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CHAPTER 1

Introduction

1.1 General Review

Nowadays, nuclear energy plays a key role in bringing benefits not only in
energy for nuclear power plant, but also accelerators in medical and in industrial, then
in radiation sources for agricultural field. For long-term existence in the future, nuclear
energy may be the one solution to the scarcity of unrenewable resources such as the
oil, natural gas, peat, coal, when the demand of energy is increasing. In addition,
nuclear energy can be considered as the other forms of energy to produce electricity
by reliable, safe, clean energy and pollution-free sources. Nuclear power plants—as
an alternative to fossil energies—are also the source of sustainable energy[1]. There
recorded at least 439 operating nuclear power plant producing net capacity almost
378 GW and also 69 in the construction phase with 30 countries user state worldwide
including Asian countries e.g., China, India, Iran, Japan, Korea, Pakistan, and Vietnam[2].
But, many users especially Southeast Asia countries still do not understand and worry
to use nuclear energy as the safety issue arise. Thus, the dissemination of nuclear
safety has to be conducted to convince users and to enable the construction of power
plant. In fact, the working principle of nuclear power plant is similar to conventional
thermal power plant, but different fuels as a source of heat in the boiler water.
However, producing energy with nuclear—both fission and fusion reaction—is emitting
nuclear radiation that require special handling with some special material building to

prevent space of radioactive rays.
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Figure 1.1 Absorption power in different types of radiation rays[3]

Application of heavyweight concrete is not only in energy field area. In daily
life, radiation has been used many years ago. In application for gamma-ray irradiation
for example, radiation is used for sterilization in relation with food processing
manufacture, pharmaceutical, and processing for medical device. Then, heavyweight
concrete is needed to overcome protection in area that gamma-ray irradiator existed.
Or even in hospital, heavyweight is applied for making radiography room become safety

for worker and patients.

As we know, radiation has destroying effect invisibly and harmful for human
being. Hence, it needs material that has capability to absorb radiation of radioactive
especially gamma rays. Gamma rays have longer wavelength propagation, so that
needs special material which more solid density and more thickness such as concrete.
Moreover, not only normal fine aggregate like sand or normal coarse aggregate like
gravel and granite, but also material that have high specific density or called
heavyweight material such as barite (BaSO,), Magnetite (Fe;0y), ilmenite (FeTiOs), etc.
In term of nuclear power plant, heavyweight concrete is largely used as shielding of

nuclear reactor which radioactive rays occurred. This shielding is not only preventing



from radioactive rays, but also has appropriate strength to resist pressures that happen

in reactor.

Utilization of heavyweight concrete in Thailand has not been developed yet.
An increasing power supply in nuclear energy based becomes one of the factors for
starting heavyweight material exploration. As beginning stage with data collection of
supply material existing bring through possibility of heavyweight material as mass
production for industry occurs. Then, quality checking compares with standards which
are used globally become heavyweight material properties similar in every area in
Thailand. Furthermore, those combination heavyweight materials produce effective
mixture for gamma rays attenuation and mechanical properties of concrete become
major purpose of this research study. The prospective of heavyweight concrete
application besides shielding based on mechanical properties become another

allurement to be expanded.
1.2 Objectives and Scope of Works
The purposes of this research as follow:

1. Study basic properties of heavyweight material especially barite types, consider
appropriate of each material source and compare the advantages and

disadvantages for each material that available in Thailand.

2. Developing a heavyweight concrete mixture and appropriate use of different
material in term of composition and volume used in radiation shielding

effectively.

3. Studying mechanical properties behaviour of structural member in heavyweight

concrete.



The scope of this research as follow:

Mineral and aggregate all the tests to come from domestic sources only, which

is in this case only use Barite material in Thailand.

Tests the basic properties of fresh concrete and hardened concrete. According

to the standards of ASTM.

Steps in determining how to design concrete hard according to the standards of

ACL.

Measuring mineral properties of aggregates include density, mineral contents,

and chemical compositions.

Measuring gamma rays shielding efficiency only by computing gamma ray
attenuation properties of concrete using sources of caesium 137 (**'Cs), and

cobalt 60 (°Co).

Computing mechanical properties include compressive strength, modulus

elasticity, and stress-strain relationship.

Benefits expected to be received as follow:

1.

Getting information about sources and types of heavyweight material that
available in Thailand, both in quantity and quality. Thus, it can be applied as

mass production industry.

Offering an option in the heavyweight material selection that can be used to mix
concrete in certain areas such as gamma irradiation plant, gamma radiography

room, and medical treatment room.

Effective mix design of heavyweight concrete considered in terms of radiation

attenuation and mechanical properties performance.



4.  Establishing a relationship between the radiation attenuation coefficients of

different mix design heavyweight materials.
1.3 Outlines

This research thesis is arranged by reviewing background, heavyweight concrete,
radiation transmission, mix design of heavyweight concrete and radiation test in
Chapter 2. The basic concepts of mechanical properties in concrete are also featured.
Continuing by the sequence of experiment in detail about mixture concrete for gamma
rays radiation attenuation and investigation of mechanical properties are showed in
Chapter 3. Explanation result summarizes in basic analysis of physical properties each
heavyweight material and effective mix design for gamma rays attenuation can be
found in Chapter 4. Moreover, all parameters of mechanical properties each mix design
is presented in this chapter. At the end, Chapter 5 contains conclusion and outlook of

this research thesis, also advice for next researches.



CHAPTER 2

Literature Review

2.1 Background

Concrete has been used since ancient times. At that time, producing concrete
is easy by mixing all materials then can be used directly. In modern era, increasing of
construction led to a surge in concrete demand. These developments urged
improvement and enhancement of concrete not only in terms of quantity but also in
terms of quality to keep constantly. According to different purposes, sometimes
normal concrete cannot meet the required demand. In order to fulfil high performance
requirement, new term of concrete have been developed by conform to beyond the

standard limits of normal performance range.

Concrete with specific requirement or well-known as high performance
concrete (HPC) is concrete which made by combining some proportion of materials
with  may require special consideration during mixing, transporting, placing,
consolidating, and curing so resulting excellent performance concrete that will be used
in structure, exposed in environment, and carried loads which subjected its design[4].
Because of using unusual concrete, there some standards as consideration are
structural, environmental, loads, materials and mix design, also the construction
process. In relation to materials and mix design, concrete which becomes focus on this
study is heavyweight concrete. The numbers of research on heavyweight concrete

have been carried out due to development of nuclear as renewable energy.

This chapter gives the basic knowledge and ideas to support this thesis research
with some experimental and theories research are reviewed. Comprehensive

researches with complete investigation in experiments and develop complex mixture



design will exceed the scope of study. Only some material with mixture design will be

considered.
2.2 Heavyweight Concrete

Heavyweight concrete is the concrete with high density of material’s
composition. As mentioned ACl Standard 304R-00, special consideration on
heavyweight concrete which combines proportion of high specific gravity materials led
to an increase in density of concrete. So this is depended on the type of aggregate to
be mixed in concrete. Furthermore ACI stated that by using natural aggregates and
synthetic aggregates provide typical density of concrete higher than 3.840 kg/m’ and
5.450 kg/m?, respectively[d]. For example, by using mineral barite will be achieved
density of concrete around 3.500 kg/m? or 45% higher than normal concrete, whilst
mineral magnetite, other very heavy minerals with iron, and lead shot can produce
3.900 kg/m’ (60%), 5.900 kg/m’ (145%), 8.900 kg/m> (270%), respectively, are higher

than normal concrete[5].

Developing heavyweight concrete as mass production industry related to
availability raw material in nature, costs a lot using imported raw. Strategic location
geologically made Thailand has heavyweight material abundant[6]. In fact, heavyweight
concrete has been used to construct medical building e.g., x-ray room or combination
of counterweight foundation in structure in Thailand, but this application is still measly.
In term to application heavyweight concrete as mass production is needed further
assessment to check properness of it; both qualities of physical and chemical

properties, also amount of it.



Table 2.1 Characteristics and distribution heavyweight material in Thailand([7]

. Specific . .
Material | Formula| Type Gravity Characteristic Location
high specific gravity: non- Petchaburi; Udonthani; Chiang Mai;
magnetic; majority used to Lampun; Lampang; Phea;
Barite BaSO, Non-metal| 4.5 g ] ) . Meahongson; Tak; Nakorn Sri
weighting agent and filler in .
aint and plastics; insolubility Thammarat; Suratthani
P P ' Kanchanaburi; Uthaithani; Ratchaburi
Kanchanaburi; Phea; Chiang Mai;
. . Tak; Lampang; Meahongson;
Low melting point; natural h .
Galena PbS Metal 7.5 W ng pot ! Sukhothai; Suratthani; Pathalung;
semiconductor .
Songkhla; Satoon; Nakorn Sri
Thammarat
Nakorn Sri Thammarat; Lopburi;
Hematite Fe,03 Metal 5.3 |anti-ferromagnetic Uthaithani; Chiang Mai; Suratthani;
Sukhothai; Nakornsawan
basically weakly magnetic but
lIminite FeTiO4 Metal 3.7 |will have magnetic Kanchanaburi; Chantaburi; Trat
characteristic when burn
E?-g:g-s (;J;gl:/aer;tsr:;av?[ne'i[:; Lopburi; Nakornsawan; Lai;
Magnetite Fe;0, Metal 5.18 y A Iy. . Chonburi; Rayong; Krabi; Nakorn Sri
hydrochloric acid; stabil in
: Thammarat
high temperature
lustrous, greyish-white, soft,
ductile and malleable metal
which is solid at room
Zircon Zr(SiO4) | Non-metal| 4.68 e e B peutron- Chantaburi; Trad; Srisakate; Phe
capture cross-section and
good resistance to corrosion
under normal service
conditions

Correlating with improving electricity supply by nuclear energy, Thailand has

been done preliminary study to construct nuclear power plant in few years ahead in

some areas, and for that reason, it will be needed a lot of resource raw materials.

Department of Mineral Resources Thailand[8] as authorized institute has being done

for mapping distribution and recorded mineral material which available in Thailand.

Dividing into 52 parts of Thailand, It maps available material including heavyweight

material. This work excluded computing and calculating amount of material which

mining explored or still raw in nature. By resuming those maps, Thailand divided into

bigger part to make easier descripting distribution heavyweight material then measuring

highest amount in each area only to restrict with data needed in this research.




As mentioned before, 52 parts map information about distribution mineral that

available in Thailand is summarized becoming five different parts based on geographic

location. Moreover, this data is filtered among all economic minerals into mineral that

have potentially creating heavyweight mixture. Based on this data, barite mineral is

available almost every region in Thailand. It means barite mineral can be used as

heavyweight concrete in mass scale. Then, variation of iron mineral is abundant its

types especially ilmenite, lead, and fluorite. Those materials are available in all area.

North
antimony
barite
chromite
dolomite
diatomite
feldspar
fluorite
zinc

West
antimony
barite
dolomite
feldspar
fluorite
lead

South
antimony
barite
chromite
columbite
dolomite
feldspar
fluorite
garnet
ilmenite
lead
leucoxene

laterite
lead
magnesite
manganese
monazite
tin
tungsten

manganese
tin
tungsten
zinc

zircon

lignite
manganese
monazite
rutile
samarskite
tantalite
tin
tungsten
xinomite
zircon

North-East
barite manganese
carnallite  sylvite
chromite  tektite
dolomite  zinc
laterite zircon
lead
Central
barite lead
bentonite  manganese
calcite perlite
chalcedony pyroxene
chromite  tin
dickite travertine
dolomite  tungsten
emery wollastonite
fluorite zinc
feldspar
East
antimony  ilmenite
barite lead
chromite ~ manganese
columbite  molybdenite
dolomite  monazite
feldspar rutile
fluorite xinomite

zinc
zircon

garnet
graphite

Figure 2.1 Distribution and variation heavyweight concrete in Thailand[8]

Selection of heavyweight material that will be used is not only amount but

also physical and chemical characteristics. Heavyweight material especially its density

brought important role in protection beside capability in term strength in structure.
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2.3 Radiation Transmission

Density often associated with the ability to prevent radioactive rays especially
gamma rays, so that a higher density of concrete more capable attenuate gamma-rays.
Hence, density have main role to absorb gamma rays in heavyweight concrete[9].
Radiation attenuation coefficient (L attenuation coefficient) is given by Beer’s law
which the exponential attenuation law as shown in Equation (2.1) and (2.2) to specify

linear attenuation coefficient. It shall be written as:

_ |
I =lee (2.1)

o]
i=—=In| —
x Ll (2.2)

Where | is the appearing intensity, lq is the radiation intensity from source, x is the
thickness of media absorber (in cm or g/cm?), and W is coefficient of gamma-rays
attenuation. The resulted unit varies between cm™ and cm?/g, which called “linear
attenuation” and “mass attenuation coefficients”, respectively. Linear attenuation

coefficient is largely used to compute media absorber with different thickness.

[«—x—>]
I,
/
- > H _—
B
I =1,

Figure 2.2 The Exponential Law of Radiation Attenuation[10]

Moreover, we can correlate Equation (2.1) with including density (P) of the media if it

has different density which is defined as mass attenuation coefficient as follows

| = |Oe{ﬁj(px) (2.3)
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Which P is density of media absorber (in g/cm?); the ratio I/, is represented propagation
of radiation especially for gamma-rays. More detail, Figure 2.2 can be explained the
influence of linear attenuation coefficient with applied three types of gamma-ray
energies.

1.000

0.750

0.500

TRANSMISSION

0.250

L i
0 . 0625 1.250 1.875 2.500

LEAD THICKNESS {cm)

Figure 2.3 Gamma-rays propagation with different media absorbers and energies[10]

Linear attenuation coefficient is ability of absorbing media properties. As
showed in Figure 2.3 that the rising of gamma-rays propagation due to the increasing
of radiation energies otherwise will be decreased by thickness of media. Therefore,
linear attenuation coefficient can be said the easiest methods in experimental to
calculate the absorption of a material only using thickness of media without
considering the type of material which is related to density. On the other hand, mass
attenuation coefficient considers electron density which is affected by atomic number

and mass, also mass density due to interacting of gamma-rays with electrons.
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Figure 2.4 Interaction processes for obtaining Total Attenuation Coefficient[10]

The figure above is calculated contribution of each interaction processes which
depends on energy of gamma-rays and media absorber’s number of atomic[10, 11].

These interaction are classified into three main processes which are

a. Photoelectric absorption is the loss of gamma-rays due to interaction with atomic

electron.

b.  Compton Scattering is the transfer of gamma rays energy process effect of

interaction with atomic electron.

C. Pair Production is the construction a pair of electron-positron impact of atomic

coulomb field in surrounding nucleus that created by gamma-rays energy greater

than 1.022 MeV.

Interaction processes also can be shown by defining density into attenuation

coefficient that can be seen in Figure 2.5 as follow
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Figure 2.5 Contribution of each interaction processes due to attenuation coefficient

and density of material[11]

Applying three processes into several materials, we concluded that number of
atomic is dependent parameter which determines rising of low-energy. This means that
photoelectric process is influent interaction among all materials except hydrogen.
Above that rises, Compton Scattering process has influent with indicated dropping of
mass attenuation value. More detailed value of mass attenuation coefficient some

element lead as gamma ray energy can be seen in Figure 2.6 below.

10.0

LI B N SRR T T T 1111
185.7 keV
235, :
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| S

1.00

11 |l|l||

1

Total Narrow-Beam Mass Attenuation Coefficient, i (em2/g)

0101 203.5%eV =

- 29p, .

u 152.8 keV

L 238p,, _

B 59.5 keV 208.0 keV

24 241, 1 _TE6A keV

: Am Pu 238

i AN ( P R
0.01 MR Y 1 gyl AN RET!

0.01 0.10 i 1.00 10.0

Gamma-Ray Energy iMeV)

Figure 2.6 The value of mass attenuation coefficient several elements[10]
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2.4 Mixed Design of Heavyweight Concrete and Radiation Testing

Development and utilization of heavyweight material in term to density has
been used largely. This is associated to development of nuclear energy as a substitute
for petroleum which limited amount. As result, we need necessary material that can
counteract one of the results of reaction which is harmful radiation. It encourages
some research to produce a superior product enhancement either ability to absorb

radiation rays or quality and power of the resulting mixture.
2.4.1 Mixture of Barium Minerals

These are conducted to look for the best mixed material in term of physical,
chemical, and mechanical characteristics. In the past, many researches have done to
mix some heavy material obtaining concrete for preventing radioactive rays. Mineral
Barite (BaSOy,) is usually used for this mixed due to it has high density among other
heavy mineral, but it is not adequate amount around the world. I. Akkurt et al[12]
observed mineral barite in mixing concrete, both fi