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Project Background 

The 66-mile Shropshire Union Canal runs from Wolverhampton in the West Midlands of England to the 

River Mersey in Ellesmere Port. The canal was built in the late 1790ôs.  

 

The Shropshire Union main line was the last trunk narrow canal route to be built in England. It was not 

completed until 1835 and was the last major civil engineering accomplishment of Thomas Telford. 

 

The name Shropshire Union comes from the amalgamation of the various component companies ï 

Ellesmere Canal, Birmingham and Liverpool Junction Canal, Montgomery Canal ï that came together to 

form the Shropshire Union Railways and Canal Company. 

 

 

 

http://www.visitbritain.co.uk/destinations/england/heart-of-england/wolverhampton.aspx
http://www.visitbritain.co.uk/destinations/england/index.aspx
http://www.visitbritain.co.uk/destinations/england/englands-north-country/ellesmere-port.aspx
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Figure 1 ï Shropshire Union Canal 

 

One section of this canal the Shebdon Embankment between Norbury Junction and Knighton Wharf 

failed in August 2009, it was reported a 'football sized' hole in the side of the Embankment caused this 

section of the Shropshire Union Canal to be closed. The embankment has a long history of problems 

associated with it, several areas of the embankment show evidence of water egress, it is believed this is 

consequence of ongoing subsidence of the embankment.  

 

 

Figure 2 ï Shebdon Embankment. 

 

Over recent years many attempts have been implemented to stem these ongoing leaks, specifically on late 

was the introduction of sheet piles on both sides the canal however this was not able to stop water from 

dissipating through the canal bed and out the sides of the embankment. This culminated in the massive 

failure seen in August 2009 which led to its immediate closure to affect repair. Several options were 

identified and reviewed including laying concrete as a base and vertically piling concrete columns to 

affect a stable base. However what was adopted was a novel approach not previously tried in such 

applications. This approach consisted of mixing sediments present in the canal bed with a proprietary 

slurry mixture of bentonite and cement in the bed of the canal (in-situ) using a purpose built soil mixing 

rotary cultivator on the end of the boom of a 30ton digger. The resultant mixture was allowed to cure and 

be re-worked; the mixture was designed to produce a bed as similar as possible to the original puddle 

clay. The aim of the project was maintain as much of the existing canal bed as possible and improve the 

http://canalplan.tty.org.uk/cgi-bin/gazetteer.cgi?id=o0v9
http://canalplan.tty.org.uk/cgi-bin/gazetteer.cgi?id=a9eo
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geotechnical properties of the silt and detritus on the canal base to form a flexible yet strong and 

impermeable barrier to minimize the effects of future subsidence issues associated with the canal 

embankment 

 

Technology and Approach. 

Eco Foundations Ltd. proposed this in-situ approach whereby they planned to utilise their mass soil 

mixing rig to solidify the base of the canal into a clay-like substance utilising a proprietary cement / 

bentonite binder developed in association with Envirotreat Technologies Ltd. 

 

Based on project requirements, pre-construction soil mixing and testing trials / assessments were 

undertaken to demonstrate to British Waterways what was achievable using this ground improvement 

technique. 

Due to requirement of reopening the canal to traffic as soon as possible some of the normal testing 

parameters were omitted to able  the actual works to be carried out within the short time scale available. 

Therefore key parameters such as sediment analysis and permeability testing could not be undertaken and 

success was reliant on the experience of both Eco Foundations Ltd and Envirotreat Technologies Ltd. 

 

Mix Design 

Eco Foundation supported the idea for this project on the basis of their soil mixing experience. Eco 

Foundation commissioned Envirotreat to assist with the design of the additives on the basis of their 

experience in construction low permeability soil mixed barriers. This soil mixed barrier technology can be 

traced back to the early 1960ôs USA and therefore has a long pedigree and is proven. The Eco 

Foundations proposal was to use this technology is a different but innovative way. The overall design had 

not only to have low permeability but also have to have certain geotechnical properties.  

 

Eco Foundation offer a large and diverse range of modern piling equipment to carry out many different 

types of piling and foundations techniques including sheet piling, secant piling, CFA piling, large 

diameter bored piling, vibrated concrete columns, vibrated stone columns, vibrationless piling, silent 

piling, displacement piling, pile driving, construction piling, piling engineering, wet soil mixing, dry soil 

mixing and mass soil stabilisation. 

 

Eco Foundation have been developing and delivering deep soil mixing systems for the past two years. 

Deep soil mixing systems mix binder in situ with soft soils for ground improvement and mass soil 

stabilisation. The binder is typically cement, lime, blast furnace slag or a combination. 



SHEBDON CANAL RESTORATION 
December 

1, 2009 
 

Page 5 

 

Eco Foundation have developed several types of in situ wet and dry soil mixing used in ground 

engineering, on the Shebdon Canal project it was proposed that the Mass Soil Mixing approach be 

utilised, where a whole area of very soft or contaminated ground requires improvement. This system 

utilises an excavator with a soil mixing tool which mixes the material in the ground with a binder 

introduced to stabilise the soil and raise the strength as required. Depths of 6 m can be achieved using this 

method. 

 

Envirotreat are a specialist remediation solution provider, with over 20 years direct experience of 

delivering sustainable and cost effective treatment solutions to wide range of contamination related 

problem.   

 

Envirotreat developed their low permeability ground water barrier technology first on a real project in 

West Drayton, Middlesex, part of which involved the construction of an in-situ physical barrier of low 

permeability. This physical (passive) barrier was designed to prevent migration of contaminated 

groundwater from the treatment zone and also prevent ingress of ground water into the treatment area. 

Following two months post treatment, coring of the treated area showed that the treatment was fairly 

homogeneous and consistent. The cored samples were tested The Unconfirmed Compressive Strength 

(UCS) ranged between 990 and 1480kPa, the permeability between 0.64x10
ï9

 and 2.56x10
ï9

 m/s. The 

wetïdry and modified freezeïthaw durability (with a reduced freezing temperature from minus 20
o
C to 

minus 10
o
C in part of the test) produced satisfactory results. The same cored samples were then cured in 

the laboratory and tested at 1.2 and 2.3 years, each showed general improvement of the above properties 

with time. At 2.3 years the UCS ranged between 2000 and 3500 kPa, the permeability between 0.1x10
ï9

 

and 1.1x10
ï9

m/s. An Engineering and Physical Sciences Research Council (EPSRC) funded project 

(1999ï2000) enabled a return to the West Drayton trial site in 1999 to extrude core samples at 4.5 years 

after treatment to assess the longer term performance of the soil-mixed treated contaminated ground. The 

same physical and chemical properties were tested as before. The results show very little sign of 

deterioration in any of the properties tested. The UCS ranged between 1400 and 7550kPa, the 

permeability between 0.01x10
ï9

 and 2.5x10
ï9

m/s. 

 

In terms of mix design the difficulties at Shebdon was the diverse nature of material on the canal base 

which needed to be incorporated into the overall mix. 
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Figure 3 ï Drained canal section, shown centre is one of the identified holes. Note diverse nature of base 

material 

 

Initial analysis indicated material ranging from fine sands through to large stones (500mm +). The 

difficulty was not achieving material of suitable permeability, but achieving other geotechnical properties 

such as plastic limit, bearing pressure, sheer strength and dispersibility. 
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Figure 4 & 5 ï Drained canal section, showing diverse nature of canal base material and sampling g 

location. 

 

The initial criteria given by British Waterways for the ñre-engineeredò clay was given as; 

 

 

 

The specification proposed had obviously been based around the British Waterways specification for 

puddle clay (see over) 
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PUDDLE CLAY SPECIFICATION  

 

1) General - Material to be used as puddle clay shall be naturally occurring homogeneous plastic 

material. It shall be free from deleterious matter such as sand, stones and organic material. The use of 

lime-stabilised clays shall not be allowed. 

2) Properties 

a. More than 65% of the natural material shall be finer than 0.06mm and more than 40% shall 

be finer than 0.002mm. 

b.  The natural material shall be defined as firm clay in accordance with BS5930:1981 Table 8 

(Cu 40-75 kPa). 

c. The natural material shall be defined as clay of intermediate to extremely high plasticity in 

accordance with BS5930:1981, figure 31 and the liquid limit shall not be less than 35%. 

d. The coefficient of permeability (k) of the remoulded material shall not be greater than 10
ï9

 

m/s. 

e. The remoulded material shall be defined as Non-dispersive (ND1) in accordance with 

BS1377:Part 5:1990, Table 2. 

3) Identification - An indication of a materialôs suitability may be obtained from the following 

empirical tests, at the moisture content agreed for placement. 

a. Tenacity Test - A 300mm long, 25mm diameter cylinder of clay is held vertically for 15 seconds 

so that at least 200mm is unsupported and in tension under its weight. If the cylinder breaks 

the clay will be rejected as unsuitable. 

b. Pinch Test - A 75mm diameter ball of remoulded clay is squeezed into a 25mm thick flat disc. If 

any cracks appear the clay may be rejected as unsuitable. 

c. Slaking Test - A 50mm diameter ball of remoulded clay is placed in a 600ml beaker and covered 

with water. If the ball disintegrates within 24 hours the clay may be rejected as unsuitable. 

d. Permeability Test - A sample of remoulded clay shall be formed into a tray to hold 20 litres of 

water and the loss measured after 24 hours. This shall be compared with the water loss from 

a metal tray of the same surface area holding the same quantity of water. If the difference is 

greater than 1% the clay may be rejected. 

4) Acceptance 

a. A representative sample of the proposed clay material, not less than 10kg in weight together with 

appropriate tests results shall be supplied to the Engineering Manager for his acceptance not 



SHEBDON CANAL RESTORATION 
December 

1, 2009 
 

Page 9 

 

more than two weeks after acceptance of the Tender, and at least four weeks in advance of 

any proposed change in source or quality of the material. 

b. Test results to BS1377 are required as follows: 

i. Grading 

ii. Liquid and Plastic Limits 

iii.  Natural Moisture Content 

iv. Coefficient of Permeability of remoulded clay 

v. Pinhole Dispersion of remoulded Clay 

vi. Compaction (2.5kg rammer) 

5) Emplacement 

a. The clay should be reworked in a stockpile on site and water added as necessary to destroy the 

original structure of the clay and produce a smooth plastic homogeneous puddle clay with a 

moisture content of a minimum of 1.3 times the plastic limit. Reworking of the clay should 

be carried out in such a manner as to prevent contamination. 

b. The method of placing the clay shall be agreed by the Engineering Manager before work 

commences. Whatever means are adopted they shall produce a continuous homogeneous 

plastic mass of puddle clay effectively free from voids, laminations or imperfections which 

could affect its water retaining properties. 

c. The clay shall be placed in horizontal layers not exceeding 150mm consolidated thickness and 

compacted by an approved method to an air void content not exceeding 5%. 

d. Unless agreed otherwise with the Engineering Manager, the type of compaction plant and number 

of passes shall conform with the requirements of Clause 608 and Tables 6/1 and 6/4 for 

material Class 7C (selected wet cohesive material) of the DoT specification for Highway 

Works Part 2. 

e. Before placing a further layer of puddle, the surface of the previous layer shall be cleansed of all 

slurry and surplus water and the surface prepared to ensure that the clay to be placed shall be 

integrated with that already placed. Preparation of surfaces between successive layers shall 

be formed by frequent non-continuous spade cuts into the upper surface of the clay to depth 

of 75mm. 

f. Where clay puddle is to be joined with existing clay puddle, the existing clay shall be cut back 

and stepped to form a good key between the existing and new clay puddle over a distance to 

be agreed by the Engineering Manager, but not less than 1000mm. All trace of junction 

marks shall be wholly eliminated.  
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g. Precautions shall be taken to ensure any puddle clay awaiting placing, puddle clay which has 

been placed and any puddle clay in dry areas shall be kept continuously wet to prevent it 

drying out and covered by waterproof sheets to protect it from rain damage. Precautions shall 

be taken to prevent the material freezing.  

 

This specification is notoriously tough and it needs to be. What no-one wants to see is a leaky canal 

Obviously the full specification could not be applied on the basis that no material was to excavated from 

the canal base and therefore strictly no re-emplacement stage either. Likewise some of the physical 

parameters could not be guaranteed due to the nature of the utilised at the bottom of the canal used in 

producing the ñre-engineeredò clay. It was on this basis that an additive mixture was designed to produce 

the ñbestò specification in terms of geotechnical properties based on a broad average of material present 

in the canal base. 

 

Onsite Works 

A hydraulic mixing unit attached to an excavator was used for the in-situ mixing element of the works. 

The mixing power is based on the horizontal locating of the drums and the unique structure of the mixing 

parts. The drums rotate simultaneously at the same time mixing the material in a controlled way. Attached 

to rig the mixer would be able to process soils / sediments all the way up to a depth of 6 meters, although 

it was intended only to treat down 1.5metre of sediment, in some softer areas this was extended to 4 

meters. The binder additive was pumped into the ground through a tube to a selected location near the 

drums. The amount of binder per unit square was strictly controlled throughout. 
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Figure 6 ï Soil Mixing Head (binder outlet situated just behind each cutting wheel). 

 

 

Figure 7 ï Soil Mixing in operation 
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Site logistics dictated that the plant was floated down on lagoons to reach the affected area. During the 

works due to the instability of the canal base a timber mat was installed to carry to weight of the rig 

equipment which was relocated as necessary throughout. 

 

 

Figure 7 ï Rig working off a temporary timber platform. 

 

The fully automated batching plant was mobilised to the nearest suitable location, which was in a field at 

the bottom of the embankment over 500m away. 

 

The batching plant consisted of bulk storage for the additives, a 1,000lite shear mixing unit and 4,000litre 

holding tank. The slurry was made to predetermined proportions in the smaller shear mixer prior to 

transfer and storage to the large tank. From the larger tank the slurry was pumped to the rig and the 

mixing head.  
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Figure 8 ï Computer controlled batching plant fed the grout mix some 500m to the power mixer. 

 

The actual slurry strength was adjusted following onsite trial soil mixing to determine, one that the 

consistency was correct based on sediment wetness and two that the 4,000litre batch produced treated a 

suitable area of canal which could be easily measured and repeated.  

 

Following mixing the resultant material solidified after 24 hours, as expected any excess water pooled on 

the surface. Treatment of the canal was achieved at an average of 15m length per day. Re-profiling of the 

canal was undertaken within three days of soil mixing to produce the final canal profile and required 

compaction of the canal base. 

 

The total works all almost 200metres of canal base have been treated, re-profiled, flooded and then 

opened for public use within the 4 week programme. 

 

As figure 3 shows that the canal profile at commencement was relatively V shaped with the deepest part 

at the centre. The first aim of the project was to level the base to allow for the creation of a working 

platform at the canal centre to work from (see figure 9) and secondly to ensure easy and accurate 

determination of treatment depths and therefore treatment rate. 
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Figure 9 ï Canal profile at commencement of works indicating depth from water level to canal base. 

Then next stage was the actual sediment treatment to produce the ñre-engineeredò clay. Treatment areas 

and volumes were accurately measured to ensure correct addition rates of treatment additives. Generally 

sediments down to a depth of 1.5 metre were treated, as shown in figure 10. 

 

Figure 10 ï Canal profile following in-situ treatment 
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Figure 11 ï Canal profile following in-situ treatment 

 

 

Following on form the treatment after a suitable period of curing the material was re-grading as shown in 

figure 12 and figure 13 

 

Figure 12 ï Canal profile following re-grading. 
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Figure 13 ï Re-profiled canal basin on completion. 

 

 

On-site and offsite testing and Results. 

 

A testing regime and frequency was agreed between British Waterways and Eco Foundations. 
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On-site Results 

Table 1 - Northern Section 

Chainage

1
1
0
8

1
0
9
8

1
0
8
1

1
0
6
5

1
0
5
0

Area 

Cell 

Reference
N1A N1B N2A N2B N2C N3A N3B N3C N4A N4B N4C N5A N5B

Date Mixed

Sampling

Window 

Sample
N1A N2A N3A N4A N5A

Shear Vane (at 

200mm / at 

400mm)

91/45 67/100 44/63 59/100 73/63

Soakaway 1.42E-08 1.48E-08 9.91E-09

Window 

Sample
N1B N2B N5B

Shear Vane (at 

200mm / at 

400mm)

41/41 (*) 87/33 25/30 (*) 40/39 34/40

Soakaway Aborted 3.65E-09

Window 

Sample
N1C N2C N4C N5C

Shear Vane (at 

200mm / at 

400mm)

Soakaway

Towpath

C
O

N
S

T
R

U
C

T
IO

N

S
a
m

p
li

n
g

 a
n

d
 T

e
s
ti

n
g

 L
o

c
a
ti

o
n

s

Northern

28-Sep-09 29-Sep-09 30-Sep-09 1-Oct-09 2-Oct-09

Off-Side

Central

 

Table 2 - Centre Section 

Chainage 9
8
9

9
8
5

9
7
8

9
7
4

9
6
9

9
6
4

Area 

Cell 

Reference
C1 C2 C3 C4 C5 C6

Date Mixed

Sampling

Window 

Sample
C1A C2A C3A C4A C5A

Shear Vane (at 

200mm / at 

400mm)

82/83 45/90 74/- (*)

Soakaway 4.54E-08 7.55E-08

Window 

Sample

Shear Vane (at 

200mm / at 

400mm)

29/32 (*) 40/56

Soakaway

Window 

Sample

Shear Vane (at 

200mm / at 

400mm)

Soakaway

Central

9-Oct-09 10-Oct-09

C
O

N
S

T
R

U
C

T
IO

N

S
a
m

p
li

n
g

 a
n

d
 T

e
s
ti

n
g

 L
o

c
a
ti

o
n

s

Off-Side

Central

Towpath

 

Table 3 ï Southern Section 

Chainage 9
0
9

9
0
5

9
0
0

8
9
5

8
9
0

8
8
5

8
8
0

8
7
7

8
7
0

8
5
0

Area 

Cell 

Reference
S17 S16 S15 S14 S13 S12 S11 S10 S9 S8 S7 S6 S5 S4 S3 S2 S1

Date Mixed

Sampling

Window 

Sample
S1A S2A S3A S4A

Shear Vane  

(at 200mm / at 

400mm)

27/30 (*) 29/43 (*) 59/49 48/67
34/54 

(*)
35/51 (*) 65/43 (*)

Soakaway 3.36E-07 1.93E-08 3.97E-08

Window 

Sample
S5B S6B

Shear Vane  

(at 200mm / at 

400mm)

28/26 (*) 30/31 (*) 44/20 46/30
22/18 

(*)
24/18 (*) 19/16 (*)

Soakaway 3.26E-08

Window 

Sample
S7C S8C S9C S10C

Shear Vane  

(at 200mm / at 

400mm)

32/36 (*) 22/20 (*) 28/41 50/78

Soakaway Aborted

5-Oct-09 4-Oct-09

C
O

N
S

T
R

U
C

T
IO

N

S
a
m

p
li

n
g

 a
n

d
 T

e
s
ti

n
g

 L
o

c
a
ti

o
n

s

Off-Side

Central

Towpath

Southern

8-Oct-09 7-Oct-09 6-Oct-09
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Accredited external testing and results 

All external geotechnical testing was undertaken by 

 

Geolabs Limited 

Bucknalls Lane 

Garston 

Watford 

Hertfordshire 

WD25 9XX     

 
1982 

Geolabs Limited 

Issue No:009  Issue Date:30/01/2008 

Address: 

Bucknalls Lane 

Garston 

Watford 

Hertfordshire 

United Kingdom 

WD259XX 

 

Contact: Mr J R Masters 

Tel:  +44 (0) 1923 892 190  +44 (0) 1923 892 190  

Fax:  +44 (0) 1923 892 191 

E:Mail: geolabs@nildram.co.uk 

Website: http://www.geolabs.co.uk 

 

Testing performed at permanent laboratory 

  

 

  

 

mailto:geolabs@nildram.co.uk
http://www.geolabs.co.uk/
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Table 4 ï Basic parameters 

Sample description, Moisture Content of Soil (BS1377 : Part 2 : Clause 3.2 : 1990) and Bulk and dry 

density by Linear measurement (BS1377 : Part 2 : Clause 7.2 : 1990) 

Sample 

Description 

Description Bulk density 

(Mg/m
3
) 

Moisture 

content (%) 

N1A Soft red gravelly CLAY 1.88 37 

N1B Soft red slightly sandy gravelly CLAY 1.90 29 

N2B Soft red  gravelly silty CLAY with rare shell 

fragments 

1.92 40 

N2C Soft red slightly sandy gravelly silty CLAY  1.93 31 

N3A Soft red slightly sandy gravelly silty CLAY 1.89 32 

N4A Firm red  sandy slightly gravelly silty CLAY  1.71 44 

N4C Soft red slightly sandy  gravelly silty CLAY 

wirh rare rootslets 

1.91 37 

N5A    

N5B Soft red  sandy gravelly silty silty CLAY, 

sand is fine 

2.15 15 

N5C Soft red-brown slightly sandy slightly 

gravelly sitly CLAY  

1.82 34 

N6A Soft red-brown slightly sandy slightly 

gravelly sitly CLAY  

1.81 45 

N6C Soft red-brown slightly sandy slightly 

gravelly sitly CLAY  

1.86 42 

C1A Fir m red-brown sandy gravelly sitly CLAY, 

sand is fine 

1.86 35 

C3A Soft red-brown slightly sandy gravelly sitly 

CLAY  

1.89 37 

C5A Soft red-brown slightly sandy gravelly sitly 

CLAY  

1.76 44 

S1A Soft red-brown slightly sandy slightly 

gravelly sitly CLAY  

1.86 41 
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Table 4 ï Conté 

Sample 

Description 

Description Bulk density 

(Mg/m
3
) 

Moisture 

content (%) 

S3A Soft mottled red-brown and grey slightly 

gravelly sandy silty CLAY, sand is fine 

1.89 24 

S4A Soft red-brown slightly sandy slightly 

gravelly sitly CLAY  

1.90 42 

S5B Soft mottled grey and brown  gravelly 

sandy silty CLAY, sand is fine 

1.90 26 

S6B Soft mottled red-brown and grey slightly 

gravelly sandy silty CLAY 

1.93 35 

S7C Red-brown sligthly sandy slightly gravelly 

silty CLAY  

1.91 28 

S8C Soft red-brown sligthly sandy slightly 

gravelly silty CLAY  

1.92 36 

S9C Red-brown sligthly sandy gravelly silty 

CLAY  

2.00 37 
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Table 5 ï Coefficients of Permeability 

Triaxial Permeability (BS1377 : Part 6 : Clause 6 : 1990), effective pressure 50KPa, undisturbed. 

 

Sample 

Description 

Coefficient of 

Permeability (m/s) 

N1A 1.70E-08 

N2B 3.60E-09 

N3A 7.90E-09 

N4C 5.60E-09 

N5A 1.80E-10 

N5B 1.80E-10 

N6A 1.50E-08 

C1A 1.10E-08 

C3A 8.20E-09 

C5A 8.30E-09 

S3A 1.00E-08 

S5B 1.00E-09 

S6B 2.60E-10 

S7C 1.80E-09 

S9C 5.20E-09 
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Table 6 ï Determination of Dispersibility 

Durability - Erodibility by Pinhole Method (BS1377 : Part 5 : Clause 6.4 : 1990) 

 

Sample 

Description 

Dispersibility (pinhole 

method) 

N1A ND1 - Non-dispersive 

N1B ND1 - Non-dispersive 

N2B ND1 - Non-dispersive 

N2C ND1 - Non-dispersive 

N3A ND1 - Non-dispersive 

N4A ND1 - Non-dispersive 

N4C ND1 - Non-dispersive 

N5A ND1 - Non-dispersive 

N5B ND1 - Non-dispersive 

N5C ND1 - Non-dispersive 

N6A ND1 - Non-dispersive 

N6C ND1 - Non-dispersive 

C1A ND1 - Non-dispersive 

C3A ND1 - Non-dispersive 

C5A ND1 - Non-dispersive 

S1A ND1 - Non-dispersive 

S3A ND1 - Non-dispersive 

S4A ND1 - Non-dispersive 

S5B ND1 - Non-dispersive 

S6B ND1 - Non-dispersive 

S7C ND1 - Non-dispersive 

S8C ND1 - Non-dispersive 

S9C ND1 - Non-dispersive 
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Table 7 ïQuick Undrained Triaxial Test 

Single stage, single 38mm or 106mm diameter specimen (BS1377 : Part 7 : Clause 8 : 1990) 

Shear Strength(s)  

Deviator Stress(es) at failure  

Strain(s) at failure  

Sample 

Description 

Max Deviation 

Stress (kPa) 

Shear Stress 

(kPa) 

N1A 70 35 

N1B 71 35 

N2A   

N2B 35 17 

N2C 29 15 

N3A 49 25 

N4A 116 58 

N4C 79 39 

N5A   

N5B 82 41 

N5C 82 41 

N6A 40 20 

N6C 95 47 

C1A 103 51 

C3A 81 40 

C5A 20 10 

S1A 45 22 

S3A 66 33 

S4A 88 44 

S5B 52 26 

S6B 56 28 

S7C   

S8C 68 34 

S9C 37 18 
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Table 7 ï Liquid & Plastic Limits (Atterberg Limits) 

Liquid and Plastic Limits of soil 1 point cone penetrometer method (BS1377 : Part 2 : Clauses 4.4, 

5.3 & 5.4 1990) 

Sample 

Description 

Moisture 

content (%) 

Liquid Limit 

(%)  

Plastic Limit 

(%)  

Plastic Index <425µm 

sieve (%)   

N1A 37 38 26 12 75 

N1B 29 35 23 12 62 

N2A      

N2B 40 39 25 14 69 

N2C 31 34 22 12 74 

N3A 32 37 26 11 63 

N4A 44 70 42 28 97 

N4C 37 42 28 14 71 

N5A      

N5B 15 31 12 19 95 

N5C 34 49 30 19 98 

N6A 45 56 30 26 96 

N6C 42 62 37 25 98 

C1A 35 41 28 13 67 

C3A 37 41 27 14 76 

C5A 44 54 35 19 97 

S1A 41 40 26 14 77 

S3A 24 35 22 13 76 

S4A 42 50 31 19 98 

S5B 26 39 24 15 68 

S6B 35 34 24 10 65 

S7C 28 45 25 20 97 

S8C 36 41 27 14 96 

S9C 37 35 19 16 76 
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Discussion and Conclusions 

Taking into consideration the diversity of material present in the canal on commencement of the project, 

both the on-site and subsequent laboratory based results are very good. 

 

The laboratory based permeability results are all in excess of 10
-8
 with many greater than 10

-10
m/s, 

indicating that required permeability has been achieved across the whole canal treatment area, this is 

further backed up by the onsite testing undertaken. 

 

The dispersibility results are also very good and all show no erosion during the test, this indicates that the 

material is cohesive and not likely to erode or disperse. 

 

In respect to the Atterberg Limits of the samples, the average Liquid Limit across the canal profile was 

44% with only one result less than 35% (N2C at 34%). The percentage retained on the 435um sieve 

clearly indicates the variation in material within the canal bed, ranging from 62% to 98%. The average 

Plastic Index across the canal was 16, ranging between 12 and 28. 

 

Again density testing (both bulk and dry) show significant variation in canal base material, with bulk 

density varying from 1.97 (N4C) to 2.24Mg/m
3 

(N5B) and dry density varying from 1.24 ((N4A) to 

1.67Mg/m
3
 (S3A). 

 

In respect to shear strengths the field tests were generally acceptable at both 200 and 400mm depths, 

those lower results were consistent with pools of standing water on the surface signifying incomplete 

curing of the additives. The laboratory tested shear strengths as determined by the Quick Undrained 

Triaxial Compression methodology on undisturbed samples. The average across the canal was 32Kpa 

based on 50KPa cell pressure throughout the test. Four results were lower than 25KPa, where equivalent 

onsite tests were undertaken the results indicated were much higher. On completion of the test the test 

specimen were be taken out and failure patterns noted, these all looked normal. 

 

As stated the results are encouraging in respect that over the whole canal section that the canal 

sediment has been effectively ñre-engineeredò into a material with properties which will 

effectively produce a base which is non-permeable and cohesive. The ñre-engineeredò base will 
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have the strength and flexibility to withstand expected external forces exerted by normal canal 

activities. 

 

It should also be considered that as the additive is predominately cement / bentonite based that 

the material properties will be enhanced over time. 
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