.  A basic decision must therefore be made, whether to:- 

 i) accept the site material as it is, and design to standards sufficient to meet       
                                                 the restrictions imposed by its existing quality; 
 ii) remove the site material, and replace with a superior material; 
 iii) alter the properties of the existing soil so as to create a new site material        
                                                 capable of better meeting the requirements of the task in hand. 
 
 The latter choice, the alteration of soil properties to meet specific engineering 

requirements, is known as SOIL STABILIZATION. 
 ...Indeed because the variability of soils is often great over an interval of a few feet 

as over a few miles, the choice of a stabilizer is often governed by its "response 
spectrum", that is, the number and type of soils in which it has been found effective. 

 ...Nevertheless, stabilisation should be thought of not only in terms of corrective 
treatment but also as a preventive measure or insurance against adverse 
conditions developing either in the course of construction or throughout the life of 
the structure." 

 
 The above scenarios are as applicable to the smallest Municipality or Local 

Government Agency as they are to the Highway Engineer.  There is more and more 
pressure being brought to bear on decision makers to be efficient in their operations 
in these days of increased accountability. Soil stabilisation skills and expertise are 
traditionally called for when there is a problem with a particular material.  The 
underlying belief is that the exercise will cost more than "normal" non-problematic 
road building operations.  We would encourage the reader to open their minds to 
the scenario that every road requires soils to be stabilized for them to achieve their 
desired engineering performance.  Consequently, the road builder should bear in 
mind that where non-problematic soils are used, a project can still be examined for 
more efficient ways of achieving satisfactory engineering performance without 
digging as deep into the gravel resource bank account of the Municipality.  

  
 Maybe we do not need to consider soil stabilisation when "..the soil at any 

particular locality is unsuited, wholly or partially, to the requirements of the 
construction engineer."  But that we can "  alter the properties of the existing soil 
so as to create a new site material capable of better meeting the requirements of the 
task at hand" by using marginal materials thus keeping our gravel resource bank 
account higher and without any dilution of the engineering performance. 
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                          North Badgebup Road - A Case Study 
 
 The Municipality of Katanning is situated 283 km south-east of Perth, in the 

Yilgarn block which is composed of ancient granites.  It is located in the 
Blackwood River catchment and it's climate is regarded as Mediterranean with an 
average rainfall of 482 mm per annum.  Temperature ranges from 13-30_C in 
January and 5-14_C in July.  It's soil type is predominantly duplex where the 
granite has typically weathered to a sand clay formation with the top of some hills 
capped with laterite (ironstone gravel) remnants.  Deep sands and gravely sand 
soils are however prominent.  This is consistent with the highly weathered granite 
parent material of the Yilgarn block (2). North Badgebup Road is an unsealed 
gravel road 35 km east, south east of Katanning Town, off the Katanning / Pingrup 
Road in the Town of Badgebup and in the direction of the County of Kent.  It 
carries approximately 50 heavy vehicles per day throughout most of the year.  
However, during the busy harvest period the vehicle count rises to approximately 
200 with 40-50 tonne double road trains using it as a main route to the grain 
elevators.  It has traditionally required 6 grades per year with the majority of these 
grades around harvest time due to the increase in volume and heavy loads.  County 
personnel report anecdotal evidence of the dangers associated with grading during 
this period due to high levels of dust and the number of road trains.   

 
           Pre-Project Testing 
 
 Soil samples were submitted to Albany Soil and Concrete Testing Labs to assess 

their suitability for treatment with EarthZyme.  EarthZyme is most effective on 
soils that have greater than 20% passing the 75 micron with a P.I. higher than 8.  
These guideline parameters do have an element of flexibility to them and every 
project is judged on its own merits, depending on the cost centres and available 
options of the County.  In this instance the materials were seen to have low clay 
content and a low P.I.  Local information and site investigation suggested that there 
was moderate to high clay content in sections of the road and as there was some 
confusion as to where the samples were taken from, the decision was made by all 
parties to treat the in situ materials to see what result would be achieved.  The soils 
described as sandy gravel with silt of low plasticity.  Particle Size Distribution 
Charts and Plasticity Index results are included in Appendix A.  

 
           Construction 
 
 A 3 km section of North Badgebup Road was selected and marked out for treatment. 

 North Badgebup road is approximately 10.2 km in length.  The first kilometre is 
sealed, the second kilometre of gravel was left untreated (control) for comparison 
purposes, followed by 3 km of treated material and a further 5.2 km untreated.  The 
untreated sections were used as control sections. In September of 1992, the 
EarthZyme was administered into the materials using standard water binding 
procedure.  Upon the ripping of the road it became obvious that there was virtually 
no clay in the first 700m sections of the road.  This highlighted the difficulties 
associated with the changing nature of soils and the ability of any low volume road 
to warrant comprehensive and relatively expensive soil testing.   
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                                            As the EarthZyme had been added to the water truck on the day of construction it 

was decided to continue with the process in an effort to teach the work crew about 
the product application and over the following week the remainder of the road was 
worked and treated. Subsequent sections were found to have a sufficient clay 
content. Within a month the sections that were obviously without clay became 
problematic and began to unravel.  In consultation with Cypher's EarthZyme 
experts the Municipality introduced approximately 70 cubic metres of clay based 
soil to this 700m section.  It was then blended with the in-situ material. EarthZyme 
was reapplied at only 50% of the prescribed rate.  

  
 
 
           Material Quality Evaluation 
 
 The materials used for this project can be analysed against the guidelines given by 

the Australian Road Research Board in their publication titled "Unsealed Roads 
Manual - Guidelines to Good Practice - May 1993".  In section 3.3, Selection of 
Materials they detail gravel selection criteria for 1) ease of grading and compaction, 
2) resistance to ravelling and 3) stability and permeability (see Appendix C) 

 
    Ease of grading and compaction 
 
 It is desirable that 100% of stone should pass the 26.5 mm sieve.  The materials 

used met this criteria. 
. 
    Resistance to ravelling 
 
 The percentage of material retained on the 2.36 mm sieve should be between 20% 

and 60%. From the p.s.d. provided in the appendix the range is 17 -39% suggesting 
that the materials are marginal at best and unsuitable in some cases. 

    
 
 
 
 
 
 
                                   ________________ 
                                              Application rate of 1 litre of EarthZyme to 35.5m3 of material 
 
                                    
                                   
                                    
 
 
 
                                   Stability and permeability 
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 For stability and to reduce permeability the fines to sand ratio should be in the 

range 0.20 < (% less than 75 micron / % less than 2.36 mm) < 0.60  The average for 
the materials is 0.221 suggesting that these materials are marginal with respect to 
the above properties. From the diagram below this material would fall just outside 
the shaded area with it expected to be slightly porous and ravelling.  This 
information is consistent with the historical grading requirements of the road. 

 

 
Figure 1   Grading requirements and performance rating, unsealed wearing course 

material 
 

           Post Construction Testing 
 
 Cypher has adopted the Clegg Hammer as a useful field tool to ascertain and 

monitor on a continual basis the strength of a road using the accepted correlation 
between CBRs and Clegg Impact Values (CIVs). 

  i.e. CBR = 0.07 x (CIV)2 

 A number of CIVs were taken from the North Badgebup Road on the visit there in 
October 1993.  A range of 49-90 was recorded over the 3 km stretch, all well above 
the CIV of 37  which is used as a satisfactory benchmark for a low volume road 
(see table 1).  The average moisture content was around 4%.  The CIV value given 
is the average of three readings taken from the left, right and centre of the road.  
This applies to all CIV readings given within this paper. On 14 June 1995, further 
testing was carried out.  The spectrum of tests was broadened from Clegg Impact 
Values to include evaluation of table drain condition, unsealed shape, dust 
indicator levels and depth of base.  The rating system used was consistent with 
Asset Management evaluation methods.  The data can be used in current Pavement 
Management Systems (PMS).  This data is also included in Figure 2.  

 
  

                                                           
1
 4 of the 5 p.s.d.s in the appendices were used to compute this figure as the materials 

with 3% passing the 75 micron were mechanically stabilised by the addition of the clay 
material and consequently would have no bearing on the engineering performance of the 
road 

 E
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 23/10/93 14/06/95 
 
 

Readings 
Taken 

CIV Table 
Drain 

Unsealed 
Shape 

CIV Table 
Drain 

Unsealed 
Shape 

0 m 64   56 3 3 
300 m 69   56 2 2 
600 m 71   59 3 2 
900 m 71   56 1 1 

1200 m 68   57 2 1 
1500 m 54   50 3 2 
1800 m 76   48 3 3 
2100 m 60   49 2 2 
2400 m 81   39 2 3 
2700 m 90   41 3 3 
3000 m 49   50 2 3 

Figure 2   Data monitoring over two time periods 
  
 
   Depth of Base 
 
 Three depth of base measurements were taken along the 3 km at 0m ,1500m and 

3000m.  The results were 90 mm, 86 mm and 86 mm respectively.  There were no 
visible protrusions of sub-base either.  The procedure used is consistent with 
Roman Road Data Procedure Manual (see photograph). 

 

 
0Figure 3   Depth of base 14/6/95 

    
                                   Dust Indicator Rating 
 
 Vehicles were observed as they drove this section and while all sections were not 

the same, the overall rating is adequate.  This photograph is taken in the same 
section as the 90 mm depth of base reading. 
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                                              0 
Figure 4   Adequate dust indicator rating 14/6/95 

  
   Safe travelling speed 
 
 On the 14 June 1995, a safe travelling speed of 100 kph was recorded. 
 
   Gravel Loss Equation 
 
 A gravel loss equation has been computed for a road of this material in this climate 

according to the following equation (Jones 1984a) 
GLA = f[TA2 / TA2 + 50] [4.2 + 0.0092 TA + 3.5 RL2 + 1.88 VC] 

 Where: 

 GLA =  annual gravel loss (mm) 
 TA  =  annual traffic in both directions measured in thousands of vehicles 
 RL  =  annual rainfall 
 VC  =  gradient (%) for uniform road lengths 
 f is a constant for various gravels: 
 laterite =  1.29 
 quartzitic =  1.51 
 volcanic =  0.96 
 sandstone =  1.38 
 19.15 mm of gravel is the predicted loss at this stage in the life cycle of the road i.e. 

2.82 years at an annual loss of 6.76 mm per year.  The local variables are: 
 1) f = 1.29 (laterite), 

0) TA = 25,000 (50 per day for 46 weeks and 200 per day for 6 weeks at            
harvest time.  No adjustment has being made to translate the increased load to 
an equivalent standard axle so the 19.15 could well be regarded as 
conservative.  This is backed up by anecdotal story by Municipal  personnel 
mentioned earlier. 

1) Annual Rainfall = .482m 
2) Gradient % = 6% 

 E
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           The County's Experience 
 
 The above data is consistent with the feedback from the Municipality, namely that 

the road has received 3 light trim grades since the date of construction in September 
1992.  This is a significant improvement on the historical 6 deep grades per annum 
that were previously required and which control sections also still warrant.  This 
represents a saving of approximately $3,000 per annum with the gravel loss 
equation result suggesting that re-sheeting will not be required according to normal 
prediction models. The extremely good condition of the road also suggests that the 
current maintenance schedule can continue for a long time to come before the road 
may begin to demand the historical 6 grades per annum. 

 Photographs are included of the road with photograph A taken in September 1993, 
and photograph B taken in June 1995.  Both testify to an excellent surface 
condition.  However, let it be noted for the record that this surface condition may 
have changed over the year depending upon weather conditions as is the dynamic 
nature of gravel roads.  It's overall good condition did not deteriorate beyond the 
point of only needing three minor trim grades. While mechanical stabilization did 
occur within a 700m stretch, the remainder of  the treated section performed in a 
vastly improved fashion compared to its pre treatment performance 
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0 
        Figure 5   North Badgebup Road  1/9/93 

 
 
 

  

          0 
Figure 6   North Badgebup Road  14/6/95 

  
 
   
 
 
 
 
 
 

 E
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                          What Has Been Learned 
 
 The soil testing system and results need to be combined with local knowledge to 

optimise the performance from in-situ and marginal materials.  High levels of 
co-operation between all parties are required to get results.  EarthZyme is not a 
miracle cure and will never compensate for poor practices and lack of following 
prescribed application procedures set out by Cypher. The variable nature of soils 
will produce variable results.  The overall objective is to produce a cost effective 
serviceable road.  Gravel roads are dynamic by nature and do react to changing 
weather conditions. North Badgebup Road has not always looked as good as it does 
in the photographs in this paper.  However, it has not demanded as much attention 
as it used to and it has remained entirely serviceable.  User comments to the 
Municipality have been very positive. Because the County left the remainder of the 
road untreated (control section) it still has to send regular maintenance teams to the 
area.  This negates many of the savings achievable. The introduction of objective 
evaluation methods is critical.  Without meaningful methods, benchmarks and 
good financial records the exercise can become meaningless and eventually results 
in a perceived failure.  The introduction of EarthZyme will prevent this failure. 

 
 
 
                     Summary 
 
 A decision was made 3 years ago to treat in situ materials on North Badgebup Road 

with EarthZyme rather than resheet with imported gravels.  Historically, these 
materials required 6 major maintenance grades a year, especially at harvest time 
when traffic volumes rise to 200 heavy vehicles per day.  The majority of this 
traffic is 40 to 50 tonne road trains, carrying wheat to a nearby grain elevator. 

 
 Long since the treatment the road has required only 3 light grades.  The current 

condition of the road is extremely good and the prognosis for the future is also good. 
 By considering the expenditure on the road over a 10 year period, the cost per 
vehicle kilometre is minimal. EarthZyme is proving its merit on this occasion and 
the County’s expensive gravel resource is much higher as a result of using the 
marginal material. High levels of co-operation between the Municipality and the 
EarthZyme supplier, objective evaluation systems, and good financial records are 
showing a significant return on investment for the County with little or no on-going 
maintenance, the result being a 45% reduction in the cost of the road over a 10 year 
period. 

 
                                             
 PROFESSIONAL SUMMATION, September 4, 2002  
 (1992 to above date) 
 
 The road in this study maintained it's exceptional condition so well that the 

Municipality applied a low cost chip/seal on the EarthZyme treated road surface 
and it continues to hold up very well to this day. 
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 Recent Update 
 27/07/2006 
 
 I have inspected the section of North Badgebup Road in question and
 can advise that of the whole section of North Badgebup Road this section 
 has not been resheeted, even though the rest of the road has. This road 
 however should be due for a resheet within the next 2-3 years. 

  
 The maintenance grading that has occurred has slightly increased to 
 about 3-4 grades per year. In telling you this it must also be noted that 
 although the traffic count is roughly the same, the heavy haulage 
 vehicles have increased in size (weight carrying capacity) over this 
 period. 
 
 The sealed section and unsealed section have both held up well. Work is 
 actually scheduled for 2007/08 for widening the sealed section to a 6m 
 wide seal. 
 
 It looks like there has been minimal stripping of aggregate during this 
 time due to the lack of loose aggregate in the drain, batters and verge. 
 The dust indicator rating is relatively low in relation to the rest of North 
 Badgebup Road. 
 
 Regards 
 Allister Butcher 
 Manager of Works 
 
 Shire of Katanning 
 P.O. Box 130 
 16-24 Austral Tce 
 Katanning W.A. 6317 
 
 Ph: (08) 9821 4200 
 Fax: (08) 9821 1458 
 Mob: 0418 913 700 
 
 
 
                                            "End of Case Study Documentation" 
  
 
 
 
 
                                       Cypher International Ltd. wishes to acknowledge the co-operation of Mr 

Juergen Gossman, County Engineer at the Municipality of Katanning, 
and his team, for their continued support since 1992. 
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