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Abstract. The article analyses a possibility of replacing a part of cement with fly ash in jet grouting piles,
because the received strength of cement treated grout is much higher than it is necessary for these piles. The
paper presents the problems of fly ash utilization, overviews experimental and theoretical works and analy-
ses laboratory tests on the samples of cement treated grout. The conducted experiments involved manu-
facturing cylindrical cement treated grout samples containing different additives when the diameter of the
cylinder is 35 mm, and its height is 70 mm. The experiments on the samples comprising the additives of
fly ash were made in sand and clay soils. 25% to 75% of cement was replaced with fly ash in cement treated
grout samples tested under compressive strength following 7 days hardening in air.

Keywords: soilcrete, fly ash, compressive strength, sand soil, clay soil, jet grouting.

Introduction

For renovating buildings, constructing additional
floors, installing foundation pits adjacent to the exist-
ing buildings, eliminating excessively large and une-
ven deposits of the buildings erected on loose soil and
constructing tunnels under severe conditions, high-
pressure jet grouting is frequently applied. Cement
slurry is injected into soil through an injector under
the pressure of 400-600 bars (Fig. 1a). Dynamically
operating cement slurry cuts and shreds soil, loses the
energy and forms a mixture with the degraded soil.
The hardened mixture turns into the strong cement
treated grout (Fig. 1b), the compressive strength of
which is received higher than required. A high con-
tent of the used cement is one of the drawbacks of the
introduced technology, i.e. more than 500 kg per cu-
bic meter of slurry can be injected (Dagys et al. 2010).
Therefore, this is a reason why a part of cement could

be effectively replaced with other material. In this case,
fly ash can be accepted as one of such materials (Mc-
Carthy, Dhir 2005).

Presently, Lithuania counts 160 larger and smaller
boiler-rooms fired by wood waste. Solid bio-fuel power
plants burning wood pellets or the whole wood fuel,
including branches, needles and stumps, extract ashes
at the final level of the combustion process. Annual-
ly, more than 30 000 tons of wood ash are produced,
though it is expected that the number will reach
100 000 in the future. Currently, enormous taxes are
paid in Lithuania to deliver them to the landfill where
they are composted or buried in the ground. Two types
of ashes can be distinguished - those deposited during
the combustion process and those running through
the exhaust outlet of the chimney stack and depos-
ited in the filters of the chimney. Fly ash, i.e. the one
accumulated in the filters of chimneys due to silicon

Corresponding author:
T. Zhilkina E-mail: tagilkina@mail.ru

Copyright © 2015 Vilnius Gediminas Technical University (VGTU) Press

http://www.tandfonline.com/TESN

140



Engineering Structures and Technologies, 2015, 7(3): 140-145

141

Fig. 1. Specificities of jet grouting technology: a — in the course of jet grouting, cement slurry is injected into soil through small-
diameter nozzles (Jet grouting... 2016), b — cement slurry is mixed with soil, and cement treated grout columns are received

dioxide, an active element necessary for concrete hard-
ening, is much more appropriate for concrete industry
(Levickaité, Ivanauskas 2014).

Sweden has established standards for using ashes
rich in carbon and silicon in the process of manufac-
turing cement and concrete. The ashes resulting from
the combustion of biofuels do not meet these stand-
ards, therefore the wood ash was investigated as an
additive in the manufacture of concrete. The laws in
Sweden prohibit the use of ashes in large amounts for
producing concrete, there are high requirements for
ashes. However, it is a necessity to use the fly ash as
a binder in concrete because of high price of cement
(Nordstrom, Thorsell 2003).

Investigations into the compressive strength of
concrete show the strength decreases replacing a part
of cement with fly ash (McCarthy, Dhir 2005; Berndt
2009). To apply such replacement to soilcrete, research
on compressive strength is required. Lack of data on
the percentage of replacing cement with fly ash has
led to pilot experiments on two types of soil and four
proportions of cement and fly ash.

Investigated mixtures of soilcrete

The composition of the investigated soilcrete includes
cement, water, soil, and fly ash. The compressive
strength of soilcrete depends on the relative content
of every component and the type of soil (Dagys et al.
2010; Medzvieckas, Slizyté 2013; Gomes Correia et al.
2009).

Two types of soil were used. The first one is sand
the granulometric composition of which was deter-
mined according to the requirements of LST EN 933-

1:2002. The granulometric curve of this soil is provid-
ed in Figure 2. The second type of soil represents the
above mentioned sand mixed with clay powder under
laboratory conditions and which is further entitled
as clay soil. The process of producing the mixture in-
volved 10% replacement of sand with clay powder. The
mixture is necessary in order to assess the possibilities
of fly ash usage in clay soils.

To produce mixtures, fly ash taken from biomass
boiler house was used. These ashes formed in the pro-
cess of burning wood waste, including branches, nee-
dles and stumps. They are collected at the last level
of the combustion process when ashes deposit in the
filters of the chimney stack.

Portland-cement EN 197-1-CEM II/A-LL 42.5 N
was used.

To prepare specimens, the ratio of water to ce-
ment made W/C = 0.5/1 while the ratio of sand to
cement was S/C = 2, and coarse aggregate was not ap-
plied. The amount of additives of fly ash in the mix-
tures of soilcrete was 0%, 25%, 50%, and 75% respec-
tively. The mixtures that do not contain fly ash were
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Fig. 2. A curve of the granulometric composition of sand
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Table 1. Formulae of cement treated grout
In sand In clay soil
Content of fly ash 0% 25% 50% 75% 0% 25% 50% 75%
Fly ashes (kg) 0 0.025 0.050 0.075 0 0.025 0.050 0.075
Water (kg) 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Cement (kg) 0.100 0.075 0.050 0.025 0.100 0.075 0.050 0.025
Sand (kg) 0.20 0.20 0.20 0.20 0.18 0.18 0.18 0.18
Clay (kg) 0 0 0 0 0.02 0.02 0.02 0.02

used as the control ones. To conduct the experiment,
the specimens were produced in series of 3 items with
a different content of fly ash. The formulae of the mix-
tures are presented in Table 1.

Preparation of soilcrete specimens

The produced soilcrete specimens were made as cyl-
inders of 35 mm in diameter and 70 mm in height
(LST EN 12716:2003). In order to manufacture these
specimens, tubular PVC forms of 35 mm in diameter
(Fig. 3a) were used.

The made mixture of soilcrete of the required
consistency was poured into the moulds.

The three layers were made in the form and each
one was thickened with the metal rod, pressing them
10 times. Surplus was removed level with the shaped
edges (Fig. 3b).

After 24 hours the specimens were taken out
from PVC moulds (Fig. 3¢) and placed into the sealed
container where they were stored in air. Compressive
strength was determined after a week.

Compressive strength of soilcrete specimens

The cylindrical compressive strength of the specimens
was defined using uniaxial compression machine
TRIAX 50 according to the standard LST EN 12390-
3:2009 Compressive Strength of Concrete. Loading took
place at a speed of 1,0 mm/min thus determining the
fracture load (ultimate load) of each sample. The com-
pressed specimens are shown in Figure 4. Compressive

strength is calculated according to formula (1):

fe==5 1)

Fig. 3. Specimen preparation: a — tubular PVC; b - specimens removing surplus level with the shaped PVC edges;
¢ - produced specimens taken out from PVC moulds

Fig. 4. Compressed specimens: a — no additives (sand soil), b - no additives (clay soil), ¢ - containing fly ash (sand soil),
d - containing fly ash (clay soil)
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is cylindrical cross-sectional area (LST EN 12390-
3:2009).

The defined density p and compressive strength
f. of soilcrete specimens with fly ash additives in sand
are shown in Table 2.

The calculation of the average values of the com-
pressive strength of each series has revealed a trend
that an increase of fly ash in the composition reduces
compressive strength (Fig. 5).

The specimens not containing the additives of
fly ash possessed the strongest properties of compres-
sive strength which was equal to 5.90 MPa. These are
control specimens, and therefore the obtained results
are compared with the properties of these samples.
The compressive strength of the specimens in which
25% of cement was replaced with fly ash was equal
to 4.05 MPa. Compared with control specimens their
strength decreased by 31% (Fig. 6). The compressive
strength of the specimens in which 50% of cement was
replaced with fly ash was equal to 2.50 MPa. Com-
pared with control specimens their strength decreased
by 58%. The compressive strength of the specimens in
which 75% of cement was replaced with the additives
of flying ash was the lowest and reached 0.65 MPa.
Compared with the specimens containing no additives,
the strength decreased by 89%.

The defined density p and compressive strength f.
of soilcrete specimens containing the additives of fly-
ing ash in clay soil are shown in Table 3.

The calculation of the average compressive
strength valuesin each series has disclosed the same
tendencies as those observed in the case of different
types of sand when an increase of fly ash amount in
the composition reduces compressive strength (Fig. 5).
The specimens that did not contain the additives of
fly ash exhibited the strongest compressive proper-
ties and compressive strength which was equal to
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Fig. 6. Decrease in compressive strength depending
on the content of flying ash and the type of soil:
1 - sand soil, 2 - clay soil

5.50 MPa. The compressive strength of the specimens
in which 25% of cement was replaced with fly ash was
equal to 3.00 MPa. Compared with control specimens
the strength decreased by 45% (Fig. 6). The received
strength of the specimens in which 50% of cement was
replaced with fly ash was equal to 0.66 MPa. Com-
pared with control specimens thestrength decreased
by 88%. The compressive strength of the specimens in
which 75% of cement was replaced with the additives
of fly ash was the lowest and reached 0.093 MPa. Com-
pared with the specimens containing no additives, the
strength decreased by 98%.

Table 2. The results of experiments on soilcrete containing fly ash additives in clay sand following 7 days of hardening

Specimen No 1 Specimen No 2 Specimen No 3
Specimen
p, g/cm? f. MPa p, g/cm? f. MPa p, g/cm? f.» MPa
Control specimens (sand soil) 2,09 5,83 2,14 5,90 2,15 5,95
Specimens containing ash additives
replacing 25% of cement with fly ash 208 414 205 400 2,06 401
Specimens containing ash additives
replacing 50% of cement with fly ash 202 237 208 266 205 2,58
Specimens containing ash additives
replacing 75% of cement with fly ash 1,93 0.64 1.95 065 1,98 0,66
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Table 3. The results of experiments on soilcrete containing the additives of fly ash in clay soil following 7 days of hardening

Specimen No 1 Specimen No 2 Specimen No 3
Specimen
p, g/cm? f» MPa p, g/cm® f> MPa p, g/cm? f> MPa
Control specimens (clay soil) 2.15 5.57 2.14 5.51 2.09 5.42
Specimens containing clay soil replacing
25% of cement with fly ash 2.11 3.05 2.09 2.98 2.08 2.97
Specimens containing clay soil replacing
50% of cement with fly ash 2.06 0.69 2.04 0.6 2.05 0.68
Specimens containing clay soil replacing
75% of cement with fly ash 1.84 0.09 1.93 0.098 1.89 0.091
A comparison of the specimens in which pure Acknowledgement

sand and sand containing clay was used has dem-
onstrated that soil has a substantial impact on the
strength of soilcrete. Compressive strength in clay soil
specimens of concrete was significantly lower then in
the sand soil ones (with the same amount of fly ash).
When the 50% of cement in the clay soil was replaced
with fly ash, the results showed that the compressive
strength would be too low for structures. Meanwhile,
when the similar amount of cement were replaced with
fly ash in sand, the average compressive strength still
reaches 2.5 MPa.

Conclusions

1. The conducted experiments on uniaxial com-
pression demonstrate that when replacing up
to 50% of cement into the fly ash, we get the
specimens of the soilcrete of sufficient strength.
The replacement of 25% cement with additives
reduced the strength of the specimens by 31%
(up to 4.05 MPa) while the replacement of 50%
cement with additives decreased strength by
58% (up to 2.5 MPa). However, a larger 75%
increase of fly ash additive in the composition
of soilcrete shows that the received specimens
don’t have a sufficient strength which is equal
to 0.65 MPa.

2. Similar experiments on the specimens contai-
ning clay have disclosed that when replacing up
to 25% cement into fly ash, we get soilcrete spe-
cimens of sufficient strength. The replacement
of 25% cement into the additives points to a
decrease in strength by 45% (up to 3.0 MPa).
When the fly ash amount in the composition
of soilcrete increases up to 50% and 75%, the
received specimens are of insufficient strength
which is equal to 0.66 MPa and 0.1 MPa res-
pectively.

In order to conduct research, SR & ED infrastructure
of the Civil Engineering Research Centre of Vilnius
Gediminas Technical University was used.
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