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Abstract: - One of the most interesting scientific and environmental subject develop in the last time is the study
of fly ash produced in growing quantities by burning coal in thermal power plants. In the paper the mechanical
characteristics of pozzola fly ash, a massive waste of thermal power station of lasi, Romania, is investigated.
Supplementing the data referring to the correlation between mechanical strength at various ages of stabilized
material simplify laboratory studies by limiting the categories of testing. The suitability of using fly ash as a
cement-like material is discussed in this study. This material is typically used for a soft, clayey layer beneath a
road that will experience many repeated loadings. Using the fly ash from lasi thermal power plant that requires
dry capture insurance is part of the environmental protection, infrastructure construction and road field being
great potential consumers for such products.
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1 Introduction

Pozzolana, also known as pozzolanic ash, is a
porous variety of volcanic tuff or fine, sandy
volcanic ash with burnt granules resembling
powdered brick.

Pozzolana is of rough, dusty, granular texture. It is a
siliceous or siliceous and aluminous material which
easily melts; but its most important property consists
in its hydraulic cement-like compound capable of
setting under water when it is mixed with hydraulic
lime (calcium hydroxide - Ca(OH),) and water,
which hardens very suddenly, and make it more
durable under water than any other cement [43].

The term pozzolana also defines any of various
artificially  produced  substances resembling
pozzolana ash. Artificial pozzolana is made by
calcined fire-clay and adding lime, sand and water,
with fine brick dust [41].

Owing to its pozzolanic properties, fly ash is also
used as a replacement for Portland cement [39].

An industrial source of materials with pozzolanic
properties is the siliceous fly ash from coal-fired
power plants.

Fly ash is a mineral waste, one of the residues
generated from the combustion of solid fuels (coals)
[21]. Fly ash is generally captured from the
chimneys of coal-fired power plants.
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Pozzolana cement is a cement to which pozzolana
has been added, to reduce the liability of leaching.
Mixed cements (CEM II) contain, in most of them,
besides the main component - Portland clinker, only
one component of the addition, which can be both
natural pozzolana and ash from thermal power plant
[37]. Modern pozzolanic cement, also termed as
Portland composite cement, (CEM II/A-M and CEM
II/B-M), is a blend of natural or industrial pozzolana
and Portland cement or clinker and gypsum, which
contribute to strength, impermeability, and
workability [10].

In addition to underwater use, the high alkalinity of
pozzolana makes it especially resistant to common
forms of corrosion from sulfates.

Once fully hardened, the Portland Pozzolana
Cement (PPC) blend may be stronger than Portland
cement, due to its lower porosity, which also makes
it more resistant to water absorption [16].

In Romania, fly ash is generally stored at coal power
plants or placed in landfills. However, an important
percentage is recycled, often used to supplement
Portland cement in concrete production.

Worldwide, ash from thermal power plants is used
extensively in roads of all classes of importance
(from local roads to highways) [44], mainly on
embankments [14], foundation layers, base layers or
for dam performing and strengthening [1].
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2 Pozzolanic activity determination
for Iasi fly ash using mechanical

methods
The gain in strength with time for high calcium fly
ash is very high compared to that of low calcium fly
ash due to presence of reactive minerals and glassy
phase [34].
When replacing a part of the cement by a high
amount of fly ash, changes in strength development
and resistance to carbonation may cause problems in
the applications of the concrete to actual building
construction in respect to the structural and
durability requirement [22]. Though the replacement
of a part of fine aggregate by fly ash reduces low
strength development, higher rates of carbonation of
the concrete may remain as a problem, as calcium
hydroxide will be consumed by pozzolanic reaction
with the fly ash [35].
Shear strength tests conducted on fly ash samples
show that fly ash derives most of its shear strength
from internal friction, although some apparent
cohesion has been observed in certain bituminous
(pozzolanic) fly ashes [4]. The shear strength of fly
ash is affected by the density and moisture content
of the test sample, with maximum shear strength
exhibited at the optimum moisture content.
Bituminous fly ash has been determined to have a
friction angle that is usually in the range of 26° to
42° [28].
The knowledge of pozzolanic activity of fly ash
from Iasi thermal power plant is based on
compression test of some mortars made from
binders containing this type of ash [42].
Pozzolanic activity is determined on the basis of /,
the physical activity index, given by the relation:

1: Rcemte‘st X 100

refcem

(%]

where: R means  compressive  strength,

cemtest

determined on mortar prisms (N/mm?®);

R, en means  compressive  strength,
determined on referential mortar prisms
(N/mm?).

The index of activity for fly ashes of lasi is “/” and
must be the value of the minimum index of activity.
It follows that using lasi fly ashes as mortar addition
it is not recommended [47].
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Determination of pozzolanic activity of various

materials such as fly ash is quite essential for their

efficient application in cement [12]. It also plays an

important role in the selection of the material as a

stabilizer in various environmental projects [25].

This necessitates development of a methodology

that can be employed for determining the pozzolanic

activity of different materials, quite rapidly and
easily. With this in view, a method that estimates
pozzolanic activity of fly ash has been developed

[19].

Modified ASTM method consists in determining the

compressive strengths on samples made of a mixture

composed of one part calcium hydroxide, two parts
fly ash and three parts monogranular sand (particle
size mainly between 1 to 2 mm) [9]. The quantity of
water introduced corresponds to the compaction
optimum moisture content. The mixture compaction

is realized into cylinders with 5 cm diameter and 10

cm height kept at 23°C for 24 hours and at 55°C for

6 days [45]. To be considered active fly ash, the 7

days compression strength must be greater that 5.5

N/mm?[5]

The proposed method for pozzolanic activity

establishing consists in compressive strength

determination as follows:

- after 2 days for samples kept
atmosphere;

- after 7 days for samples kept in moist
atmosphere and then subjected to strengthening
under accelerated thermal conditions during 6
days;

- after 7 days in moist atmosphere;

- by strengthening under accelerated thermal
conditions.

Mixtures are composed of 90% fly ash and 10%

hydrated lime powder. The amount of added water

corresponds to optimum moisture content from
modified Proctor compaction test.

No matter chemically active they would be,

alumino-siliceous fly ashes such as those from lasi

thermal power plant do not show hydraulic
properties in the presence of water. In the presence
of water and by activation with CaO the hydration,
cementation and strengthening processes take place,
displaying two stages. In the first stage forms
etringite (calcium sulphoaluminate), and in the
second stage the pozzolanic reactions for calcium-
silicate-hydrate (C-S-H) and calcium-aluminum-
hydrate (C-A-H) formation take place. This process
of cementation compounds strengthening has a long-
period development so that early-age mechanical
resistances of cementation products are low, unlike
those developed in a long period of time, which
reach remarkable values [32].

in  moist
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3 Determination of materials
characteristics stabilized with Iasi
fly ash

Extensive use of pozzolanic binders in substructure
and road techniques, especially in stabilization [15],
aims to reduce the consumption of lime and cement,
which are expensive and energointensive
construction materials [3].

Worldwide there are many methodologies for
determining the calculating parameters for layers
consisting of materials stabilized with pozzolanic
binders [33].

As Table 1 shows, samples with size depending on
the maximum size of natural particles are made after
the determination of compaction characteristics of
natural aggregates mixtures containing fly ash from
Iasi thermal power plant (maximum dry density
Ppamax and compaction optimum moisture content

Wopt)-

Table 1 Sample dimensions based on D«
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4 Results, discussions and

interpretations

The comparison of chemical composition with the

admissibility conditions of fly ash from lasi thermal

power plant leads to the following results:

= [t satisfy the conditions related to oxidic major
components (Si0,, Al,O;, Fe,05);

= (CaO content is in permissible limits;

= Although SO; content is greater than the
permitted limit for use as additive in concrete
and mortars, this compound is within 4%, a
maximum value for use of fly ash in stabilized
road structures [36].

In terms of pozzolanic activity the results obtained

by the modified method presented in Figure 1 shows

that with 96 daN/cm’ strength the Iasi fly ash is a

pozzolanic ash. As well, the proposed method shows

that the compressive strength is over 55 daN/cm®

(Table 2), certifying the pozzolanic activity of lasi

fly ash [20].

Table 2 R, compressive strength for fly ash mixture

Maximum Sample dimensions Sample and lime . .
particle . . P Compressive strength R, daN/cm
size Diameter Height volume . Strengthening development
Mixture
D ax om em om’ type normal thermoaccelerated
mm at7 | at28 74
31 7.14 10.50 420 days | days at raays
7 5.05 7.50 150 90% lasi
fly ash; 37.07 | 58.09 55.42
10% lime
There are three series of natural ballast samples. The
ballast is stabilized with fly ashes in dosage of 20%,
25%, and 30%, which were kept in moist c daN/cmp
atmosphere [8]. On these samples both physical and 100
mechanical characteristics (compressive strength R, 90 P
tensile strength by compression on generators R,) at 80 /
ages of 14, 28, 60, 90, and 180 days were 70 /
determined [6]. 60 /
The bending-tensile strength of stabilized mixtures 50 /
is determined by the relationship [46]: 40 7
30 /
&:Hgtgz(z_zj 20—/
R, 4 2 10 / Time
0 dayg
where: Ry — the bending-tensile strength; 0 7

R, — tensile strength by
compression on generator;
¢ - internal friction angle.

Fig.1 Hydraulic evaluation using the modified
method
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Table 3 Physical characteristics of lasi fly ash stabilized natural ballast

Absorbtion
Cement Yw Yd Y dmax %
dog/a £¢ daN/em® daN/em® daN/em® after after Admitted layer
? atvem afvem afvem 7 days 14 days f* b*
20 2.070 1.890 5.33 6.84
25 2.034 1.858 1.890 7.39 9.03 10 5
30 1.983 1.811 8.26 10.04
Swelling Mass lost
% %
after after Admitted layer after after Admitted layer
7 days 14 days * b* 7 days | 14 days | f* b*
2.43 3.04 6.69 3.97
2.94 4.09 5 2 2.98 4.02 10 7
3.07 4.43 2.12 6.72
f* - fundation
b* - bedding

Table 4 Mechanical characteristics derived from stabilized ballast with lasi fly ash

Admissibility conditions
Dosage R, R, R,
Age % N/mm?* N/m}in2 N/mm’? N/Rtg )
foundation layer bedding layer mm
14 20 1.28 0.17 -
days 25 1.42 0.19 0.7 1.3
30 1.76 0.23
73 20 2.01 0.27 -
days 25 2.17 0.29 1.2 2.2
30 2.82 0.34
60 20 3.00 0.40 -
days 25 3.16 0.42 - -
30 4.56 0.43
90 20 3.24 0.49 -
days 25 333 0.52 - -
30 4.83 0.63
20 3.43 0.58 -
dlf)?s 25 3.81 0.59 - -
30 5.05 0.70
20 - - -
(i’fyos 25 6.22 0.75 i .
30 - -

Table 5 Elasticity modulus for stabilized mixtures

For 25% fly ash dosage the 180 days strength must
represent about 2/3 of 360 days strength.

Physical characteristics obtained on three series of
samples made from stabilized natural ballast with a

dosage of 20%, 25%, and 30% lasi fly ash [11] are
presented in Table 3.

Type of mixture MOdulu(Sia(I)\tI‘/ilrillsztiCity’ E
whh ranulatod sog 12,000
@ﬁ%rgg}la;: I?tablhzed 18,000
évﬁlglrffge stabilized 12,000

In Table 5 calculation values of elasticity modulus
stipulated by Romanian regulations are presented.
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WRC N/mmp) 1‘ Rtg(N/mmp)
6.0
5.5 p
5.0 =T —
4.5 al — 1]
4.0 /- Rc — L1 7|
3.5 i e e |
3.0 : 17T
25| | ¥r
200 K e Skl s Rtg
15| I gy e e
1.0 #,ﬂ‘/’ il
0.5 ¢/ age,
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0 14 28 60 90 180 360
""""" 20% fly ash
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Fig.2 Dynamics of R, and Ry, values

Since the results on absorption and swelling
recommend reduced dosage of fly ash in bedding
layer, the proposed admissible values becomes
temporary values, and collecting data for finalization
is necessary. The reduction of lasi fly ash dosage
seems possible taking into account the R, and Ry,
values presented as follows.

Experimental results obtained by samples tested in
humid atmosphere at 14, 28, 60, 90, 180 and 360
days are presented in Table 4. Resistances’
dynamics is shown in Figure 2 [7].

The angle of internal friction and cohesion of
stabilized mixtures with fly ash can be determined
using the following relations:

R —4R,
1gp=—r———
2/R.R, 3R,
Rthg

C=—F——"——
2/R.R, —3R;,

where: R, — compressive strength;
Ry, — tensile strength by
compression on generators;
¢ - internal friction angle;
¢ — cohesion.

Using the determined angle of internal friction the
bending-tensile strength of stabilized mixtures can
be calculated with the above relation.
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The results obtained for the internal friction angle
and cohesion are presented in Table 6 and the
results determined for tensile strength of stabilized
mixtures at 90, 180, 360 days are presented in Table
7. Table 9 presents R, , Ry, for stabilized mixtures.

Table 6 The internal friction angle and cohesion

Age Dosage | @ C Ry
days % ° | N/mm’ | N/mm?
20 33 0.85 0.92
90 days 25 33 0.90 0.97
30 40 1.12 1.04
20 29 1.00 1.18
180 days 25 33 1.02 1.10
30 42 1.25 1.11
360 days 25 37 1.31 1.32
Table 7 Tensile strength values
Dosage Rti adm
Age % N/mm?
20 0.41 - 0.65
90 days 25 - 0.42 -0.67
30 0.60 - 0.97
20 0.43 -0.69
180 days 25 0.5 | 048-0.76
30 0.71 -1.11
20 -
360 days 25 - 0.78 -1.24
30 -
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Mechanical characteristics obtained by thermo-
accelerated strengthening at temperature regimes
of 35°C and 60°C are presented in the first part of
the Table 9. Experimental results obtained from
specimens preserved in wet atmosphere at the age
of 14, 28, 60, 90, 180 and 360 days are presented
in the last part of Table 9.

The objectives proposed in this study are to
reduce the time needed to establish optimum
mixture and to establish correlations between
mechanical properties and characteristics
obtained by thermo-accelerated strengthening
and the mechanical features obtained on pressed
samples in wet atmosphere (storage condition
according to Romanian norms in force).

The difference between values associated with
different mixture dosages at 35°C is significant
for R, at 7 days; for Ry, the differences are
significant for both sample ages. In the case of
60°C temperature the difference between dosages
appears in case of R, at both ages of samples.

Vasile Boboc, Ancuta Rotaru, Andrei Boboc

In the last columns of the Table 9, the admissibility
conditions of Romanian regulations are presented,
in order to adopt the value of 1,000 daN/cm”® for
the deformation modulus.

The data analysis from Table 9 shows that de R,
admissibility conditions are not accomplished for
realizing base layers, even for 20% fly ash dosage
(Table 8). This condition is not of major
importance since the elasticity modulus is
effectively determined and it is not used a unique
value for the deformation modulus as in the case of
admissibility condition regulations.

Table 8 Non-admitted dosages for lasi fly ash

Age | Dosage Iasi fly ash mixture
days % %
14 20 98,50
20 91,30
28 25 98,60

Table 9 Mechanical characteristics R, and Ry, for stabilized mixtures

Normal Accelerated strengthening
Age | Dosage | strengthening +35°C +60°C
R, Ry R, Ry R, Ry
days % N/mm’ | N/mm? | N/'mm* | N/mm? | N/mm? | N/mm’
20 1.40 0.18 3.05 0.41
3 25 1.49 0.21 3.18 0.42
30 1.57 0.24 3.82 0.49 Admissibility conditions
20 2.08 0.21 3.54 0.57 R,
7 25 2.12 0.23 3.87 0.58 foundation | base | Ry
30 2.88 0.35 5.39 0.61 layer layer
20 1.28 0.17
14 25 1.42 0.19 0.70 1.30 -
30 1.76 0.23
20 2.01 0.27
28 25 2.17 0.29 1.20 2.20 -
30 2.82 0.34
20 3.00 0.40
60 25 3.16 0.42 - - -
30 4.56 0.43
20 3.24 0.49
90 25 3.33 0.52 - - -
30 4.83 0.53
20 343 0.58
180 25 391 0.59 - - -
30 5.65 0.70
20 - -
360 25 6.22 0.75 - - -
30 - -
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Table 10 The ratio between R, Ry, for normal strengthening versus R., R, for accelerated strengthening

R.and Ry, for accelerated strengthening
Dosage | Age | R. 135°C 160°C
‘s‘ft 3 days 7 days 3 days 7 days
[ Rt Rc Rt Rc Rt Rt
o days atm. N/l;lcrn2 N/mm? | N/mm? | N/ mm’ N/mm? | N/mm? N/l;:rn2 N/mm
14 R, 0.91 - 1.63 - >2.00 - >2.00 -
Ry, - 1.06 - 1.24 - >2.00 - >2.00
73 R, 0.70 - 1.03 - 1.52 - 1.76 -
Ry - 0.67 - 0.78 - 1.52 - >2.00
R, <0.50 - 0.69 - 1.02 - 1.16 -
20 60 Ry - <0.50 - 0.53 - 1.03 - 1.43
90 R, <0.50 - 0.64 - 0.94 - 1.09 -
R, - <0.50 - <0.50 - 0.84 - 1.16
130 R, <0.50 - 0.61 - 0.89 - 1.03 -
Ry - <0.50 - <0.50 - 0.71 - 0.98
14 R, 0.95 - 1.49 - >2.00 - >2.00 -
Ry - 1.10 - 1.21 - >2.00 - >2.00
73 R, 0.69 - 0.98 - 1.47 - 1.78 -
R, - 0.72 - 0.78 - 1.45 - 2.00
60 R, <0.50 - 0.67 - 1.01 - 1.22 -
75 Ry - 0.50 - 0.55 - 1.00 - 1.38
90 R, <0.50 - 0.64 - 0.95 - 1.16 -
R - <0.50 - <0.50 - 0.95 - 1.12
130 R, <0.50 - 0.56 - 0.83 - 1.02 -
R, - <0.50 - <0.50 - 0.81 - 1.02
160 R, <0.50 - <0.50 - 0.61 - 0.74 -
Ry - 0.50 - <0.50 - 0.71 - 0.77
14 R, 0.89 - 1.64 - >2.00 - >2.00 -
Ry - 1.04 - 1.52 - >2.00 - >2.00
73 R, 0.56 - 1.02 - 1.35 - 1.91 -
R, - 0.71 - 1.03 - 1.44 - 1.79
R, <0.50 - 0.63 - 0.84 - 1.18 -
30 60 Ry - 0.56 - 0.81 - 1.14 - 1.42
90 R, <0.50 - 0.60 - 0.79 - 1.12 -
Ry - <0.50 - 0.56 - 0.78 - 0.97
130 R, <0.50 - 0.51 - 0.68 - 0.95 -
Ry - <0.50 - 0.50 - 0.70 - 0.87

Natural ballast stabilized with 30% fly ash from
thermal power plant presents the largest compressive
strength increases [38].

In Table 10 the ratio between R, and Ry, for normal
strengthening versus R. and R, for accelerated
strengthening is presented.

If the values create an improper fraction (the value
of R, is greater than the value of Ry,) the reports are
useful to evaluate the mechanical characteristics of
high ages of samples.

To enhance the confidence level of resistance
assessment, which justify the use of proper
fractions (the value of R, is less than the value of
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Ry,), the difference of 25% is proposed.

The insurance of thermo-accelerated strengthening
scheme at 35°C and 60°C allows obtaining a 90%
confidence level for the significant mechanical
characteristics as follows:

- [Establishing, in the design stage, of the
calculating value for the deformation module of the
material stabilized with fly ash from thermal plants;
- Obtaining the R, and R, values at standard ages
to confirm the fulfillment of quality conditions of
road layers stabilized with fly ash from thermal
plants [13].

The correlations established between R, and Ry, are
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very useful in laboratories for achieving the
compression test only and using the established
conditions to determine the tensile strength by
compression on generator.

The fatigue effect on bending tensile strength has
been determined by comparing Ry and Ry, values
corresponding to samples of the same age. Ry, is the
bending tensile strength for control specimens, and
Ry, has the same signification for specimens prior
subjected to fatigue. The obtained fatigue curves
show a behaviour corresponding to materials
stabilized with lasi fly ash.

5 Conclusions

Fly ash properties are somewhat unique as an
engineering material [2].

Unlike typical soils wused for embankment
construction [26], fly ash has a large uniformity
coefficient consisting of silt-sized particles [40].
Engineering properties that will affect fly ash’s use
in embankments [23] include grain size distribution,

compaction  characteristics,  shear  strength,
compressibility, permeability, and frost
susceptibility [1].

Mechanical performances, which the materials
stabilized with pozzolana can reach, the economic
efficiency and the environmental benefits [29], are
redoubtable trumps for challenge an official decision
in order to resuscitate the interest of stakeholders
(directors, producers and users) to maximize the use
of pozzolana flash in road construction [1].
Correlations between mechanical strength achieved
by thermo-accelerated strengthening at 35°C and
60°C at 3 and 7 days respectively and mechanical
strength under standard conditions of storage (wet
atmosphere) determined at significant ages, indicate
the usefulness of thermo-accelerated method for
laboratory studies. Correlations reduce the time
needed to select the best recipes for pozzolana
cement-type stabilization with fly ash from thermal
power plants.

Correlations between compressive strength and
tensile strength by compression on generator ensure
the limitation of laboratory tests only to compression
test, which provides sufficient practical equipments
that fit in every geotechnical laboratory.

By the physico-mechanical performances that fly
ashes can achieve when a proper design is realized
in the laboratory stage and when the execution
comply strictly the technology of the stabilized
layers [27], the fly ashes from thermal power plants
can successfully replace the cement, with both
economic and environmental benefits [24].
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Using concrete with thermal ash in addition for
reducing costs is known from effectual norms and
standards [18].

Implementation of concrete with addition of thermal
ash in building construction elements such as boards
or blocks is also an advantage [17].

It can replace up to 30% by mass of Portland cement
[30], and can add to the concrete’s final strength and
increase its chemical resistance and durability [31].
Due to the spherical shape of fly ash particles, it can
also increase workability of cement while reducing
water demand [31].

References

[1] Andrei B. and Voinitchi C., The Ash from
Thermal Power Plant - Ecological Cement in Road
Works, Clean Energies Symposium, Bucharest,
October, 2004.

[2] Badea C., Bob C., Balcu I., Dan S., Buchman 1.,
Experimental Researches on Efficient Building
Materials Made with Ultra Fine Fly Ash, Proc. 1st
WSEAS Int. Conf. on Materials Science
(MATERIALS'08), Bucharest, November, 2008, pp.
16-20.

[3] Belc Fl., Lucaci Gh., New Trends in Designing
Road Resistance Structures, Proc. 11th WSEAS Int.
Conf. on Sustainability in Science Engineering (SSE
'09), Vol. I, Timisoara, May, 2009, pp. 108-113.

[4] Bob C., Bob L., Sustainability of New and
Strengthened Buildings, Proc. 11th WSEAS Int.
Conf. on Sustainability in Science Engineering (SSE
'09), Vol. I, Timisoara, May, 2009, pp. 132-136.

[5] Boboc V., Ph.D Thesis, Contributions on
Dimension of Half-Stiff Road Systems, Gheorghe
Asachi Technical University of lasi, Romania, 1995
(in Romanian)

[6] Boboc V., Iriciuc C. S., Boboc A., The Use of
Fly Ash and Volcanic Tuff for the Construction of
the Mixed Road Pavements, Intersections /
Intersectii, Transportation Infrastruct. Engineering,
2(9), 2005.

[7] Boboc V., Supperior Technologies for Road
Layers of Stabilized Material with Pozzolanic
Binder, Construction 2000 Symposium, Cluj-
Napoca, 1993.

[8] Bogdan A., Ungureanu V.V., Determination of
Optimal Dosage Activator, Essential Factor in the
Pozzolanic Binder Formulation, Proc. 11th WSEAS
Int. Conf. on Sustainability in Science Engineering
(SSE '09), vol.I, Timisoara, May, 2009, pp. 346-351.
[9] Bouzoubai, N., Zhang M.H. and Malhotra V.M.,
Effects of Grinding on Physical and Mechanical
Properties of High-volume Fly Ash Blended

Issue 6, Volume 6, June 2010



WSEAS TRANSACTIONS on ENVIRONMENT and DEVELOPMENT

Cements, World Cem., 29 (11), 1998.

[10] Bucchi R., Outlines on Additions and
Composite Cements. Point of View of Industry,
Proc. 8" Int. Congr. Chem. Cem., Rio de Janeiro
1986, vol.1, p. 185.

[11] Cannon R.W., Bridging the Gap: Proportioning
with Fly Ash, Concrete-International, 20(9), 1998.
[12] Chivu M., Chivu R., Covaci M., Covaci B.,
Sustainable Development Based on Strategic
Management, Proc. 5th Int. Conf. on Energy,
Environment,  Ecosystems and  Sustainable
Development (EEESD '09) and 2nd International
Conference on Landscape Architecture (LA '09),
Vouliagmeni, Athens, September, 2009, pp. 345-
350.

[13] Costescu C., Belc C., Comments on the
Calculation of Flexible and Semirigid Road
Pavements in Romania, Proc. 11th WSEAS Int.
Conf. on Sustainability in Science Engineering (SSE
'09), vol.I, Timisoara, May, 2009, pp. 201-206.

[14] DiGioia A.M. Jr. and Nuzzo W.L., Fly Ash as
Structural Fill, Proceedings of the American Society
of Civil Engineers, Journal of the Power Division,
New York, June, 1972.

[15] DiGioia A. Jr., Nuzzo W., Fly Ash as Structural
Fill, Proc. American Society of Civil Engineers,
Journal of the Power Division, New York, June
1972.

[16] Erdogdu K. and Turker P., Effects of Fly Ash
Particle Size on Strength of Portland Cement Fly
Ash Mortars, Cement and Concrete Research, 28

(9), 1998.

[17] Gheorghiu D. and Popovici V., Use and
Development of Power Station Ashes in
Construction Works, Materale de Constr. Bucharest,
28 (2), 1998.

[18] Gray, D.H. and Lin Y.K., Engineering

Properties of Compacted Fly Ash, Proc. American
Society of Civil Engineers National Water
Resources Engineering Meeting, Phoenix, Arizona,
January, 1971.

[19] Hough B.K., Basic Soils Engineering, Ronald
Press Company, New York, 1969.

[20] Hwang K.R., Noguchi T. and Tomosawa F.,
Effects of Fine Aggregate Replacement on the
Rheology, Compressive Strength and Carbonation
Properties of Fly Ash and Mortar (Part of Fly Ash,
Silica Fume, Slag, and Natural Pozzolans in
Concrete), Sixth CANMET/ACI/JCI Conference,
Bangkok, 1998, p. 401.

[21] iescu M., The Environment Protection and the
Fuel Reduction in the Technology of the Asphaltic
Mixtures, Proc. 11th WSEAS Int. Conf. on
Sustainability in Science Engineering (SSE '09),
vol.I, Timisoara, May, 2009, pp. 137-140.

ISSN: 1790-5079

445

Vasile Boboc, Ancuta Rotaru, Andrei Boboc

[22] Jiang Y. and Yan C., Influence of Particle
Distribution of Fly Ash on the Performance of
Cement, Jianzhu Cailiao Xuebao, 1(3), 1998, p. 245.
[23] Kinder, D.L. and Morrison R.E., An
Engineering Approach for Using Power Plant Ash in
a Structural Fill, Proc. Fifth International Ash
Utilization Symposium, Atlanta, Georgia, 1979.

[24] Kralj D., Trnavcevic A., Environmental
Management Need Environmental Indicators, Proc.
4th IASME / WSEAS Int. Conf. on Energy &
Environment (EE'09), Cambridge, February, 2009,
pp. 273-277.

[25] Lee B.K., Byeon S.H., Energy Potential from
Industrial Sold Waste, Proc. 4th IASME / WSEAS
Int. Conf. on Energy & Environment (EE'09),
Cambridge, February, 2009, pp. 88-93.

[26] Martin, J.P., Collins R.J., Browning J.S.III and
Biehl F.J., Properties and Use of Fly Ash for
Embankments, Proc. 22nd Annual Mid-Atlantic
Industrial  Waste  Conference, Philadelphia,
Pennsylvania, 1989.

[27] Meyers J., Pichumani R., Kapples B. Fly Ash. A
Highway Construction Material. Federal Highway
Administration, Report No. FHWA-IP-76-16,
Washington DC, 1976.

[28] McLaren R.J. and Digioia A.M., The Typical
Engineering Properties of Fly Ash, Proc. Conf. on
Geotechnical Practice for Waste Disposal,
Geotechnical Special Publication, ASCE, New York,
1987, p. 683.

[29] McLaren R. J. and DiGioia A. M. Jr., Typical
Engineering Properties of Fly Ash, Proc.
Geotechnical Practice for Waste Disposal, University
of Michigan, June, 1987.

[30] Mehta P.K., Investigations on Energy-Saving
Cements, World Cement Technology, 5, 1980, p.
166.

[31] Mehta P. K., Role of Pozzolanic and
Cementitious Material in Sustainable Development
of the Concrete Industry, Fly Ash, Silica Fume, Slag,
and Natural Pozzolans in Concrete, Sixth
CANMET/ACI/JCI Conference, Bangkok, 1998.
[32] Moir G.K., Glasser F.P., Mineralisers,
Modifiers and Activators in the Clinkering Process,
Proc. 9" Intern. Congr. Chem. Cem., vol.1, New
Delhi, 1992, p.125.

[33] Pathan S. M., Aylmore L. A. G., Colmer T. D.,
Properties of Several Fly Ash Materials in Relation
to Use as Soil Amendments, Journal of
Environmental Quality, 32, 2003.

[34] Popescu Gh., Environmental Friendly Nuclear
Power Need Risk Mitigation, Proc. 2nd International
Conference on Environmental and Geological
Science and Engineering (EG '09), Brasov,
September, 2009, pp. 112-116.

Issue 6, Volume 6, June 2010



WSEAS TRANSACTIONS on ENVIRONMENT and DEVELOPMENT

[35] Ravina D., High Performance Fly Ash Concrete
- From Fundamental Science to Engineering, Joe G.
Cabrera Symposium on Durability of Concrete
Materials (Part of Fly Ash, Silica Fume, Slag, and
Natural ~ Pozzolans in  Concrete), Sixth
CANMET/ACI/JCI Conference, edited by R.N.
Swamy, Bangkok, 1998.

[36] Reed G.D., Davis W.T., Pudelek R.E., Analysis
of Coal Fly Ash Properties of Importance to Sulfur
Dioxide Reactivity Potential, Environ. Sci. Technol.,
18(7), 1984.

[37] Robu L., Binder compositions based on fly ash
from the power plant. PhD thesis, Civil Engineering
Institute of Bucharest, 1986 (in romanian language).
[38] Rogbeck J, Knutz, A, Coal Bottom Ash as Light
Fill Material in Construction, Waste Management,
16(1-3), 1996, pp. 125-128.

[39] Rosen M., Energy and Environmental
Advantages of Cogeneration with Nuclear and Coal
Electrical Utilities, Proc. 4th IJASME / WSEAS Int.
Conf. on Energy & Environment (EE'09),
Cambridge, February, 2009, pp. 175-182.

[40] Scheetz B.E., Earle R., Utilization of Fly Ash,
Current Opinion in Solid State & Materials Science,
3(5), 1998.

ISSN: 1790-5079

446

Vasile Boboc, Ancuta Rotaru, Andrei Boboc

[41] Skodras G., Karangelos D., Anagnostakis M.,
Hinis E., Grammelis P., Kakaras E., Coal Fly-Ash
Utilisation in Greece, Int. Ash Utilization Symposia
and the World of Coal Ash Conference, 2005

[42] Voina N.I.,, Theory and Practice in Thermal
Power Plant Ash Utilization, Ed. Tehnica, 1981 (in

Romanian).
[43] Zekovic S., Vujosevic M., Impact of Risk and
Uncertainty on Sustainable Development of

Kolubara Lignite Basin, Proc. 4th IASME / WSEAS
Int. Conf. on Energy & Environment ENERGY &
ENVIRONMENT (EE'09), Cambridge, February,
2009, pp. 357- 362.

[44] AASHTO Guide for Design of Pavement
Structures, American Association of State Highway
and Transportation Officials, Washington DC, 1986.
[45] ASTM E1861-97, Standard Guide for Use of
Coal Combustion By-Products in Structural Fills,
American Society for Testing and Materials, West
Conshohocken, Pennsylvania, 1997.

[46] SR 13298 / 95, Natural and Man-Made
Pozzolana Materials.

[47] CD 127 / 2002, Norms for Roads Layers
Executed with Natural Aggregates Stabilized with
Pozzolana Cement.

Issue 6, Volume 6, June 2010





