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ABSTRACT:
This paper is a continuation o f previous work on in situ stabilisation/solidification o f a contaminated site in which
cement-based grouts were mixed with the site soils using mixing augers. Core samples o f seven different soil-grout mixes were tested at
two months following treatment for their unconfined compressive strength, durability, permeability, compressibility and leachate pH.
This paper contains the results o f tests carried out at fourteen months and hence investigates the medium term behaviour. The results
show that, at fourteen months compared to two months, the strength increased, the permeability and compressibility decreased, the wetdry durability remained the same and the leachate pH values reduced but remained within the design range. The freeze-thaw durability
deteriorated suggesting that the mixes can only withstand a limited number o f cycles. The results show that considerable changes have
taken places within approximately one year following the treatment and hence the design criteria usually imposed on 28-day samples
should allow for these changes.
RESUME: Ce rapport donne suite aux travaux deja realises sur la stabilisation et la solidification in situ des sites contamines pour
lesquels des coulis a base de ciment fiirent incorpores au sol a l’aide de tarrieres. Des carrottages provenant de sept differents melanges
de sol et de coulis fiirent testes apres deux mois de cure en terme de resistance a la compression simple, de durabilite, de permeabilite, de
compressibilite et de determination du pH apres filtration. Ce rapport foumit les resultats des tests effectues a quatorze mois et etudie
ainsi le comportement a moyer terme. Les resultats obtenus a quatorze mois compares a ceux obtenus apres deux mois montrent que la
resistance a augmente, la permeabilite et la compressibilite ont diminue, la durabilite en atmosphere seche ou humide n’a pas change et
les valeurs du pH du filtrat ont diminue tout en restant dans la fourchette de l’etude. La durabilite sous Taction du gel s’est fortement
reduite. Cela suggere que les echantillous ne peuvent supporter qu’un nombre limite du cycles. Les resultats montrent aussi que des
modifications importantes ont eu lieu dans l’annee qui a suivi le traitement et ainsi, que les criteres de calculs, generalement imposes sur
des echantillons a vingt huit jours devraient tenir compte de ces changements.

1 INTRODUCTION

long term performance o f the material. The long term
performance o f stabilised/solidified ground is not clearly
understood and no definitive test procedures exist to measure or
assess this property. Despite that, there is still very limited work
which has been reported in the literature on the medium and long
term performance o f stabilised/solidified contaminated soils. In
addition, the relevance o f the commonly used laboratory tests to
site conditions is being questioned (e.g. Kirk, 1996). However, in
the absence of appropriate tests which accurately model site
conditions in the medium and long terms, the existing methods
are used on samples following long periods o f curing.
The work presented in this paper is a continuation o f work
carried out on in situ stabilisation/solidification o f a contaminated
site in which seven different soil-grout mixes were applied during
a site trial. Following a period o f in situ curing core samples were
tested in the laboratory at two months. This paper presents the
results o f tests carried out on the cores, which were kept curing
under laboratory conditions, for fourteen months to investigate
the effect o f a period o f a year on the assessment properties
mentioned above.

In situ stabilisation/solidification o f contaminated soil is a
technology which has become increasingly used in the USA over
the past ten years and has recently emerged in the UK. The
treatment is applied to the soil using mixing augers through
which a grout is introduced and mixed with the contaminated soil
resulting in stabilised/solidified soil-grout columns (Day & Ryan,
1995). The success o f the in situ treatment methodology relies on
the injection and mixing processes o f the grout with the soil
being thorough and effective so that a homogeneous well-mixed
soil-grout monolithic column is produced in which the
contaminants are brought into direct contact with the grout
containing the stabilising additive.
In situ stabilisation/solidification o f waste containing mainly
inorganic compounds and heavy metals has been successful with
the use o f cement-based grouts (e.g. Grube et al, 1988, Poon,
1989 and Conner, 1993) which often contain lime as the
stabilising additive (e.g. Wheeler, 1995). However, stabilisation/
solidification o f waste containing organics has been far less
successful because some organics interfere with the hydration
and setting processes o f cement (e.g. Young, 1972,
Ramachandran, 1976, Walsh et al, 1986). An approach which
has been adopted to deal with this problem is to develop special
additives which are capable o f providing the link between the
organic waste material and the cement. Examples o f such
additives are natural and chemically modified (organophilic)
bentonites clays (e.g. Evans & Alters, 1991, Montgomery et al,
1991 and Smith & Jaffe, 1994).
The success o f a treatment should be judged in terms o f
satisfactory short, medium and long term performance o f the
resulting material. Treated contaminated ground is usually
assessed in terms o f physical and chemical properties including
strength, leachability, durability, permeability, compressibility and
leachate pH. Criteria for these properties are usually imposed on
28-day samples, hence giving little indication of the medium and

2 MIX DESIGN CRITERIA
There
are no
existing
design
criteria specific to
stabilised/solidified contaminated ground. However, the
following design criteria most o f which are usually used in
association with solidified waste were used:
1 Unconfined compressive strength (UCS): This is imposed to
ensure that the solidified waste has sufficient strength to be
handled and transported. The most commonly used criterion
was applied, this being based on the recommendation o f the
U S Environmental Protection Agency (USEPA, 1986)
which is a 28-day UCS (soaked) value for solidified waste of
at least 50psi (~350kPa). The ASTM test method was used
(ASTM, 1995a).
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2. Durability: This is required to assess the performance o f the
solidified waste in terms o f its ability to resist repeated cycles
o f weathering. The durability o f the treated soil was assessed
using the ASTM wet-dry and freeze-thaw durability tests
(ASTM, 1995b,c).
3. Permeability: This is a measure o f the potential for
contaminants to be released to the environment. The value of
10'9m/s usually used for clay liners was imposed. The
permeability was measured in triaxial cells using the flow
pump method (Head, 1992).
4. Compressibility: This is useful in the evaluation o f the
settlement o f solidified material. Low values o f the coefficient
of volume compressibility were targeted. The compressibility
was measured in standard consolidation tests (BS 1377,
1992).
5. Leachate pH: This is usually imposed when heavy metals are
present to ensure their low solubility. The criterion specified
relates to the pH value at the end o f a leaching test. The
leaching test used was the Toxicity Characteristic Leaching
Procedure (TCLP) (Federal Register, 1986) which is the
leaching test officially used by the US Environmental
Protection Agency to evaluate treatment methods and is
usually considered a worst case scenario. The widely used
range for leachate pH o f 7-11 (e.g. MacKay & Emery, 1993,
CIRIA, 1995a) was used.

3 PREVIOUS WORK
3.1 General information
An initial laboratory treatability study was carried out to develop
a number o f cement-based soil-grout mixes suitable for the site
soils and contaminants. The mixes were assessed in terms of
unconfined compressive strength, freeze-thaw and wet-dry
durability, permeability, compressibility, leachability and leachate
pH. Emphasis was placed on using the minimum amount o f grout
and cement to produce cost-effective mixes and low strength
materials. The mixes contained a negligible amount o f a specially
developed clay to act as a stabilising additive for specific organic
compounds and was assessed using the leachability criteria. The
presence o f the modified clay had no effect the properties tested
and hence its details are not included here. The treatability study
work arrived at seven different mixes which in addition to
cement contained some o f the following: pfa, lime and bentonite.
Following the treatability study, a site trial was carried out over
a two-day period in April 1995 during which twenty five soilgrout columns were installed in which the seven different soilgrout mixes developed were used. The columns were formed
using a specially developed prototype auger shown in Figure 1.
The treated area was left to cure for a period o f 45 days before
coring. Samples from all seven single mixes were cored. They
were then tested at two months. Full details o f this work are
given in a two-part work recently submitted for publication (AlTabbaa & Evans and Al-Tabbaa et al).

Figure 1. The prototype auger used in the site trial.

Table 1. The ground conditions in the trial pit.
soil description
MADE GROUND: fine to coarse SAND
MADE GROUND: clayey silty fine to
coarse SAND
MADE GROUND: very silty slightly sandy
CLAY
MADE GROUND: spongy PEAT
Fine to coarse SAND with much fine to
coarse flint gravel
Fine to coarse flint GRAVEL with much
medium and coarse sand

depth
0 .1 0 -0 .4 0
0 .4 0 -0 .8 7
0 .8 7 - 1.62
1.62- 1.72
1 .7 2 -2 .0 0
2 .0 0 -2 .3 0

Table 2. Concentrations o f contaminants in the made ground in
the trial pit area (Allot & Lomax, 1993)
sample (depth)

3 .2 Site details
pH

concentration
contaminant
Arsenal
Cadmium
Lead
Copper
Nickel
Zinc
Mercury
Chromium
Toluene extract
Coal tar
Phenols
Mineral oil

The trial pit excavated in the vicinity o f the project area revealed
the presence o f made ground down to a depth o f 1.7m, the
details o f which are given in Table 1 (Al-Tabbaa & Evans). The
groundwater level was at the base o f the trial pit. All the cores
obtained from the site trial were down to a depth of 1.5m and
hence it is assumed that the material in the cores is mainly from
the made ground layers.
A chemical site investigation had previously been carried out
on the site (Allott & Lomax, 1993). The results in the vicinity of
the site trial area are given in Table 2 where the concentrations o f
various heavy metals and organic compounds at a depth of 0.7m
in the made ground are given.
During the initial laboratory treatability study, the various made
ground layers were mixed to form one made ground soil. The
particle size distribution o f this mixed made ground soil is shown
in Figure 2. The moisture content o f the made ground was 9.9%.

* concentration in %.
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soil (0.7m)
8.2
mg/kg dry
13.8
8.7
2801
1264
105
1589
15.5
<5
0.17*
0.14*
<1
566

4.1 Unconfined compressive strength
Just before the test, the ends o f each sample were capped using
gypsum plaster to ensure horizontal loading surfaces and then left
to cure for four hours. The samples were then immersed in water
for a further four hours. This prevents any strength gain due to
possible drying o f the samples. Following that each sample was
placed in a standard triaxial testing machine and a vertical load
was applied to the sample at a rate o f 1mm/minute up to failure.
Up to three samples were tested. The samples were 75mm in
diameter with height to diameter ratios varying between 1 and 2 .
The strength o f different height to diameter ratio samples were
then corrected (ASTM, 1995d).
4.2 Wet-dry andfreeze-thaw durability
The test procedure requires seven samples for each test: three
samples used as the test samples, three as control samples and
one for moisture content determination. The control samples
were placed in the humidity room for 24 hours. The test samples
were weighed and placed, covered in an oven maintained at a
temperature o f 60°C ± 3°C in the wet/dry test and in a freezing
cabinet at a temperature o f -10°C ± 3°C in the freeze/thaw test
in both cases for 24 hours. The samples were then removed from
the oven, freezer cabinet and humidity room and allowed to
return to room temperature for 1 hour. Water at room
temperature o f 20°C + 3°C was added to the beakers containing
the samples to cover them completely. The beakers were then
covered and placed in the humidity room for 23 hours.
The samples were removed from the water using tongs, any
loosely attached particulates were removed from the samples by
spraying distilled water from a wash bottle to the surface o f the
samples. The samples were inspected visually for physical
deterioration including cracking, fracturing, integrity and surface
roughness. The loss in the mass o f each sample was determined
by the dried solid content lost from the sample. The average
relative mass loss from the samples was corrected using the
relative average mass loss o f the control samples. The above
procedure was repeated for a total o f 12 cycles and the
cumulative relative average dry mass loss o f the test samples in
relation to the control samples was calculated. However, the test
was terminated if the corrected cumulative mass loss o f any o f
the samples exceeded 30% which defined failure.
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Figure 2. Particle size distribution o f the mixed made ground.

3 3 Site mix details
The seven mixes used in the site trial are detailed in Table 3.
Mixes A and B contain cement and pfa only in two different
ratios. Mixes C to F contain cement, pfa and hydrated lime.
Mixes E and F are the same as mix C but applied at a different
soil:grout ratio and water: cementitious materials ratio
respectively. Mix G contains cement and bentonite, only. A
maximum soil:grout ratio o f 5:1 was found necessary and a wide
range of water:cementitious materials ratio was used.
The selection o f the mixes was based on the results o f the
previous laboratory treatability study in which the four mixes A
to D were tested in detail. Their behaviour in terms o f UCS, wetdry durability, compressibility and leachate pH was satisfactory.
Freeze-thaw durability and permeability behaviour was not
satisfactory such that all the mixes failed the former and half
failed the latter. Based on those results mixes E, F and G were
introduced to provide mixes with potentially improved behaviour
in those two tests. Further details are given in Al-Tabbaa and
Evans).

The standard test procedure specifies rapid freezing to a
temperature o f -20°C. As shown above a temperature o f -10°C
was used in the work reported here. This modification was
carried out as a results o f the laboratory treatability study
samples o f previous work during which samples o f all mixes
tested failed the freeze-thaw test. In addition, such freezing
conditions could be considered severe for practical conditions in
the UK. In the tests carried out on the in situ treated ground at
two months, a gradual reduction o f the freezing temperature in
three consecutive sets o f six cycles at 0°C, -10°C and then
-20°C was used. The final six cycles at -20°C still showed rapid
deterioration o f the samples proving that this temperature is too
severe for the mixes tested and that if this temperature is to be
withstood then mixes must contain a higher percentage o f
cement. For the tests at fourteen months, it was therefore
decided to use a freezing temperature o f -10°C in all the cycles.

4 EXPERIMENTAL PROGRAMME
The site core samples were wrapped in wet cloth and kept in a
humidity room until tested. The core samples have diameters
ranging between 75mm and 150mm and up to 400mm long.
Some o f the core sizes were much larger than required in the
tests because the presence o f extraneous materials within the site
soils prevented the coring o f samples smaller than 75mm in
diameter. Hence although the test procedures specified for each
test were followed, the sample sizes used were in some o f the
tests not those specified in the test procedure. Since larger size
cores are more representative, the cores were not trimmed and it
was ensured that consistency was achieved between the various
mixes such that the same core sizes were used for comparison
purposes.
Table 3. Details of the soil-grout mixes applied in the site trial.

OO

o

pfa : lime : bentonite
8 :
0 :
0
0
8 : 0.4 :
0
8 : 0.1
0
8 : 0.4
0
8 : 0.4
0
: 0.8
o

cement
2
3
2.5
3
2.5
2.5
8

o

mix
A
B
C
D
E
F
G

water : dry
0.42
0.42
0.42
0.42
0.42
0.30
1.6

grout
1
1
1
1
1
1
1

soil : grout
5 : 1
5 : 1
5 : 1
5 : 1
3.5 : 1
3.9 : 1
2. 8 : 1

1943

soil: dry grout
7 : 1
7 : 1
7 : 1
7 : 1
5 : 1
5 : 1
7.3 : 1

4.3 Permeability

5 .1 Unconfmed compressive strength

The permeability test was performed in 100mm diameter sample
triaxial cells using the flow pump method. The height o f the
samples ranged between 80 and 120mm. Porous disks were
places at both ends o f the sample. A cell pressure o f 300kPa was
applied and the sample was left to reach equilibrium for 24 hours
before the drainage taps were opened and the sample was left to
consolidate for a further 24 hours. The applied cell pressure
ensured that the membrane did not separate from the sample. A
constant flow rate was then introduced at the base o f the sample
using a flow pump hence producing an upward vertical flow
through the sample. A pore pressure transducer was placed at the
inflow position to read the pore water pressure which was not
allowed to rise above 20% o f the cell pressure.
To provide a meaningful comparison between the permeability
values o f the various mixes, a similar hydraulic gradient o f
around 20 was used in all the tests. Once the pore water pressure
reached equilibrium, the vertical permeability k was calculated
using Darcy's law using the following equation: k = ( Q y L)/(A
Au) where Q is the quantity o f water discharged per unit time, y
is the unit weight o f water, L is the height o f sample, A is the
cross-sectional area o f the sample and Au is the pore water
pressure at the inflow position. The permeability was measured
over a period o f around five days.

Obviously new samples were tested at fourteen months
compared to those tested at two months. The unconfined
compressive strength values o f the seven mixes are shown in
Table 4 with an accuracy o f up to ±20%. Expected trends
observed include mix B being stronger than mix A and mixes B
and D having similar strength because the amount o f lime present
is too small to have an effect. Those trends are similar to those
observed at two months. However, mix E is weaker than mix C
at 14 months, which is surprising considering that mix E contains
more grout and is the opposite to what was observed at two
months. Observation o f trends relies on the assumptions that the
mixing o f the soil and grout is homogeneous, which has not been
proved, and that soil and contaminant conditions are also
homogeneous, which is not true. In this case, in order to obtain
reasonable comparison between the mixes an extensive amount
o f testing is required which was not feasible here due to the
limited amount o f core samples available.
The results indicate a considerable increase in strength at
fourteen months compared to two months. The extent o f the
increase ranges between 40% and 240%. The increase in strength
observed agrees well and the expected behaviour o f cement and
lime stabilised uncontaminated soils within the first year of
treatment (Sherwood, 1993).
The strength value at both two and fourteen months are much
higher than the design values. Since the overall aim o f this work
is to consider the use o f weak soil-grout mixes, it would be
reasonable to consider weaker mixes than those in Table 3 and
consider reducing the design strength at 28 days considering that
a reasonable increase in strength is expected with time. This
obviously applies specifically to the site conditions considered.

4.4 Compressibility
The compressibility o f the soil-grout samples was obtained from
the standard one-dimensional consolidation test carried out using
an oedometer on samples 75mm in diameter and 19mm high. A
maximum particle size o f 2mm was permitted in the samples.
Porous disks were placed at both ends o f the sample and water
was placed around the sample to ensure saturation. Increments of
vertical stress o f up to a total vertical stress of 2400kPa were
applied to the sample and only the last two increments produced
measurable settlement. The parameter obtained from the
consolidation test was the coefficient o f volume compressibility.

5.2 Wet-dry andfreeze-thaw durability
The wet-dry and freeze-thaw tests was carried out on the same
samples tested at 2 months. For the wet-dry test the samples
were subjected to the same wet-dry conditions subjected to at
two months. The results o f the wet-dry durability tests in terms
of percentage cumulative average mass loss are shown in Table
5. They show that following a year o f curing in the laboratory the
behaviour o f the seven mixes under wet-dry condition has not
changed compared to that at two months.

4 .5 TCLP Leachate p H
A 25g sample from each soil-grout mix was crushed and passed
through a 9.5mm sieve and then added to 500mL o f an
extraction fluid in a glass bottle. This produced a liquid:solid
ratio by weight o f 20:1. The extraction fluid used was sodium
acetate solution with a pH o f 4.9±0.2 as specified in the test
procedure. The bottle was then agitated for 17 hours at 30 rpm.
At the end o f the leaching period, the contents o f the bottle were
filtered under vacuum pressure through a 0.7mm filter paper to
separate the TCLP leachate from the solids. The pH o f the
leachate was then measured to an accuracy o f ± 0. 1.

Table 4. UCS of the in situ treated ground.
mix

A
B
C
D
E
F
G

5 RESULTS AND DISCUSSION
The results o f each o f the five tests performed are discussed
separately below. In each case, the results at fourteen months
are discussed in detail and compared with those at two months.
The selection o f the soil-grout mixes shown in Table 3 was
based on the results o f laboratory treatability study work which
was carried out on relatively homogeneously mixed material. The
apparently small variations between the constituents o f some of
the mixes were maintained because the mixes produced
appreciably different behaviour in the laboratory. However, the
site trial samples tested at two months showed that due to the
heterogeneity o f the various made ground layers in situ and the
possible lack of homogeneity o f the mixing process, differences
in properties between the various mixes were not as clear as in
the initial laboratory treatability study. In addition, only limited
number o f core samples were obtained from each mix. Due to the
above two reasons, it was not possible in many cases to develop
trends o f behaviour between the various mixes.

UCS
14 months
(kN/m2)
2325
2512
2180
2570
1712
not measured
1875

UCS
2 months
(kN/m2)
990
1332
1231
1274
1480
1335
1365

Table 5. Percentage dry mass loss in the wet-dry durability
test on the in-situ treated ground.
mix

A
B
C
D
E
F
G
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wet-dry
14 months
% mass loss
0.59
0.04
0.03
0.05
0.05
0.03
0.08

wet-dry
2 months
% mass loss
-1.5
1.8
1.9
- 1.2
0.4
0.5
-0.4

5.5 TCLP Leachate p H

In the freeze-thaw test, the samples were subjected to cycles of
freeze-thaw at -10°C. The results o f the freeze-thaw durability
tests are shown in Table 6 at both two and fourteen months. The
results show that all the samples failed the test at fourteen
months with mixes E, F and G still withstanding a bigger number
of cycles than mixes A to D.
Since the freeze-thaw is a severe tests in terms o f what the
samples are subjected to during one test, a correlation needs to
be established with regard to what test conditions and number of
cycles represent medium and long term exposure conditions.

Average TCLP leachate pH results are shown in Table 9 with a
variation o f + 0.2 which show that the value for all the mixes at
fourteen months are lower than at two months. The reduction is
in the range o f 2 to 3. The reduced values are all still within the
design range. It might be expected that material curing in situ for
fourteen months would have a slightly higher leachate pH value
compared to the samples tested which were cured in a humidity
room and hence were probably more exposed to the air.
Again the TCLP leaching test is a severe test for a single
exposure and hence some may argue that it represents long
term exposure conditions. The problem is that this does not
accurately simulate site conditions and a more appropriate test
might be to use the appropriate leaching solution as a permeant
in the permeability tests and measure the pH o f the outflow
solution.

5.3 Permeability
The permeability test was carried out on the same samples tested
at two months and two samples from each mix were tested. The
average permeability results are shown in Table 7 with a
variation o f up to ±30% . As can be seen the permeability values
of all mixes at fourteen months have reduced in comparison with
those at two months. The reduced values are now all below the
design value o f 10‘9 m/s. Hence although most o f the mixes did
not satisfy the permeability design criterion at two months, they
did at fourteen months.
A reduction in permeability with time was anticipated as the
permeability o f materials containing cement decreases as the
cement continues to hydrate which implies that a considerable
amount o f hydration took place within a period o f about one year
after treatment. This behaviour also agrees with the gain in UCS
observed.
Possible expected and observed trends which were also
observed at two months and which are based on very limited data
include mix B having a lower permeability than mix A, mix E
having a lower permeability than mix C and mix F having the
lowest permeability o f the three mixes and mix G still having the
lowest permeability o f all mixes.

5 .6 General remarks

The compressibility samples tested at fourteen months were not
the same as those tested at two months. The coefficients of
volume compressibility o f all seven mixes are shown in Table 8.
The results presented are the average o f two loading increments
with a variation o f ± 10%. The results indicate that there is a
reduction in compressibility o f between 3 and 8 times at fourteen
months compared to two months. Again, this agrees with the
observed increase in strength.

The
unconfined
compressive
strength,
permeability,
compressibility and wet-dry durability at fourteen months
showed improvement compared to those at two months hence
these values still comply with the design criteria set for 28-day
samples. The results also mean that such improved behaviour
with time could be allowed for when setting criteria at 28 days by
applying less stringent criteria at that stage.
The freeze-thaw and leachate pH test are considered relatively
severe tests for a short duration test and hence some argue that
they represent longer term behaviour. The freeze-thaw durability
results showed deterioration with progressive cycles and hence
will need to be assessed in terms o f how many cycles would be
considered as representing medium and long term performance.
The reduction in the pH values could mean that with time the
values could fall outside the design range. Again a correlation
between the test and long term behaviour is required.
In order to adequately assess the medium and long term
performance, appropriate tests are needed. Most o f the tests
commonly used, such as those specified in this paper, are
generally short term tests and do not give full correlation to field
performance. Research is needed to calibrate laboratory time
scale against field exposure time (Kirk, 1996). In addition
although some o f the tests such as the TCLP and freeze-thaw are
a fairly severe set o f conditions for a short duration exposure,
they do not simulate real-world long-term conditions.

Table 6 .
Percentage dry mass loss in the freeze-thaw
durability test on the in situ treated ground.

Table 8 . Coefficient o f volume compressibility o f in situ
treated ground.

5.4 Compressibility

mix
A
B
C
D
E
F
G

14 months
cycles
at -10°C
failed at cycle
failed at cycle
failed at cycle
failed at cycle
failed at cycle
failed at cycle
failed at cycle

5
7
6
7
11
11
11

6 cycles
at 0°C
-1.3
-0.7
0. 2
-2.3
0.00
-0.1
0.9

2 months
6 cycles
at -10°C
- 1.1
1.7
0.9
0.1
-0.1
0.4
-1.5

mix
6 cycles at
-20°C
28.5
25.4
23.5
26.9
11.5
10.5
1.1

A
B
C
D
E
F
G

A
B
C
D
E
F
G

permeability
14 months
(x l0'9m/s)
0.39
0.23
0.82
0.52
0.78
0.19
0.12

compressibility
2 months
(x l& W /k N )
3.20
2.85
2.60
2.63
3.20
2.30
2.70

Table 9. Leachate pH of the in situ treated ground.

Table 7. Permeability of in situ treated ground.
mix

compressibility
14 months
(xlO^mVkN)
0.39
0.39
0.83
0.85
0.85
0.74
0.34

mix

permeability
2 months
(x l0'9m/s)
2.64
0.69
2.56
2.21
1.99
0.64
0.70

A
B
C
D
E
F
G

1945

leachate pH
14 months
7.8
8.4
7.9
7.7
9.2
7.8
8.1

leachate pH
2 months
9.6
10.1
10.9
10.3
10.8
10.9
10.7
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Very limited work has been reported on long-term
performance o f stabilised/solidified materials. One reported
example is that o f a Superfund Innovation Technology
Evaluation (SITE) field evaluation work. This work examined
the behaviour o f a waste containing a variety o f heavy metals and
organics which was stabilised/solidified with cement and a
proprietary additive. The reported work indicated that test
results at nine and eighteen months after treatment showed that
the physical properties slightly deteriorated and the porosity
decreased (Means et al, 1996).
Appropriate design criteria for stabilised/solidified materials
need to be established in terms o f short, medium and long term
behaviour. The acceptance design criteria should vary depending
on waste composition, disposal and reuse site characteristics and
other factors.
It would also seem reasonable to consider at the same time
compatibility with possible reuse o f the treated ground. Possible
reuse could include construction material for use in road base
material or landfill cover. The material in situ could also be
considered as strengthened ground or part o f foundations.
Obviously the lack o f knowledge with regard to long term
performance o f the material will impose limitations on its
possible reuse.

6 CONCLUSIONS
The behaviour o f seven soil-grout mixes, cored at 45 days after
treatment and cured under laboratory conditions for
approximately one year, was tested at fourteen months after
treatment and compared with tests carried out at two months
after treatment. The results showed that, at fourteen months, the
unconfined compressive strength increased, the permeability and
compressibility decreased and the wet-dry durability remained
the same compared to two months. This improved behaviour
means that these properties still comply with the design criteria
set for 28-day samples.
The freeze-thaw durability behaviour deteriorated. The severity
o f the freeze-thaw test needs to be assessed in relation to what is
considered long term behaviour before judging the mixes as
having failed in the medium term. The leachate pH values
reduced but remained within the design range. However, this
could mean that in future they might produce lower values than
acceptable.
Since materials should be designed for satisfactory short,
medium and long term performance, the behaviour over a long
period o f time should be taken into account when setting design
criteria for material at 28-days. This would obviously be site
specific but could produce cost benefits. It will also require the
development o f tests appropriate for medium and long term
behaviour which reflect in situ behaviour.
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