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1. Project Overview 
VertaseFLI were approached by an environmental consultancy to undertake stabilisation 

trials on peat in order to demonstrate that a site’s subsurface could be improved to enable 

support for infrastructure associated with a motorway service station.  

2. Project Summary (Abstract) 

In-house testing, by way of hand-held penetrometer and hand shear vane, on twenty 

generated samples indicated that a number of mix designs were worthy of further 

investigation, at an accredited geotechnical laboratory for unconfined compressive strength 

(UCS) and California bearing ratio (CBR) testing.  

The geotechnical results indicated that 28 day CBR results of 4.4 to 11% could be achieved 

with moderate additions of cement and traditional and non-traditional agents.  

Testing utilising the NEN7375 ‘tank test’, undertaken in-house with eluate analysis 

undertaken at an accredited analytical laboratory, indicated that the two strongest mixes 

were durable with no matrix dissolution.  

3. Cited Literature (Introduction) 

 Peat and peaty soil can be found on water saturated land where the reduced levels of oxygen 

have hindered the aerobic degradation of plant matter. Where this is the case, dead 

vegetation builds up progressively and peat layers form.  

 Peat and peaty soil have low bearing capacity and are highly compressible and require 

geotechnical improvement where they are proposed to be maintained below structures.  

The use of cement in significant quantities(1) (300kg/m3) has been shown to significantly 

increase the unconfined compressive strength to generate a suitable geotechnical material. 

The introduction of other granular material, along with cement, has demonstrated that this 

method reduces the need for such high cement additions, while returning equal or superior 

geotechnical properties(2). 

Cement hydration and the subsequent cementitious reactions are known to be key in 

structure formation and additives, such as sand, play a vital role in enhancing the bonding in 

cementation reactions by filling voids and providing a skeleton(3). 

4. Methodology and In-House Testing Results 

VertaseFLI instrumentation used for sample generation and indicative testing included: 

 Sartorius Moisture Analyser - MA35 

 Hobart Planetary Mixer 

 Hanna Instruments HI-98128 (pH and temperature) 

 Humboldt H4200 Penetrometer 

 Pilcon DR6222 Hand Shear Vane 
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Suitable homogenisation of well degraded and less degraded material (photo 1) was 

undertaken; initially manually and then with the aid of the planetary mixer prior to the 

introduction of binders / additives in varying proportions.  

Following suitable homogenisation, but prior to the introduction of additives, moisture 

analysis was undertaken utilising the Sartorius MA35 instrument. Results of 85% moisture, 

15% solids were obtained.   

Twenty mix designs were fabricated by the introduction of peat and binders into the 

planetary mixer bowl, with thorough mixing implemented. Temperature and pH was 

measured before (peat only) and after mixing.  

For each of the designs: 

 5 no. 200ml samples were generated to allow for in-house testing of shear and 

penetrative strength at 1 day, 4 days, 7 days, 14 days and 28 days; 

 3 no. 100mm diameter samples were generated for unconfined compressive 

strength (UCS) testing at an accredited third-party facility – 14 day and 28 day 

(with 1 spare); 

 2 no. 150mm diameter samples were generated for California Bearing Ratio (CBR) 

testing at an accredited third-party facility – 14 day and 28 day; 

Table 1. Details the design mixes and description at 28 days. 

Sample ID Binder % Additive % 28 Day Description 

T01 Cement 5% No Additive Soft. Very malleable. Damp 

T02 Cement 10% No Additive Drier, firmer and less malleable than T01 

T03 Cement 15% No Additive Drier, firmer and less malleable than T02 

T04 Cement 20% No Additive Dry. Firm. Slightly Friable. Good compactable material. 

T05 ‘A1’ 5% No Additive Soft. Very malleable. Damp 

T06 ‘A1’ 10% No Additive Soft. Very malleable. Damp 

T07 ‘A1’ 15% No Additive Drier, firmer and less malleable than T06 

T08 ‘A1’ 20% No Additive Fairly dry. Reasonably firm. Slightly friable.  

T09 Cement 10% ‘A2’ 10% Fairly dry. Firm. Slightly friable. Reasonably compactable. 

T10 ‘A1’ 10% ‘A2’ 10% Dry. Fairly friable. Fairly firm. Moderately compactable.  

T11 No binder ‘A2’ 10% Soft. Malleable. Not compactable.  

T12 No Binder ‘A2’ 20% Soft. Malleable. Not compactable. 

T13 Cement 5% ‘A3’ 25% Fairly firm. Fairly friable. Moderately compactable. 

T14 Cement 10% ‘A3’ 25% Very firm. Friable. Good compactible material. 

T15 Cement 15% ‘A3’ 25% Very firm. Friable. Very good compactible material. 

T16 Cement 5% ‘A4’ 25% Firm. Fairly friable. Reasonably compactible material. 

T17 Cement 10% ‘A4’ 25% Very firm. Friable. Good compactible material. 

T18 Cement 15% ‘A4’ 25% Very firm. Friable. Very good compactible material. 

T19 Cement 10% ‘A4’ 10% Fairly firm and dry. Malleable. Some recompactability. 

T20 Cement 7.5% No Additive Soft. Malleable. Damp. 

* A1, A2, A4 are Combustion Waste Materials, A3 is Sand 
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Temperature and pH increases were observed on mixing, the highest being where the 

greatest quantity of cement was used.  

Photographs of T12, T15 and T18 at 28 Days are shown as Photos 2-4 respectively. 

Figure 1 shows the strength gain (as determined by hand shear vane) for six of the twenty 

mixes.  

Figure 1. Hand Shear Vane Results 

  

 

 

 

 

 

 

 

 

 

 

 

 

No appreciable strength is obtained without the addition of cement; as is evidenced by the 

T12 sample.  

15% cement addition alone (T03) improves the material markedly, and with the addition of 

further agents greater strength gain can be achieved.  

Strength gain was typically measurable between Day 1 and Day 4. Once a degree of strength 

was obtained by the sample, and the shear vane could not penetrate, the previously 

measures strength was taken as current.  

5. Third Party Geotechnical Testing Results 

A number of samples were submitted for UCS and CRB testing at 14 and 28 days. Figure 2. 

shows the strengths recorded (UCS results in brackets).  
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Figure 2. CBR and UCS Results. 

  

 

 

 

 

 

 

 

 

 

 

 

 

Photographs of the T15 and T18 sample post-CBR testing are shown as Photos 5 and 6.  

6. Tank Testing 

The two strongest materials (T15 and T18) were subjected to the NEN7375 tank test at the 

VertaseFLI facility, with the eluate collected at days ¼, 1, 2¼, 4, 9, 16, 36 and 64 for testing at 

a third-party analytical laboratory for pH, electrical conductivity, sulphate, chloride and 

calcium as a minimum.  

Photos 7 and 8 show the samples prior to testing, 9 shows the monoliths in the tanks and 10 

shows the monoliths after 64 days of being immersed in de-ionised water.  

Results of the analytes (in accordance with NEN7375 procedures) indicate the materials to 

be durable with no matrix dissolution.  

7. Discussion 

A moderate amount of additives are required to overcome the moisture content and 

inorganic content of peat in order to form a material capable of bearing loads.  

A CBR of 7% is obtainable with the addition of 15% Cement. A similar strength is obtainable 

with 10% Cement and 25% ‘A4’ additive. 

‘A4’ is a waste material of elevated pH and copper and zinc. A 25% addition of this material 

was not sufficient to render the resultant material hazardous by WM3. 
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Should this material be proposed for use, a groundwater risk assessment would be required 

to demonstrate suitability for use. There are, in addition, permitting hurdles that would need 

to be overcome. ‘A4’ does have end of waste classification, but not for the purpose in which 

it is proposed for here. 

The benefits of ‘A4’ are that handle-ability of the resultant material is improved (due in part 

to its granular nature), and on sustainability grounds a waste material is replacing the use of 

large carbon footprint cement.  

A very strong material is obtained when 25% ‘A4’ is used in conjunction with 15% Cement 

(CBR 11%).  

Unlike ‘A4’, ‘A3’ is a natural ‘non-waste’ product with no waste management issues. ‘A3’ is 

also granular but due to its neutral pH will not participate in the cementitious reactions 

required to solidify the peat.  

Both ‘A3’ and ‘A4’, being granular, will assist in forming a skeleton within the treated 

material in order to provide structure to the material. 

Additives ‘A1’ and ‘A2’ were both powders. ‘A1’ was a highly alkaline waste. ‘A2’ an alkaline 

waste with end of waste classification. Little benefit was observed when trailing these 

materials.  
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Photographs 

 

Photo 1: Recovered Peat Sample 

 

 

Photo 2: Sample T12 at 28 Days 
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Photo 3: Sample T15 at 28 Days 

 

 

Photo 4: Sample T18 at 28 Days 
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Photo 5: Sample T15 post-CBR Testing 

 

 

Photo 6: Sample T18 post-CBR Testing 
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Photo 7. T15 Monolith Prior to Tank Testing 

 

 

Photo 8. T18 Monolith Prior to Tank Testing 
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Photo 9. Tank Testing 

 

 

Photo 10. Post-Tank Testing 
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