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Abstract

In the direction of evaluate the influence of nano silica particles (NS) on calcium
silicate hydrate (CSH) formed at early-stage, hydration of tricalcium silicate (CsS),
hydration rate and Ca (OH). content of hydration products were measured. An
experimental study was carried out on five mixes of cement paste with water/cement
ratio of 0.28 by weight. The studied dosages of NS are 0.5%, 1%, 1.5% and 2% by
weight of cement as an addition. The degree of hydration was measured by Thermo-
Gravimetric Analysis test (TGA) after 1 day. TGA allows determination of the amount
of water bound in portlandite, and the total amount of chemically bound water. TGA
was used to calculate all Differential Thermal Analysis (DTG) curves, TG curves, mass
losses and temperature peaks by using apparatus software. It was concluded that adding
of NS to cement paste up to 2%, NS improves the microstructural characteristics in
comparison with the neat cement paste. The test results shows that NS be good not only
as filler to improve the microstructure, but also as an activator to enhance the pozzolanic
reaction, which promote the formation of hydrated products. Furthermore, the CSH gel
of cement paste increases with the increase of NS content, which finally leads to the
more compact and dense structure of hardened paste.

Keywords: Nano Silica, hydration products, Thermo-gravimetric analysis, degree of
hydration.

1 Introduction

Application of nanotechnology in concrete is a research area gaining significant interest
at present. It involves engineering of concrete at the nano-meter scale by inclusion of
nano materials to improve the structure of concrete from the nano-meter scale through
to higher dimensions, which can change the concrete world. Nano materials improve
the most concrete properties [1, 2]. The effect of the Nano materials can be summarized
as follows: (i) NS not only act as fillers to improve the microstructure, but also as an
activator to promote pozzolanic reactions [3], (ii) work as a nucleation site for CSH
seeds which then accelerate the cement hydration [4], (iii) NS accelerated the
consumption of C3S and the formation of portlandite (small sized CH) crystals and
homogeneous clusters of CSH composition [4], and (iv) NS improve the microstructure
of the interfacial transition zone (ITZ) between aggregates and cement pastes [5]. NS
improves the mechanical properties of cement, mortars, and concrete [6, 7]. Many of
the nano materials previously studied, nano silica particles not only provide nucleation
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sites for cement hydration, but also participates in the hydration process by reacting
with the Calcium Hydroxide (CH) produced during cement hydration, which is known
as the pozzolanic reaction [2, 6, 8]. Ordinary cement hydration produces CSH and CH
[9, 10]. CSH is the main strength carrying material in the cement paste, and CH is
considered to have a detrimental effect on strength characteristics of concrete [10].
Nano silica reacts with the CH and produces more CSH into the paste, thereby
increasing the overall strength characteristics of the cement paste [6, 8]. Thermo-
Gravimetric analysis (TGA) has been widely accepted as an accurate method for the
determination of crystalline CH content [11]. The methods of interpretation of
thermograms, however, have varied among researchers [11-13]. A weight loss vs
temperature curve for hardened cement paste between the temperatures of 105 and 1000
°C can generally be separated into: (a) an abrupt weight loss near 450 °C, associated
with the dehydration of CH; (b) another fairly sudden, but less distinct weight loss
between 700 and 800 °C, associated with decomposition of calcium carbonate (this may
not be present if care has been taken to prevent carbonation), and (c) a continuous
weight loss over the whole range from 105 to 1000 °C but most pronounced before 500
°C; this loss is due to the dehydration of CSH, calcium aluminate hydrates and other
minor hydrates. It should be noted that it is possible to isolate particular hydrates from
a rigorous interpretation of the thermogram, or by using special techniques [5, 14]. In
the present work, hydration properties of cement paste with different dosage of NS at
the early age, including hydration rate, CH content and quantification of CSH, have
been investigated by using TGA test. All these results aim to provide a comprehensive
explanation for the modification effects of NS on CsS.

2 Materials and experimental work

2.1 Materials

The materials used in this experimental work were Ordinary Portland Cement (OPC)
and nano silica particles (NS). The OPC used throughout this investigation was
obtained from MISR BENI-SUEF CEMENT COMPANY, it’s trade name CIM 1 52.5N
which conforming to BS EN 197-1/2011 [15] and Egyptian Standards Specification
ESS 4756-1/2013 [16] and had a 28-day mortar compressive strength of 57.5 MPa. The
initial and final setting times were 150 min and 230 min respectively. NS was supplied
by Housing & Building National Research Centre (HBRC), Cairo, Egypt. The
morphology and XRD analysis of NS are shown in Figures 1 and 2, which indicate the
amorphous nature of NS particles. The Dynamic Light Scattering test (DLS) was used
to detect the particle size distribution of NS as shown in Figure 3. From this figure it is
observed that the NS particle sizes ranged from 45 nm to 85 nm. The chemical
composition and physical properties of OPC and NS are presented in Table 1 and Table
2.
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Figure 1: Morphology of NS; (a) NS powder, (b) TEM image of NS.
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Figure 2: XRD analysis of NS.
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Figure 3: Particle size distribution of NS by DLS test.

Table 1: Chemical compositions of raw materials.

OXIDE % OPC NS
SiO2 20.8 98.98
Al20s 4.6 0.033
Fe20s 2.8 0.015
CaO 65.4 0.130
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MgO 1.9 <0.01
SOs 2.2 <0.01
Na20 0.31 0.180
K20 0.44 <0.01
TiO2 s 0.025

Cl - 0.270

Table 2: Physical properties of raw materials.

PROPERTY OPC NS
Specific Gravity 3.15 2.3

0.35 135.5

Average Particle Size ‘ 1-10 um 65 nm
Specific Surface Area (m?/g) ‘

Density - -
2.2 Experimental techniques

2.2.1 Preparation of cement paste

Cement paste was designed using ordinary Portland cement as a binder material. The
water to cement ratio (W/C) was kept constant at 0.28 by weight. The flow table
standard tests for all samples were between 105% to 115%. The NS particles was added
in amounts equaling 0.0% (control), 0.5%, 1.0%, 1.5% and 2.0% of cement weight. All
of cement paste specimens were cured using potable water.

2.2.2 Mixing procedure

To ensure good distribution and good mixing NS with cement paste, special mixing
procedure should be carried out, using the mechanical method. Laboratory drum mixer
was used, and the mixing procedures were performed according to the following steps:
firstly; nano particles solution was prepared through mixing NS thoroughly with a
mixing water using a high-speed stirring machine for 2 min. Then, the solution was
placed in sonication device (Figure 4) for 15 min at temperature of 60 °C to disperse
the nanomaterial in the solution. Finally, the previous solution was added to cement and
were mixed together for 3 min.
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Figure 4: Sonication for mixing nano particles.

2.2.3 Test Specimens Preparation

The TGA specimens used in this investigation are Cylinders with height of 100 mm
and a diameter of 200 mm. All specimens are cast using cement paste with w/c = 0.28
in a plastic molds. TGA procedure is conducted after 24 hours, fine powders were first
obtained by drilling a hole to a depth of 10 mm from the surface of the specimen using
electrically driven powder driller with high speed.

2.2.4 Curing conditions

The cement paste was casted in molds as required to scheduled tests. An electric
vibrator was used to ensure good compaction after pouring the mixes into oiled molds.
The specimens were then surface smoothed and covered with plastic sheet. All
specimens were demolded after 1 day of casting, thereafter; they were cured in standard
water tank. The cement paste samples were removed from curing tank at the specified
testing age and any deposits on the test faces were removed before testing.

3 Results and discussion

3.1  Thermogravimetric analysis

The degree of hydration was measured by TGA after 1-day according to ASTM C1131-
14 [17]. TGA allows determination of the amount of water bound in portlandite, and
the total amount of chemically bound water. TGA consists of the recording of the loss
of weight of a sample being progressively heated up to a constant weight. In the case
of cementitious hydrated materials, weight loss is due mainly to mineral decomposition
and evaporation of the total chemically bound water (considered from 105 °C to 925
°C). The test was conducted on 30 mg cement paste samples. These samples were
heated in an inert N2 atmosphere from 25 to 925 °C with a heating rate of 20 °C/min
by using THASS simultaneous analyser, model TGA 1000 to calculate all differential
thermal (DTG) curves, TGA curves, mass losses and temperature peaks by using
apparatus software. The amount of water bound in portlandite is determined by the step
between 425 °C and 550 °C measured from the loss of weight-temperature curves. The
slope and the intercept of the tangent at 550 °C are computed by linear regression, and
the water bound in portlandite is obtained by the difference of weight loss between 425
°C, read on the curve, and the ordinate of the tangent for 425 °C. The degree of
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hydration can be calculated from TGA curves using the following equation [11, 13, 17,
18]:
Wht)

M¢ X Wn(oo) Eq ( 1 )

he =

Where:

Wh is defined as mass loss recorded between 145 °C and 925 °C.

Wh ) IS the non-evaporable water corresponding to full hydration, this value was 0.23
M. for typical Portland cement, it’s the initial anhydrous cement mass of sample

in gram.

TGA results of cement pastes specimens with different dosages of NS after 1 day are
shown in Figure 5. Also, Figures 6,7,8,9 and 10 show the TGA and Differential Thermal
Analysis (DTG) curves of cement pastes specimens with different dosages of NS after

1 day.

Control == -+ NS0.5% == == NS 1.0% -eccec-e- NS 1.5% = = =NS2.0%

Weight loss

0 100 200 300 400 500 600 700 800 900 1000

Temperture (°C)

Figure 5: TGA curves of cement paste with different content of NS after 1 day.
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Figure 7: TGA analysis of the cement paste incorporating with 0.5% NS after 1 day.
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Figure 8: TGA analysis of the cement paste incorporating with 1.0% NS after 1 d
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Figure 9: TGA analysis of the cement paste incorporating with 1.5% NS after 1 day.
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Figure 10: TGA analysis of the cement paste incorporating with 2.0% NS after 1 day.

There are some notes and differences can be observed between the DTG curves of the
specimens. First, there is a peak above 90 °C - 120 °C. This peak is due to loss of free
water. Secondly, there is a remarkable difference between the curves at temperature of
400 to 500 °C. The differences indicate that there is a decrease in amount of portlandite
with the increase of the NS dosage. Adding of NS to cement paste seems to increase
the degree of hydration at 1 day comparing with the control specimen. In addition, there
is dissimilarity between 600 °C and 800 °C due to the decomposition of the CaCOa.
The test results clearly show that using different dosages of NS have a positive effect
on enhancing the hydration process compared with that of control mix. This will be
further explained later when calculating the degree of hydration of all samples.

TGA test results can be used to evaluate the hydration characteristics in terms of CH
content and degree of hydration. CH content can be used also to evaluate the pozzolanic
reactivity of used NS [19]. The CH content of the hydrated cement pastes specimens is
calculated as at time t:

74.09  mypo(t) — Mgyt

H = X
CH(®) 18.01 mg

Eq. (2)

Where:
Mazo(t) and msao(t) are the mass of the sample recorded at 420 °C and 540 °C
during the TGA test, and ms is the anhydrous mass of the sample. (74.09/18.01)
is the molar mass ratio between CH and H:O.

Due to the carbonation reaction, amount of CH can be transformed to CaCOz as given

in the following reaction:

Ca(OH), + CO, —» CaCO; + H,0 Eg. (3)
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The CaCOs content of the cement paste at time t, CO(t), is calculated as:

10009 m600(t)_ mSOO(t)
44,01 ° mg

Co(D) = Eq. (4)

Where:
Meoo(t) and masoo(t) are the mass of the sample recorded at 600 °C and 800 °C
during the TGA and (100.09/44.01) is the molar mass ration between CaCO3
and CO>. So, the amount of CH that transformed to CaCOs should be calculated
to determine the total content 0 CH (CHoeq1 (1)).

The CHadue to carbonation reaction (t) can be calculated as following:

CI_Idue to carbonation reaction(t) = 100.09 X CO(t) Eq- ( S )

Where:
The ratio (74.09/100.09) is the molar mass ratio between CH and CaCOs.

From Eq. 4 and Eq. 5

CHdue to carbonation reaction (t)

©100.09 © 44.01 m

CI_Idue to carbonation reaction (t)
_74.09 y M0 (1) — Mgoo(t) Eq.(7)
44.01 mg
The total CH content can be estimated by the summation of CH (t) (from Eg. 2 and
CHaue to carbonation reaction (t) from Eq. 7 as following:

CHTotal(t) = CH(t) + CHdue to carbonation reaction(t) Eq- ( 8 )

74.09 o Mggo(t) — Mg (t)
44.01 mg

CHrorar () = CH(Y) + Eq. (9)

The degree of hydration of cement (a) is determined by TGA test. It can be estimated
using the following equation [18]:
oy My (©
a(%) = M., M, (%) Eqg. (10)
Where:

Mo (t) is the non-evaporable water mass at time (t), is defined here as the mass
loss recorded between 145 °C and 925 °C minus the mass loss due to CO>
releases produced by the calcite decomposition between 600 and 800 °C.

Mc is the initial anhydrous cement mass of the sample (g).

My (o0) is the non-evaporable water mass (g/g of cement) at time ()
corresponding to full hydration of 1 g of cement which is estimated from
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the mineralogical composition of cement (Pane's formulae and Hansen's

[20] results): Mp(0) = 0.256 g.
Figure 11 shows the calculated CH contents for different cement pastes specimens after
1 day. Form this figure, all different specimens that modified with different dosages of
NS vyield lower CH contents compared with control specimens (i.e. the specimens
without NS). It is also observed that CH contents decrease with the increase of amount
of NS. For example, for cement pastes specimens modified with NS, the reduction in
CH contents that measured after 1 day is 3.1%, 11.1%, 19.5% and 24.4% for concrete
mixes modified with 0.5%, 1.0%, 1.5% and 2.0% of NS, respectively, compared with
that of control specimens (0.0% NS). This attributed to the pozzolanic reactivity of nano
materials, and as a result CH content in the paste is reduced. The results are in a good
agreement with what were obtained by Z. Wu et al. [21], M. Rupasinghe et al. [22] and
P. Hou et al. [23].

B8 Hydration degree —£=— CH content

- 20
30 A1

- 15
20 A1

- 10

CH content (%)
hydration degree (%)

0.0 ' 0.5 ' 1.0 ' 1.5 ' 2.0
NS content (%)

Figure 11: Effect of NS dosages on CH content and hydration degree of cement paste

after 1 day.

The hydration degree of different cement pastes after 1 day is computed. As shown in
Figure 11, with increasing amount of added NS, the cement hydration degree linearly
increases. As observed here, the cement hydration degree of the reference cement paste

after 1 day is about 8.40% and increases to about 15.30% when a 2% addition of NS is
included.
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4 Conclusion

1. The high surface area and active particulate nature is responsible for high
reactivity of nano materials.

2. The accelerated pozzolanic reaction between cement and NS results in

conversion of Ca(OH) to additional calcium silica hydrate material, filling the voids in
the concrete and interfacial transition zone thus effectively reducing the permeability
of concrete which in turn enhance many of the durability issues.

3. Thermal gravimetric analysis results indicated that the addition of NS leads to
a significant consumption of portlandite (CH) in the pozzolanic reaction. However,
increasing the dosage of NS from 1.5% to 2.0% does not significantly increase in the
consumption of CH.

4. The incorporation of NS results in changes in the content of hydration products
generated during the hydration process, etc. For example, silicate content decreases,
and hydrated calcium silicate gel increases, etc. The changes of these hydration
products content optimizes the microstructure of concrete and make the concrete more
compact. The changes of these surround layers lead to changes in macroscopical
performance.

5. The addition of NS accelerates the hydration rate at an early age (within 24 h of
hydration) and helps to promote the formation of high-density C-S-H.

6. The results clearly show that NS not only accelerates the hydration rate but also
improved the packing density of CSH particles.
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Abstract

The sustainability of construction projects in Libya is influenced by factors like the
lack of enough building resources, poor planning, implementation approaches, and high
construction costs. As every engineering sector advances each data, construction
industries and not exempted. With Primavera P6 Technology, the construction of
companies has been able to organize, plan, schedule, and manage the resources in a
better way. Increased construction activities in Libya have made it difficult to make a
proper plan and accomplish the project promptly. The data collectively, through a
combination of interview and survey, reveals that Primavera P6 Technology serves as
essential tool that aid in handling the issue of resources, planning, raw materials, and
sustainability issues affecting the

Keywords: Primavera, Construction projects, resources, raw material, and
Construction Company.

1 Introduction

Primavera P6 is an essential document used in project management. During the project
implementation process, the tool aids in the planning, executing, and managing of
activities related to construction and sustainability projects. Besides the construction
industry, the tool has been used for thirty years to support the IT and energy sectors.
The tool was previously used and bought out by oracle before being modified into a
document currently used. Since the development of Primavera P6, the tool has extended
its benefits beyond helping project managers, engineers, suppliers, constructors, and
manufacturers [1]. The tool is normally used to increase the efficiency of the planning
process and minimize the risk of schedule overturn. Ideally, the tool Primavera P6 is
used to identify the project's challenges early and initiate the intervention before it
causes delays.

1.1 Background

The construction industry in Libya has remained an essential contributor to socio-

economic development since 1950. Considering sustainable companies' impact on

100

—
| —



Fifth Conference on Engineering Sciences Determining the potential Benefits of Using
and Technology (CEST-2022) 20-22 Primavera P6 Technology in Sustainability and
December 2022/ Libya Construction Project in Libya

overall development, there has always been an overwhelming need to scale up the
volume of construction activities in Libya. Similarly, expanding the construction
industry also led to resource consumption, contributing to various challenges. For
instance, construction companies have been recognized as the major consumers of
water and cements. This implies that other sectors have been struggling to ensure the
sustainability of resources. Over the last ten decades, the construction industry
contributes 5.2 percent of the Gross Domestic Product in Libya. The industry also
employs 3.2 percent of the workforce [2]. Despite the significant contribution of the
construction industry in Libya, little research and development focus is put into
determining the benefits of Primavera P6. The below shows illustration about

Primavera P 6 technology|2].

_ ORACLE
Primavera Software

| IS
Wl & o

The picture above demonstrate how Primavera P 6 software technology looks like, how
the technology works and the benefits it has when used by the construction industries.
The first picture also indicates the trends of positive changes upon the adoption of
Primavera P 6 technology. The construction industry has faced challenges due to faster
growth trends and reliance on foreign experts to design projects and deliver resources
to facilitate the process. Libya's construction industry has failed to meet the housing
and supply needs of the country. However, with the introduction of Primavera P 6
technology, the construction industry has been experiencing improvement in service
delivery [6]. The technology's exact benefits on the construction industry's progress
have not been fully examined. The need to construct hotels and resorts to expand
tourism has also opened opportunities to explore the construction industry. However,
the building of tourism structures has faced blockage by policies for many years.
Similarly, the construction industries previously suffered due to a lack of financial,
managerial, and technical capabilities to handle the current needs of construction
industries. The construction industry also encounters high demand for technological,
social, political, and economic changes to deliver high-quality services [6]. The
introduction of Primavera P 6 technology has aided in the elimination of strains
affecting the industry. Understanding the benefits of the technology will therefore aid
in formulating new policies and changes that will positively influence the building
industry. The effective implementation of construction projects has been witnessed
since the development of the cement and concrete industry in 1950. The sustainability
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of construction projects normally relies on products like bricks, cements, and concrete,
among other materials. Due to increased construction activities, cement consumption
rose from 60,000 tons to 5.8 million tons between 1958 and 2003 [6]. However, there
is little research on how management tools like Primavera P 6 technology contributed
to the expansion of the construction industry, which led to increased cement
consumption.

1.2 Research Problems

Libya anticipates a boom in the construction industry. The industry expects to construct
over 500, 000 housing units for Libya's increased population, which will cost about 25
billion dollars. However, the contribution of a program like Primavera P6 Technology
to the effectiveness of future housing projects has not been fully examined. The
research indicates that over 70 percent of Libya's construction companies face
challenges due to a lack of sufficient materials in the market to facilitate the process.
This implies that the plan to increase the number of housing facilities in the future will
be paralyzed if the material shortage is not addressed using the right approaches [2].
Similarly, 68 percent of the consultancy firms dealing with construction activities cite
issues with raw material availability. However, limited research has been conducted to
find how the Primavera P6 Technology may contribute to solving raw materials supply
for easy implementation of construction projects. With increased economic hardship in
different parts of the world, Libya is not excepted as the issue goes further to affect the
construction industries. Ideally, a high construction company investment rate was found
to impose a burden on the Libyan economy [4]. This is because the country has to spend
significant resources to build the technology that will support the process. However,
there is little research regarding investment in technology like Primavera P6 and its
known contribution to the industry. Despite the increased effort by the government to
make a friendly environment for the operation of all industries, some companies fail to
perform to the desired level due to increased raw materials prices. For instance, the
construction industries normally fail to meet their set goals due to the high steel,
cement, and labour costs. Additionally, foreign workers dominate the construction
industry, making sustainability difficult to achieve. Though the company seems to aim
at achieving the highest level of performance, its expectation is higher than the material
possibility. Therefore, examining the contribution of Primavera P6 technology will help
revive hope for achieving the objectives of the construction industry.

The Libyan construction industries have been facing issues due to the size of the
country. Libya measures approximately 1 759 540 km2, making it extremely large for
construction materials to be delivered from cities to different construction sites (Lokesh
& Mahendra, 2018). Since the materials have to be transported for longer distances,
coupled with complex communication systems, it has contributed to a rise in the
construction cost. For instance, Libyan cities with Muslim communities divided
themselves by about 100 miles on the cost of construction materials and more than the
distance [4]. Concerning the cost incurred by the transport industries, the research
indicates that over 95 percent of the construction companies in Libya cannot deliver
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services to customers due to higher transport costs. The construction activities are
therefore considered less sustainable. Despite the increased cost of construction
services, little research has been conducted to examine how technologies like Primavera
P6 can help address transport cost issues to make construction sectors sustainable. For
instance, the cost of transporting materials in Libya has increased by 10 to 50 percent,
making construction activities difficult. The research will help examine the contribution
of Primavera P6 technology towards realizing better transport costs. Water is
considered one of the essential resources required for construction activities to be
successful. However, Libya's construction industry is known to be largely affected by
water scarcity. Ideally, water is an important factor in the processing of raw materials
used for construction. Therefore, a shortage of water will lead to a situation where
inadequate raw materials are availed for use by construction companies. Water is also
used in assembling and manufacturing, and washing construction equipment. The
personnel working in the construction points also use water for personal reasons. This
makes water an essential construction resource in Libya. Without solving the water
scarcity issues, Libya will find it difficult to meet the construction requirements in the
future. The research will therefore help examine how Primavera P6 technology can
make construction industries thrive despite water scarcity issues. The Problem of water
shortage also goes further, affecting a larger population. The research shows that over
4 million people are suffering from a lack of enough water. The number incorporates
over 1.5 million children directly affected by water shortage. Therefore, people seeking
to run construction projects will have to incur extra costs in securing water,
undermining their capacity to fulfil their desires. Despite the extended issues associated
with water shortage, little research has been conducted to find out how Primavera P6
technology can help revive the construction industries which are sinking due to water
shortage. The graph below shows the trend in water consumption in Libya.
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From the graph above, water consumption has been on the increase since 1995. The
graph also shows that water usage will increase further by the year 2025. This implies
that the construction industry will suffer due to lack of enough water as one of the
resources used in building and construction sectors.

Over the past years, construction industries in Libya have been suffering due to political
and economic issues. The national economy and political instability undermine the
availability and affordability of building materials, thereby affecting the industry's
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progress. For instance, the political instability that led to the removal of the long-term
ruler Muammar Gaddafi in the year 2011 affected the ability of the projects to run
smoothly. This is because; the absence of peace in some parts of Libya due to the death
of Gaddafi interfered with the transportation of raw materials for use by the industries,
leading to slow growth of the construction sector. Considering the economic situation,
Libya relies majorly on the oil business. For example, Petroleum contributes to over 95
percent of the total exports, generating revenue of about 40 billion dollars annually. The
oil business, therefore, contributes 60 percent of the total GDP. However, individuals
not in the oil business are likely to suffer due to financial challenges.

Most consultancy firms working with the construction industries are also experiencing
the effects of raw materials shortage. The breakdown in the availability of raw materials
is that some are not made within the country; hence, the contractors must ship them
from abroad. For example, the electrical fittings are usually sourced from other
countries; hence delays are experienced before the materials are received [7]. Ideally,
Libya tends to receive such electrical materials from Saudi Arabia and USA. The
shipment of the electronics and electrical materials used in construction may be too
expensive or involve a complex process. For instance, Saudi Arabia and Libya paid
about 4.39 million dollars for importing electronic products to facilitate construction
activities. Additionally, 24.49 million dollars was paid by Libya to ship the products
from the US. Since the shipment cost is significantly higher, some construction
companies tend to utilize cheaper and local resources, increasing low-quality structures.
On the other hand, some companies who manage to source high-quality building
materials from abroad have been found to charge the customers highly, reducing their
urge for construction. Despite the continued effects of shipping construction resources,
little research has been conducted to discover the role of new technologies in solving
issues associated with imported materials [10]. The research will, therefore, seek to
examine whether Primavera P6 technology has contributed to solving the construction
issues emanating from materials being imported from other countries.

1.3 Research Objectives

The research utilizes the objectives include the following;

To determine the potential Contribution of Primavera P6 Technology in Sustainability
and Construction projects in Libya

To find out how the Primavera P6 Technology may contribute to solving raw materials
supply

To determine the contribution of Primavera P6 technology in reviving hope for the
achievement of the objectives of the construction industry and handling the issues

To determine the role of Primavera P6 Technology in solving raw material
unavailability and issues of transport costs

2 Materials and Methods
A research method incorporates the structural approaches used in collecting and
analyzing the data. The data collection and analysis can be done using a combination
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of approaches. Ideally, the data collection approach should provide sound and
comprehensive information presented as both quantitative and qualitative data (Mahure
& Ranit, 2018). Quantitative data are generated through questionnaire analysis, while
quantitative data is generated through interviews. The methodology of this research
utilized the following places.

2.1 Issue Identification

The issues and the aspects were identified surrounding the construction industry
including building materials and the contribution of Primavera P6 Technology. The
identification and analysis of the issues were used through the review of different
publications and literatures. The step was meant to examine the existing information
and view of current researchers in the construction industry.

2.2 Place of Study

The study was based on Libya and its environment. It was done majorly for learning
purposes and to advance knowledge. The construction industry dominates most parts
of the region. Therefore, the place provided the best opportunity to examine the
contribution of Primavera P6 Technology in construction.

2.3 Actual Data Collection Exercise

During the data collection exercise, the aim was to ask a similar question repeatedly to
different people examining the answers provided by the participants. For an effective
data collection process, 42 questionnaires were distributed and answered by the
consultancy firms. Fifty-eight construction companies were also provided with a
questionnaire. Each party was given 30 minutes to fill out the questions before the
papers were collected for analysis. Ideally, the issuance of a questionnaire was done by
the trained research assistant to ensure that the right information was gathered.
Additionally, significant time was spent with a team of engineers and people working
in the ministry of resources, trade, and transportation departments. The informal
interview was also done to help gather a significant amount of data. Other than the
interview, data were collected through direct observation of the activities taking place
within the construction sectors in Libya and the influence of Primavera P6 Technology.
Ideally, the data was collected through the visual and physical survey as well as the
analysis of the publications related to constructions and contribution of Primavera P6
Technology. The researcher also gathered visual results for sound survey results like
photographs of construction activities and audio records of discussions by different
participants. The below shows some photographs taken during the research process;
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The above pictures were taken in some of the construction sites which formed part of
catchment area for the research. The pictures demonstrate the nature of materials used
for construction and the extent to which to which the build environment is much
advanced in Libya. As evident in the picture, the structures are made of blocks, cement
and metals which are important construction materials.

The participants were identified through random sampling and snowballing to ensure
the right sample size was obtained. During the participant selection process, the 12
construction companies were randomly selected from different parties in the country.
After random selection of the companies, the snowball approach was used in identifying
and engaging civil and structural engineers who were attached to the companies. In the
snowball sampling method, a few participants were identified, after which they were
asked to guide how to identify more targeted participants. Other than civil and structural
engineers, other experts and stakeholders that influence the construction industry were
identified through the snowballing process. The snowballing process made it possible
to focus only on individuals interested in participating in research while eliminating
non-experts [5]. To successfully test the validity and reliability of the questionnaire, the
pre-testing was first done to check how participants responded to the questions before
the data collection exercise, including the time taken to complete the process. After the
pre-test exercise, changes were made to the arrangement and structure of the questions
before the actual data collection exercise.

3 Theories and Calculation

The research was grounded on the theory of sustainable development. The theory
asserts that there must be economic, social and ecological aspects to achieve the
development agenda, including the construction projects [5]. The sustainable
development theory aims to consider how economic development, like the use of
Primavera P6 Technology, can impact the construction project. The research went
further into examining whether technology influences the project's sustainability by
determining the flow of raw materials and the availability of resources needed in the
building industry.

3.1 Mathematical Expression and Symbol

Schedule variance (SV) decides if a project is on time or behind schedule. It is
computed by deducting the projected value from the earned value.

Schedule variance = Earned value (EV) -Planned value (PV)

The Schedule Variance (SV) may be represented as a percentage by dividing it by the
projected value (PV): SV% =SV / PV

Schedule performance index (SPI) denotes how well the project team uses their time.
Schedule performance index = Earned value / Planned value

Time estimate at completion {EAC(t)}

We can give you an informed approximation when the job will be completed.
Estimate at complete {EAC(t)} = (BAC/SPI)/ (BAC/months)

BAC = Budget at completion

Cost analysis and forecasting
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Cost variance (CV) - We can give you an informed approximation of when the job will
be completed.

Cost variance (CV) = Earned value (EV) - Actual cost (AC)

This statistic may be represented as a percentage by calculating the cost variance (CV)
by the earned value (EV).

CV%=CV/EV

Cost performance index (CPI)

It is one of the most obvious measures of the project's overall cost-effectiveness.

Cost performance index (CPI) = Earned value (EV) / Actual cost (AC).

4 Theories and Calculation
4.1 Results

Based on the interview and analysis of the questionnaire, most of the construction
industries engaged in the research were already aware. They used Primavera P6
Technology to facilitate their activities. 86% of the contractors had used the technology
and could narrate the benefits. In contrast, only 14 % of the contractors engaged during
the research exercise were unaware of the Primavera P6 Technology and its roles in
addressing the construction industry's challenges [5]. Additionally, 76% of the
consultancy firms recognized the importance of Primavera P6 Technology in handling
the modern issues affecting the construction industry. However, 26 percent of the
consultancy firms had no idea about the Primavera P6 Technology and how it may
impact construction activities. The findings also indicate that Primavera P6 Technology
influences raw material supply. From the interview, 83% of the participants stated that
they could easily source building materials after incorporating Primavera P6
Technology in their program. Meanwhile, 17% of the contractors were still
experiencing issues with supply despite using the new management approach. The table
below shows changes in building materials supply before and after the adoption of
Primavera P6 Technology.

TABLE 1: CHANGE IN BUILDING MATERIALS SOURCES WITH THE USE OF PRIMAVERA P6

TECHNOLOGY

Sources Cement Rein steel Blocks Finishing Material

State Factories 474 | 6520 | 49.1% | 702% | 15.8% | 216 | 22.8 | 161%
% % %

Private Factories - - - 346% | 13.7% | 803 | 19.3 | 36.2%
0/0 %

Shops 78.9 | 9520 | 70.2% | g6.3% | 15.8% | 348 | 80.7 | 93.6%
% % %

Importation 43.8 | 673% | 10.5% | 2379% | 16.3% | 261 | 35.1 | s8.9%
% % %
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From the table above, the building materials like rein steel, cement, finishing materials,
and blocks experienced an increase in supply from the source following the adoption
of Primavera P6 Technology. For instance, the table indicates that after the consultants
and contractors had started using the Primavera P6 Technology, the percentage of
cement received from state factors increased from 47.4% to 65.2%. The analysis
indicates that 79.5% of the contractors and 87.3% of the consultants achieved the work
objectives revived. Both constructors and consultants had improvement in their work
toward meeting the construction objectives after embracing the use of Primavera P6
Technology in every activity. Additionally, 91.2% of the contractors and 84.2% of the
consultants were able to use Primavera P6 Technology in solving raw material
unavailability and issues of transport costs [5]. Both consultants and contractors go
through a breakthrough with the raw materials access. Also, 81.3% of the consultant
and 85.4% of the contractors engaged had their construction sustainable after
embracing the technology.

4.2  Discussions

The findings indicate that most of the contractors and consultants who used technology
reaped several benefits compared to when the old construction approaches were in
place. During the interview process, the participants could assert that Primavera P6
Technology creates an avenue for smooth project management by allowing the
engineers to design a strategy that enables them to control delays in the delivery of
construction materials, transportation, and importation [3]. The Primavera P6
Technology was therefore appropriate in ensuring that the projects are accomplished
on a timely basis which is in line with findings by [4]. The contractors also confirmed
that the technology is useful in their planning events, enabling them to accomplish the
entire construction requirement within the stipulated schedule, time, and budget.
Contractors and consultants, therefore, regard Primavera P6 Technology as maintaining
trust with customers through delivering their construction services at a pace that is
favourable to the clients at a friendly cost. Ideally, the participants believed that the lack
of Primavera P6 Technology in their planning and project implementation was more
effective. During the interview process, participants reiterated that before the adoption
of the technology; they were experiencing challenges like the inability to manage time
effectively, complete the project on the right budget, and maintain a steady supply of
the construction materials, as also evident in an article by [5] and [2]. The absence of
Primavera P6 Technology in the construction process contributes to a situation where
resources are not properly managed, an unstructured way of handling the contracts,
improper project scheduling, weak project management strategies, and a sound
scheduling process. The absence of such an important ingredient during the
construction exercise undermines the ability to deliver customers the best and most
desirable services. The research also recognizes the Primavera P6 Technology as an
important tool for managing resources like water and other building materials like
cement, steel, and electrical appliances. The finding is in line with the publication by
[9], which reveals that limited building resources can be effectively managed if the
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technology is used. This is because the use of Primavera P6 Technology by all
construction companies creates the ground where the building materials and other
resources are effectively utilized. The demand for building materials is balanced with
the supply rate, as supported by [4] & [2]. Ideally, participants confirmed that the tools
assist them in identifying the right construction project to venture in at a particular time
thereby making it difficult to suffer raw material shortages.

Most participants supported that using Primavera P6 Technology is an important
requirement in meeting the objectives of construction projects. The participants
confirmed that the tool enhances the quality construction schedule. Ideally, the proper
use of Primavera P6 Technology enhances keenness when setting the activity 1D and
taskbars to ensure that projects end at set dates, similar to the results of [3]. The tool
normally enables efficient understanding of schedules, promoting efficient
development of construction projects.

5 Conclusions

In a nutshell, the result was seeking to examine the contribution of Primavera P6
Technology to the construction industry. A close examination of the construction sector
with respect to associated issues reveals that the use of technology aid in addressing
problems that undermine the company's progress, thereby leading to success. Ideally,
Primavera P6 Technology is an essential requirement for effective planning,
monitoring, and controlling of the project, influencing success. The objectives of this
research have been met through reviewing relevant publications and collecting and
analysing data from specific participants. The results provide sound evidence of how
future construction projects should be managed to the point of success.
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Abstract

The need to find new sources of building materials led to examine the using of waste
materials resulted from the production plants. This paper investigates using of waste
crushed glass as part of cement at 5, 15 and 25% of cement weight. Well graded sand
from Zliten quarry was used in the production of concrete. Concrete mixes were
produced using w/c ratios 0.4, 0.425 and 0.45. Workability of fresh self-compacting
concrete (SCC) and compressive strength at 28 days were tested. Test results showed
that fresh concrete was within the range of self-compaction needs, and concrete strength
was also satisfied at 28 days. From analysis of test results, it was obviously noticed that
replacing part of cement by powder of crushed glass gave good self-compacting
concrete at percentages as large as 25% with enough workability and good strength.
And this proves that waste glass from plants can be used in the production of self-
compacting concrete. As a result this will protect the environment from gas emission
from cement plants and provides a new sources building material.

Keywords: waste glass, self-compacting concrete, workability, compressive strength.

1 Introduction

In recent years, environment pollution has become an important issue because of the
large quantities of waste materials produced from the manufacture, house waste from
food also added waste materials to the environment, these materials like glass, plastic,
paper, building materials, car tyres, etc. On the other hand, recycling these wastes has
also become a new trend to make an advantage in both minimizing the effect of
pollution on the environment, and saves the depletion of raw materials needed for the
development. Structural engineers have been engaged in protecting the environment by
employing some of these waste materials partially in concrete production. And that is
another advantage to the environment in which, some cement in concrete has been
replaced partially by waste materials like, marble powder, clay brick powder, glass
powder, slag powder, etc. To clarify the problem, in Libya, the design production
capacity of Libyan cement factories was 7.5 million tons annually according to Alborg
cement factory in 2005 [1], and to produce this quantity a large volume of emission
gases will be produced and can effect adversely on the environment and needs a high
quantity of heat for the production. Recently, self-compacting concrete (SCC) has
become an important material because of its high workability which allows it to
penetrate the structural element under its own weight even those elements with high
reinforcement. SCC is produced by employment super plasticizers in concrete, where
sometimes called flowing concrete [2]. The wide use of SCC in construction leading to
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produce high quantity of cement which effects on the environment. A replacement part
of cement by other materials is beneficial, as it helps in reducing the hazard waste
material and reducing gas emission from cement production as reported by Du H. and
Tan K [3]. Ganaw and Salama were employed waste glass in concrete as sand and
powder, partially alternative to sand and powder as a filler respectively, they reported
that both cases of replacement were resulted in good concrete mechanical properties
[4].

Fareed was swapped parts of cement up to 15 % by fine material from waste powder
of crushed aggregate and reported that good setting times were obtained and required
concrete strength was achieved [5]. Khatib and others were replaced some of cement
by glass powder and described that concrete slump increases by glass powder increase
with high strength at 10% replacement [6]. Waste glass was also employed as fine
aggregate in mortar production and resulted in worthy concrete strength with
percentage up to 30% of fine aggregate [7]. Karim and Salama replaced cement by
micro glass powder up to 20%, and concluded that mortar workability increased with
slight decrease in strength. Although, their research was on mortar they suggested that
their achievement on mortar can be applied to produce self-compacting concrete [8].
Mssoed and Ganaw were used glass powder of waste glass collected from local
workshops, replaced some of cement by this powder up to 15 % and produced self-
compacting concrete, the result was beneficial in both fresh and hardened at 28 days
[9]. Bouty and Homsi were tested fresh and hard SCC at 28 days, in their mixes they
replaced cement with glass powder at 10,15, 20 and 25% and measured concrete
strength at 28 days. The design mixes were 25 MPa and 32MPa, they concluded that,
the 10% replacement mix was higher strength for the 25MPa than others and the 15%
replacement mix was the best one for the 32MPa mixes [10].

Consequently, from the presented work done it is obviously that the use of waste glass
can be added to concrete to improve its properties and minimizing the quantities of
waste materials on the environment. The aim and objective of this paper was to study
the effect of glass powder on the properties of self-compacting concrete. In terms of
collecting waste glass and grinding it to the micro scale, after that producing concrete
of different mixes with variable cement replacement percentages, and testing the
possibility to get concrete with self-compaction and satisfied fresh and hardened
properties. The target result of this work will help to protect the environment from gas
emission, find new source of building materials and protect our land from increasing of
harmful waste landfill.

2 Materials

Ordinary Portland cement from Elmergib factory- Alkhums was used in concrete
production with Blain fineness of 2977 cm2/gm. and its initial and final setting times
are satisfying to BS EN 196 — 3: 1995 [11]. Used water in the mix was taken from
Alkhums school of engineering network. It is suitable for the production of concrete.
Fine aggregate used was imported from Zliten quarries. It is clean with satisfied
gradation to the requirements of British standard BS 812:1992 [12]. All used glass in
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the research was collected from local glass windows workshop. Waste glass was
collected and crushed by los angles drum machine, then sieved to pass 75 micron. After
that all sample were collected and mixed again with the mixer until became consistent.
The material then reserved sealed in a dry container until the time of mixing. Coarse
aggregate was imported from a quarry in Alkhums area with max aggregate size of 14
mm, this size is suitable for SCC production. Specific gravity and absorption of
aggregates were 2.65 and 0.019 respectively. Superplastisize (EG-3500) manufactured
by SIKA especially for SCC was used at 1.5% for all mixes.

3 Methodology

Concrete mix was first produced at wi/c ratios of 0.40, 0.425 and 0.45 without any
addition of cement replacement by glass powder, then cement was replaced by glass
powder of 5%, 15% and 25% by weight at the same w/c ratios and constant quantity
of sand and coarse aggregate and 2% superplasticizer (SP) . Fresh concrete was mixed
by the mixer and its workability was measured by the slump flow test and J-ring test
according to the EFNARC 2002 [13]. Fresh concrete then casted in cubic moulds of
15mm. Therefore, after 24 hours concrete samples then removed from their forms and
put in water for 28 days for compressive strength measurement.

4. Results and discussion

4.1 SCC workability

4.1.1 Flow test results

Figure 1 shows the relation between fresh SCC seepage and w/c ratio at different glass
powder contents. It is clear that concrete seepage decreases with the decrease of powder
content for the same water content. Mixes without glass powder and w/c ratio of 0.40
resulted in the lowest value of diameter of 660 mm and this satisfies the requirements
of self-compacting concrete limits of EFNARC 2002 with (650 mm to 800mm)
diameter.
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Figure 1 Concrete flow at different w/c ratios
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4.1.2 J-ring test results

Figure 2 shows the relation between fresh J-ring readings and wi/c ratio at different glass
powder contents. It is clear that J- ring reading decreases with the increase of w/c ratio.
The highest one was resulted in the mixes of no glass replacement where mixes of 5%
percentage gave the lowest measurements at all w/c ratios in the mix. From the
workability tests, it is clear that glass powder replacement helps in improvement of
concrete flow and this gives an advantage to the self-compacting concrete.
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Figure 2 Concrete seepage at different w/c ratios

4.2 Compressive strength of hardened concrete

Figure 3 shows the relation between hardened concrete compressive strength and w/c
ratio at 28 days for different glass powder contents. SCC compressive strength
decreases with the increase in w/c ratio for all mixes. Although the graphs show that as
the powder content increases the strength decreases for all w/c ratios. It is well observed
that compressive strength decreases with the increase in powder content. Although of
the decrease in strength obtained by increasing powder content, good strength higher
than 30MPa still available even at powder replacement of 25%. This result agrees with
that of Bouty and Homs for the mixes with replacement of 15% which designed for
32MPa.
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Figure 3 Compressive strength vs w/c ratio at 28 day

5 Conclusions
The concluding remarks from the investigation can be summarized as follows;

1. SCC with good workability can be achieved by the use of super plasticizer and
waste glass powder in concrete production as part of cement.
2. It is very valuable to get high replacement of cement by glass powder up to

25% of and get concrete strength at 28 days higher than 30MPa. This can demonstrate
that employment of waste glass powder in concrete is advantageous, and this will
minimize the cost of concrete production as well as resulting in low gas emission during
the cement production.
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Abstract:
The increasing demand for marble, which is used in floors, walls, and interior
decoration works, and the resulting solid waste during its preparation for final use,
which is disposed of by throwing it beside roads or in agricultural lands and rainwater
streams. It also results in liquid waste, which in turn is discharged to agricultural lands
or drainage networks. Therefore, recycling to take advantage of this waste is one of the
most important activities currently available to reduce these effects. This study aims to
produce concrete that contributes to reducing waste that negatively affects the
environment by adding waste from marble factories in the form of powder to concrete
and studying by replacing it with a part of fine aggregate with 5%, 10%, 20% and 30%
its impact on the properties of concrete. The results showed that the addition of natural
marble to the concrete mixture by 5% recorded an increase in the compressive strength
% over the reference mixture without 7of the concrete at the age of 28 days by
% was recorded in the compressive strength at the age Sadditions, and an increase of
of 28 days after exposing the samples to a temperature of 100 degrees Celsius for a
period of 24 hours for the mixture that contains 10% of natural marble compared to the
reference mixture.
Key words: Concrete, Natural Marble, Waste, Marble factories.
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Abstract

The present study aims to find the influence of the Polystyrene Foam (PSF) and the
High-Density Polyethylene (HDPE) on obtaining lightweight concrete. Three types of
mixtures containing cement and sand were prepared. The sand was partially replaced
by PSF in one mixture, while it was replaced by HDPE in the other, in proportions (5%,
7%, 10%, 15%) for both. Certain characteristics such as density, and compressive
strength, were analysed from experiment results. In addition, the influence of PSF and
HDPE as replacements of fine aggregate was analysed and compared with the reference
mix of concrete. The results highlighted the concrete density decreased significantly
with the increase of PSF replacement and moderately when the HDPT replacement ratio
in the mixture increased. In the same way, the compressive strength decreased
significantly when adding PSF and moderately when adding HDPE compared to the
control reference mixture. A comparison was made between the two types of mixtures
and the results showed that HDPE concrete is much higher than PSF concrete in terms
of density and compressive strength.

Keywords: PSF concrete, HDPE concrete, Lightweight concrete, Compressive
strength, Density of concrete.

Introduction

Conventional concrete as a structural material is a relatively heavy material, with a
density ranging from 2200 to 2500 kg/m?, and the ratio of the self-weight of the parts
of the building compared to the effective loads is a high percentage in all cases.
Therefore, it was considered to produce lightweight concrete, weighing less than 2000
kg/m®. It has been possible to manufacture structural concrete weighing 1400 to 1900
kg/m*® which may be accompanied by a slight increase in cost, in addition to the
production of masonry cement blocks with a density of 900 kg/m?, which are efficiently
used as interior walls. Lightweight concrete can be defined as concrete that includes an
expansion agent that increases the volume of the mixture in exchange for reducing the
dead weight. The term lightweight concrete is described as a broad group of special
aggregate bases. In general, is those that weigh less than 2000 kg/m3. The purpose of
product the light concrete is to reduce the weight of the structure and for thermal and
sound insulation purposes.

During the twentieth century, there was a significant development in the techniques of
production and application of concrete. One of the most important of these
developments is the additives in concrete or mortar. It was thought to reduce the
reliance on aggregates and to find a better way to improve the physical and mechanical
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properties of concrete. An alternative material is to add polymers such as (Polystyrene
- HDPE, LDPE...etc.) to produce lightweight concrete. Using the polymer in concrete
cannot be considered something new, in fact, it was previously used naturally decades
ago. Polymer products are commonly used in most fields due to ease of design,
manufacture, and cheaper cost [1]. Polystyrene foam (PSF) is one of the polymer
products and use it in concrete can be considered as air trapped, but it has a tensile
strength that can be controlled [2]. Another polymer candidate that can be used as an
additive to concrete is high-density polyethylene (HDPE). However, one of the
disadvantages of its properties is the low bond strength between HDPE and concrete.
This work is a comparative study of the use of the two types of polymer mentioned
because of the difference in density between these materials, as well as their role in the
influence the weight of concrete while maintaining good properties. There are several
differences between PSF and HDPE such as material structure, matrix structure
including voids volume and density. The PSF may generate free volumes whiten the
concrete mixture while HDPE might not provide this phenomenal. In addition, the free
volume of PSF may contribute in the adhesion of plastic partials and the concrete
mixture resulted from partial penetration of cement paste to the PSF free volume. The
importance of this work lies in determining the applications for which these types of
concrete can be used.

1. Polystyrene and Polyethylene Concrete

Two types of polymers have been added namely polystyrene foam (PSF) one of the
most popular thermoplastic polymers, and high density polyethylene (HDPE) which is
a kind of high-density plastic that is affected by high temperatures. There is big
difference in density between them. An increase in the dosage of polystyrene in
concrete will often be followed by a decrease in its mechanical properties. Some
experiments have shown that heat treatment of polystyrene improves the properties of
concrete that relate to workability, density, thermal conductivity, and shrinkage [3].
Granule coating was used as a different type of polystyrene curing to produce concrete
with polystyrene as replaced of aggregate [4, 5]. The researchers found the creep of
concrete is higher than that of ordinary concrete. The studies work on the polystyrene
concrete [6, 7, 8] highlighted various advantages of using this kind of polymer in
concrete such as; good insulation of electrical and thermal, high durability and
longevity, good resistance to chemicals, water and impact, light weight, relatively
economical in production cost. HDPE has stronger material properties and is harder
than PSF. HDPE is higher rigidity and less flexibility as well as more resistance to high
temperatures [9]. An important property of HDPE is that the slump (workability)
decreases when HDPE is increased while keeping the w/c ratio constant [10]. The
compressive strength of HDPE as a filler material in concrete is increased when HDPE
is added from 0% to 0.5% and then drops with the increase of HDPE from 0.5% to 2%
[11]. Water absorption, porosity and permeability of HDPE concrete as fine or coarse
aggregate is increased with the increase of HDPE [12]. The flexural and splitting tensile
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strength of HDPE fibre reinforced concrete is increased HDPE with an increase of
HDPE comparing with plain concrete in all inclusion levels of HDPE [13].

2. Materials Used

In this study, Ordinary Portland Cement 42.5N manufactured by the Arab Union
Company was used with a specific gravity of 3.15. Fine natural aggregates were used
from quarries in Zliten region with specific gravity of 2.587 and fineness modulus of
1.38. The results of the sieves analysis was matched the limits of the British Standard
[BS 882-1992] [14]. In addition, the two types of polymer PSF and HDPE as a partially
replacement of the sand. Figure 1 shows the shapes of the PS and HDPE used as
additives.

e

s Polystyreng &8

*
¢ J | 4
4

LN e " -
Figure 1: Shapes of PS and HDPE used in the concrete
3. Research Design

This investigation was carried out in two stages. In the first stage, polystyrene was
added as a percentage of sand weight in proportions of 5, 7, 10 and 15% to the reference
mixture, which does not contain additives. In the second stage, granules of high density
polyethylene (HDPE) were added as a percentage of the sand weight in the same
proportions of PSF as previously mentioned. The reason for choosing weight as a
proportion of replacement rather than volume is to obtain as light a weight concrete as
possible. Imposing these ratios is an attempt to find values that preserve the physical
and mechanical properties of concrete while reducing its weight. Physical and
mechanical tests on the natural sand including specific weight and adsorption were
preliminary conducted. Ordinary concrete mix was designed as a reference mix (CO0).
Four other mixtures were designed with sand replacement of 5%, 7%, 10% and 15% of
PSF indicated by CPS5, CPS7, CPS10 and CPS15, respectively. Four other mixtures
with HDPE were also designed with the same PS substitution indicated by CHP5,
CHP7, CHP10 and CPH15, respectively. Twenty-seven concrete samples were made
in the form of concrete cubes with a size of 100 mm. The water/cement ratio was 0.5
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which is constant for all mixes. The cement/sand ratio was also constant and is 1/3 for
all mixes. Table 1 shows the material weights for the nine mixtures. The materials were
mixed and cast immediately in the cubes then left twenty-four hours in lab condition
(x22C0). After 24 hours, the samples were demolded and submerged in water for 28
days in lab temperature. Samples were extracted from the water after the immersion
period and weighed to find the density of the concrete samples. Then pressure tests of
the concrete were carried out and the results were analyzed. All samples underwent the
same procedure.
Table 1: The weights of used materials (Kg/m?)

_ Materials amount (kg/m®)
Mix Remark
Cement | Sand | Water | PSF | HDPE
1 300 900 150 0 0 Reference mix
2 285 855 1425 | 42.75 0
3 279 837 139.5 | 58.59 0 _
PS Concrete mixes
4 270 810 135 81 0
5 255 765 127.5 | 114.75 0
6 285 855 142.5 0 42.75
7 279 837 139.5 0 58.59 HDPE Concrete
8 270 | 810 | 135 0 81 mixes
9 255 765 127.5 0 114.75
Water to cement ratio and cement to sand ratio are constant (W/C = 0.5, C/S =
1/3)
4. Results and Discussion

1. 5.1 Bulk Density of Mixes

The bulk density of samples is calculated by dividing the weight of the sample at 28
days of age by the volume of the concrete cube. The dried samples were weighed using
a precision scale (x1 g). From the results of the concrete density, a significant decrease
in the density of concrete was found with the increase of PSF in the concrete mixture
as shown in Figure 2. The decrease in density was 68.2%, 72.7%, 72.1%, 74.5% for
samples containing 5%, 7%, 10%, and 15%, respectively. The density of samples
replaced with HDPE also decreased but to a lesser degree, with the decreases being
7.9%, 8.3%, 9.9% and 10.6% for 5%, 7%, 10% and 15% replacement ratios,
respectively. Figure 3 shows the results of the density of HDPE concrete. Through the
results of both PSF and HDPE, it is clear that there is a vast difference between the use
of the two types of polymer. Both types of concrete can be considered lightweight, but
the use of any of them as a structural element depends on the kind of loads to which
this element is exposed.
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Figure 2: Density of different mixes of PSF concrete
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Figure 3: Density of different mixes of HDPE concrete

2. 5.2 Compressive Strength

The compressive strength of concrete is the most effective property of hardened
concrete which is an important index of the strength, durability, and performance of
concrete. Three cube samples of each mix were subjected to a compressive strength test
on the 28" day. The average of the results was taken as illustrated in Figure 4 and Figure
5. From the charts, a huge reduction can be observed in the compressive strength on the
28" day with an increase in PSF or HDPE replacement ratio. A significant decrease on
the 28™ day for the mixes containing PS, and the decreased ratios were 98.6%, 98.7%,
98.7%, and 98.9 for 5%, 7%, 10%, and 15% of PS respectively as illustrated in Figure
4. For the same replacement, the Figure 5 shows also decrease in the compressive
strength of the HDPE were 44.7%, 47.1%, 48.0%, and 49.2% respectively. The lower
compressive strength behavior may be largely attributed to the lower density of the
polymer and thus the lower density of concrete. This reduction is symmetrical with
several studies in the literature. These concretes are only applied to structural elements
that are subjected to small loads.
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3. 5.3 Comparison between the PS and HDPE characteristics

The calculated density of PS and HDPE showed a large gap between the two types used
and thus this is reflected in the compressive strength. This depends on
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Figure 4: Relative compressive strength of HDPE mixes with reference mix.
the chemical components of the polymer. Shape, size and texture may not affect density
but can play arole in the strength of concrete. Figures 6 and 7 illustrate the gap between
the polymers used and reference mix.
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Figure 5: Comparison of the density of PS and HDPE with the reference mixture.
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Figure 6: Comparison of the compressive strength of PSF and HDPE with the
reference mixture.

5. Conclusion

This study has aimed to find the properties of hardened concrete containing two types

of polymer namely polystyrene (PSF) and high-density of polyethylene (HDPE). The

use of these two types is to obtain lightweight concrete and compare between the two.

From the above discussion, it can be concluded that the use of polymers such as PS and

HDPE in concrete has been found to be a suitable solution to obtain lighter elements

and reduce dead load, thus reduce quantities of costly steel reinforcement. Through the

laboratory study that was conducted and analyzed the results of the tests, the following
points were summarized:

1. Density of polymer concrete at 28 days of age was decreased in both types used

compared to the control mix. It shrank by 68.2%, 72.7%, 72.1%, and 74.5% for samples

containing 5%, 7%, 10%, and 15% PSF respectively. The density of samples that were
replaced with HDPE also decreased but to a lesser degree, with the decrease being

7.9%, 8.3%, 9.9% and 10.6% for the replacement ratios of 5%, 7%, 10% and 15%,

respectively.

2. For the compressive strength at 28 days of age, this strength was observed to

decrease by 98.6%, 98.7%, 98.7% and 98.9 for the replacement rates of 5%, 7%, 10%

and 15% of PSF concrete, respectively compared with reference concrete. For HDPE

concrete, it decreased by 44.7%, 47.1%, 48.0% and 49.2% with the same previous
replacement ratios, respectively.

3. By comparing PSF with HDPE, it can be seen that PS density decreased over HDPE
density by 65.5%, 69.1%, 69.1 and 71.4% for the above-mentioned replacement
ratio.

4. The compressive strength of PS also decreased over HDPE by 97.5%, 97.6%, 97.5
and 79.9% for the same replacement ratios.

In this research, some properties of lightweight concrete by adding polymer were

studied, and further field of researches has been opened for future study.
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Abstract

Rutting is one of the common pavement distresses which led to lower riding comfort for
road users and high maintenance costs. The aim of this study is to enhance the properties
of Gap-Graded Asphalt Mixes (GGAM) by using Calcium Carbonate (CaCos) with new
by-product material Treated Palm Qil Fuel Ash (TPOFA) used as a filler. The dynamic
modulus (E*) Simple Performance test (SPT) was conducted at 4°C, 21°C, and 37.8°C,
and used 10 Hz and 0.5 Hz loading frequencies. The same samples were used for the flow
number test (Fn) at 54. 4°C to evaluate the Rutting Performance of GGAM subjected to
acceleration moisture conditioning using a continuous haversine loading. Results from the
study indicated that the SPT test was effective and that enhancement in the stiffness and
water sensitivity resistance is achieved by adding CaCOs with TPOFA to the GGAM.
Furthermore, to use new by-product material treated palm oil fuel ash in road pavement
wherever available to solve the solid waste disposal problem of the environment.

Keywords: Gap-graded asphalt mixes, Rutting, SPT, Flow number, Moisture conditions.

1. Introduction

The development of modern pavement technology is needed to accelerate the
significant improvement of the pavement quality of highways. Pavement surface
distress such as cracks is prevalent on pavements due to the action of repeated traffic
loading and cyclic environmental conditions. The rutting is mainly caused by the
denseness of the asphalt mixture, while the unmodified asphalt mixture rutting is caused
by the combination of compactness and push. Using new materials may help mitigate
the problem by improving the properties of asphalt mixtures. Researchers in the
highways have conducted extensive research on the rutting performance of asphalt
pavement. In previous laboratory investigations performed by means of wheel tracking
tests, the Authors found that in some cases rubberized gap-graded mixtures exhibited
poor rutting resistance properties [1]. The Simple Performance Test (SPT) dynamic
modulus was conducted to evaluate the rutting potential of GGAM. The SPT test's
benefit is that it is repeatable and non-destructive and was conducted at a broad range
of temperatures and loading frequencies applied during testing giving a better
understanding of the rutting deformation occurring under different conditions. Due to
the importance of the dynamic coefficient of asphalt mixtures as a performance
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parameter, many studies have been initiated to determine the dynamic coefficient of
asphalt mixtures using simple tests or prediction models [2]. Sirin et al. (2006) obtained
the anti-rutting performance of the asphalt pavement modified by SBS through the
accelerated loading test of the road surface [3]. Ziari et al., (2019) proposed an asphalt
mixture with waste rubber powder as a modifier and amorphous carbon powder as a
filler, which has shown good fatigue and rutting resistance [4]. Walubita et al. (2019)
compared and evaluated the anti-rutting performance of asphalt mixture by dynamic
modulus, repeated load permanent deformation, simple shearing and Hamburg rutting
[5]. Moisture susceptibility is the loss of strength in asphalt concrete mixtures due to
the loss of adhesion between asphalt binder and aggregate or the weakening of the
asphalt mastic in the presence of moisture and can result in rutting and fatigue distresses
developing [6]. Asphalt binder ageing is one of the principal factors causing the
deterioration of asphalt mixtures [7]. Many fillers obtained by processing natural or
recycled materials can be used for asphalt pavements such as Portland cement, hydrated
lime, and ground slag [8]. The choice of materials in road construction greatly impacts
road construction technology, maintenance and cost [9]. In tropical climatic conditions,
rutting and fatigue are the most common surface distress prone to occur on Malaysian
roads [10,11]. This study aims to evaluate the Rutting Performance of GGAM subjected
to acceleration moisture conditioning using continuous haversine loading.

2. Materials and Methods

A conventional asphalt binder grade 60/70 supplied by SHELL Company was used and
its properties are shown in Table 1 [12].

Table 1: Properties of base binder [12]

Ageing condition Property values
Penetration [1/10 mm] 63
Softening Point [°C] 48
Unaged Ductility @ 25 °C [cm] 115

Relative Density @ 25°C 1.03
G*/sind (@ 64°C [Pa] | 1621.40

Short term aged G*/sind @ 64°C [Pa] | 3584.20

Long termaged | G* sind @ 25°C [MPa] 451

The crushed granite geometrically cubical aggregate (GCA) supplied by Kuad Quarry
Sdn. Bhd., Penang was used. The basic properties of the aggregate as well as the
gradation used which was developed by OPUS International are shown in Tables 2-3
respectively [12].
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Table 2: Engineering Properties of GCA [12]

Property Test result | Test method
Coarse Aggregates Bulk Specific Gravity (g/cm3) 2.624 AASHTO T85
Absorption (%) 0.53 AASHTO T85
Fine Aggregates Bulk Specific Gravity (g/cm3) 2.575 AASHTO T84
Polished Stone Values 51.10 ASTM D3319

Flat and Elongated (%) 13.56 BS 812
Los Angeles Abrasion (%) 8.0 ASTM C131
Aggregate Crushing Value (%) 16.77 BS 812-110

Table 3: Aggregate Gradation Developed by OPUS International [12]

Sieve Size | Lower and Upper Limit of Percentage | Gradation Used
(mm) of Passing by Weight (%) (%)
20 100 100
14 100 - 90 94
10 65-50 63
6.3 45-30 42
4.75 32-21 29
2.36 25-16 23
0.6 18-11 16
0.075 12-8 8

Combinations of 6% CaCOs with 2% (TPOFA) were used as fillers to enhance the bond
between the cubical aggregate particles and asphalt binder and improve the
performance of the mixture. Moreover, using TPOFA, which is the by-product of the
palm oil industry, can reduce the cost of total road construction. Several procedures
were conducted in Concrete Lab in USM to obtain the TPOFA as shown in Plate 1.

‘.\

(2) Raw POFA

(c) TPOFA

(b) Grind POFA
Plate 1: Obtain the TPOFA

1. Sample Preparation and Test Methods
The SPT was used to determine the strains and displacements of layered pavement
under different temperatures and loading conditions according to AASHTO TP79
(AASHTO, 2013) procedures [13]. The test is a fully integrated device that is comprised
of an environmental chamber, hydraulic actuator and pump, refrigeration and heating
unit and data acquisition system as presented in Plate 2(a). Approximately 6350 g of
batch weight was needed to prepare cylindrical samples 150 mm in diameter and 165
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mm in height that was compacted by the Superpave Gyratory Compactor (SGC) with
7% air voids. After compaction and cooling at room temperature for 24 hours, the
specimens were cored and trimmed from the centre of the gyratory compacted specimen
as shown in Plate 2(b). Both ends of the specimen were sawed by approximately 5 mm
to achieve the final dimensions of the specimen of 100 mm in diameter and 150 mm in
height. The LVDT sensors were then fixed to measure the deformation when the sample
had been subjected to stress as shown in Plate 2(c).

(b) Cored and Trimmed (c) Fixed the LVDT
Plate 2: Simple Performance Test

The stress versus strain relationship of an asphalt mixture under a continuous haversine
loading is defined by its complex dynamic modulus (E*). The E* test was conducted
under a series of temperatures (4.4, 21.1, 37.8 and 54.4 °C) and loading frequencies
(0.1, 1, 5, 10 and 25 Hz). Before testing, samples were conditioned for 4 hours in a
temperature-controlled chamber at the test temperature. The test began with the highest
loading frequency of 200 cycles at 25 Hz with the lowest test temperature 4.4°C. A 60
seconds rest period was applied between each frequency to allow specimen recovery
before applying the next lower-frequency loading. The test was conducted under a
stress mode with a uniaxially applied haversine load, and the parameters employed in
this test are shown in Table 4. This test is categorised as a non-destructive test.
Whereby, the same samples were used for the flow number test to quantify the rutting
potential of asphalt mixture at 54.4°C. The flow number is defined as the number of
load pulses where the minimum rate of change in permanent strain occurs during the
repeated load test. To simplify the identification of the GGAM, the samples are
designated first by their mix type, followed by the main filler and secondary filler as
GGCP.

Table 4: Parameters for the Simple Performance Test

Parameters Values
Test Temperature 4.4°C, 21.1°C, 37.8°C and 54.4°C
Test Condition Dry and Wet
Loading Frequencies (Hz) | 25 | 10 5 1.0 | 05 | 0.1
No. of Cycle 200 | 200 | 100 | 20 | 15 | 15
Sample Diameter 100 mm
Sample Height 150 mm
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2. Samples Conditioning

After mixing, the trays were kept in a draft oven at 135°C for 4 hours to simulate short-
term ageing (STA) according to AASHTO R30 (AASHTO, 2006) procedures [14]. The
samples were then subjected to ultraviolet radiation (UV) at 85°C for five days to
simulate long-term ageing (LTA) that represents 7 to 10 years of the service life [15].
Likewise, samples were subjected to moisture conditioning parameters to simulate field
conditions in the laboratory. Each sample was partially saturated in distilled water using
a desiccator under a 635mm-Hg vacuum for 30 minutes at room temperature to achieve
50% to 70% saturation. Different methods of moisture conditioning were applied to the
samples as presented:
(a) Unconditioned or controlled sample (dry) was kept at room temperature.
(b) Vacuum saturation in distilled water for 30 minutes at room temperature and then
submerged in distilled water for 48 hours at 25°C.
(c) Vacuum saturation in distilled water for 30 minutes at room temperature and then
freeze in a deep freezer for 24 hours at -6°C.
(d) Vacuum saturation in distilled water for 30 minutes at room temperature and then
soaked in distilled water for 24 hours at 60°C.
(e) Vacuum saturation in distilled water for 30 minutes at room temperature and then
freezing in a deep freezer for 24 hours at -6°C and then thawing in distilled water for
24 hours at 60°C (freezing-thawing).
3. Results and Discussion

1. Combined Effects of Ageing and Moisture on Rutting Using SPT
Figure 1 presents the mean dynamic modulus (E*) and phase angle (6°) GGCP
subjected to different ageing conditions. Referring to the results, the mixture exhibits
higher moduli values at lower temperatures (4.4 °C), while the trend is reversed at
elevated temperatures (21.1 and 37.8 °C). Furthermore, the increase in dynamic
modulus (E*) when subjecting the mixture to different ageing conditions are desirable
for better resistance to permanent deformation. Also, lower E* at low temperatures are
desirable for the better resistance to thermal cracking. The ageing has a significant
effect on the GGCP as indicated by the higher calculated modulus ratio as shown in
Table 5.

Table 5: Dynamic Modulus Ratios of GGCP

Ratio = E* (STA) / E* (Un- | Ratio = E* (LTA)/E* (Un-
Freq. (HZ) aged) aged)
4°C 37.8°C 4°C 37.8°C
10 1.20 1.12 1.56 1.31
0.5 1.35 1.03 1.70 1.29
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Figure 1: Effects of Ageing on E* and (® °) for GGCP

The E* ratios of GGCP were greater than 1.0 at the higher temperatures regardless of
the test frequencies, a desirable characteristic can be observed especially for the rutting
resistance and for all types of loading conditions. The temperature and frequency
conditions used for the comparison are 4.4 °C for low temperatures, and 37.8 °C for
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higher temperatures. The frequency selected is 10 Hz, representing the typical vehicle
speed for an arterial street and 0.5 Hz representing much slower vehicle speed for the
case of parking lots or at approaches to intersections. On the other hand, the relationship
between the dynamic modulus of GGCP subjected to several ageing and moisture
conditioning is illustrated in Figures 2 and 3. Each figure presents the summary
comparison of E* for selected values of test temperatures

loading frequencies (10 Hz and 0.5 Hz).
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Figure 2: Comparison of Measured Dynamic Modulus at 4.4 °C for GGCP
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Figure 3: Comparison of Measured Dynamic Modulus at 37.8 °C for GGCP

The effects of the test temperature on E* show that the stiffness of the mixture responds
to variations in temperature. At constant frequency, E* values are higher at a lower test
temperature and start to decrease as the test temperature increases. The variations in E*
results are also observed to be less at a higher temperature. As the asphalt binder
softens, the stiffness of the mixture reduces, and the mixture performance is largely
dictated by the aggregate matrix within the mixture. The rutting characteristics of
GGCP subjected to ageing and various moisture conditioning methods were assessed
from the dynamic modulus test performed at elevated temperatures. A relationship has
been established with a hypothesis that the stiffness of the mixture from the dynamic
modulus test can be used to evaluate rutting. The temperature chosen was at 37.8°C and
loading frequencies were at 10 Hz and 0.5 Hz because rutting is expected to occur at
higher temperatures and lower loading times. Figures 4 show the correlation plots for
the rut stiffness factor at 37.8 °C against the rut depth for GGCP mixtures. In general,
there exists a strong correlation is observed for GGCP tested between rut stiffness factor
and rut depth at a higher loading frequency.
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Figure 4: Rut Depth Versus Rutting Factor at 37.8°C for GGCP

The Flow Number test (Fn) was conducted for GGCP mixes. All tests were carried out
on 100 mm in diameter and 150 mm in height cylindrical specimens. Plate 3 shows the
actual specimen setup for the Fn test. Both specimen ends were lubricated to warranty
frictionless surface conditions. All tests were conducted within an environmentally
controlled chamber throughout the testing sequence.

(@) Specimen Before Test (b) Specimen After Test
Plate 3: Actual Specimen Set-Up for Fx Test

Figure 5 presents the results of the unconfined Fn test. Flow numbers are varied
significantly depending on their ageing and moisture conditioning methods. The results
show that the GGCP has higher Fn indicated to less susceptibility to permanent
deformation. The LTA sample with a dry moisture conditioning method exhibited a
higher flow number than others moisture conditioning methods. Tables 6 show the
results of the statistical analysis of dynamic modulus test results at a 95% confidence
level (o = 0.05) indicating that a higher test temperature and the combined effects of
ageing and moisture condition had a significant influence on mixture stiffness
properties.
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Figure 5: Effects of Ageing and Moisture Conditioning Methods on Fn

Table 6: ANOVA Analysis of the dynamic modulus (E*)

Sample Source Mean Square | Df F p-value | Sig.
TT? 7.1E+07 6 449.572 | <0.001 | Yes
CPP 1.2E+06 4 7.628 | <0.001 | Yes
TT*CP 1.96E+08 24 | 1246.812 | <0.001 | Yes
Un-Aged Error 1.57E+05 70
Total 105
Corrected Total 104
R Squared = 0.999 (Adjusted R Squared = 0.999)
Sample Source Mean Square | Df F p-value | Sig.
TT? 1.55E+09 6 166.51 | <0.001 | Yes
CP® 3.40E+08 4 1901.25 | <0.001 | Yes
TT*CP 5.85E+05 24 3.26 <0.001 | Yes
STA Error 8.80E+08 70 | 4909.16
Total 105
Corrected Total 104
R Squared = 0.999 (Adjusted R Squared = 0.999)
Sample Source Mean Square | Df F p-value | Sig.
TT? 9.55E+13 6 94.70 <0.001 | Yes
CP® 4.82E+13 4 478.09 | <0.001 | Yes
TT*CP 1.3E+13 24 12.88 | <0.001 | Yes
LTA Error 1.0E+12 70
Total 105
Corrected Total 104
R Squared =0.980 (Adjusted R Squared = 0.970)

(@) TT= Test Temperature, (b) Asphalt Mastics Containing CP
Conclusions

The results indicated that the SPT test was adequate and that enhancement in the
stiffness and characterized lab-measured water sensitivity resistance for GGAM
mixtures. The SPT test was an effective tool for quantifying rutting potential with a
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better simulation of typical field behavior. The results of this testing can be considering
the effects of unconditioned versus conditioned dynamic modulus values and their
respective impacts on pavement performance in predicting pavement distresses. Good
correlations of unconfined FN, with LTA sample with a dry moisture conditioning
method. Furthermore, the results showed that the GGCP exhibited the highest
resistance to permanent deformation. This observation was also evident from the
statistical analysis. Thus, it can be concluded that there are more advantages to using
GGCP in road pavement.
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Abstract

In this study, the core of the Westinghouse AP1000 reactor [1] gen. I11+ was simulated,
which is one of four reactors that have been nominated to be adopted by the Libyan
Atomic Energy Establishment [2]. The MITH code, which is a thermal-hydraulic code,
is used to find the clean core thermal parameters. The power distribution in the reactor
core was evaluated using the 2DB code [3]. The hottest assemblies, which have the
maximum power production were determined with a value of 30.82 MW Using 2DB
code, the hottest assembly has been described, and the hottest channels have been
found. The power produced in the hottest channel is 139 KW. Using the MITH code
[4], the parameters of fuel elements were evaluated for average and hottest channel
length, which were divided into 40 meshes for drawing and 100 meshes for studying.
The temperatures of the fuel center & surface, clad, and coolant have been determined
and they were satisfactory, while the minimum DNBR has been found to be within safe
limits with a value of 2.17.

1. Introduction

1.1.  AP1000 reactor core [1]

Nuclear power plants used the Westinghouse Advanced Passive PWR AP1000, is an
1117 MWe class PWR based closely on the AP600 design. The AP1000 maintains most
of the AP600 design configuration [4] and uses the AP600 components, proven in
earlier Westinghouse PWRs or in special test programs, and licensing basis by limiting
the changes to the AP600 design to as few as possible. In the AP1000 design, fuel rods
are fabricated from cylindrical tubes made of ZIRLO (zirconium-based alloy(s))
containing UO; fuel pellets. Fuel assemblies are arranged in a pattern that approximates
a right circular cylinder. Each fuel assembly contains a 17x17 rod array composed
nominally of 264 fuel rods, 24 rod cluster control thimbles, and an in-core
instrumentation thimble, which are shown in figure 1. For the initial core loading, the
fuel rods within a given assembly have the same uranium enrichment. A total of 157
fuel assemblies of three different enrichments are used in the initial core loading to
establish a favorable radial power distribution. Two regions consisting of the two lower
enrichments, 2.35 w/o and 3.40 w/o, are interspersed to form a checkerboard pattern in
the central portion of the core. The third region is arranged around the periphery of the
core and contains the highest enrichment of 4.45 w/o. Figure 1 shows the core and fuel
assembly of the AP1000 [5].
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AP1000 fuel assembly 17X17 AP1000 reactor core
@ Fuel Rods  Q Control Rods B 235% 8 3.40% 4.45%
Figure 1 AP1000 reactor core & fuel assembly

1.2. Thermal hydraulic analysis [6]
Thermal analysis of a nuclear reactor becomes critical because it enables anchoring in
practice the greatest power released in view of the reactor material properties. The
maximum power generated in a reactor should be transferred from the nuclear fuel into
the coolant in the form of heat. Thus, thermal analysis is a tool for validating neutronic
analysis and establishing safety parameters for nuclear reactors. The maximum power
to be produced by the core of a reactor is determined by the heat removal
capacity in the hottest channel reactor or the fuel temperature limits in the
position of the hottest point of the core. From a thermal-hydraulic standpoint,
in the case of water-cooled reactors such as the AP1000, the designer's primary
concern is the avoidance of critical heat flux (CHF), which is a sudden drop of
the heat transfer coefficient of a surface at which coolant is evaporating or
boiling. The reactors should be designed such that the fission products remain
confined up to the fuel during the entire time and during adverse conditions
such as normal operation, shutdown, and accident conditions when the
refrigerant cannot normally cool the fuel down.

1.3. DNB [7]

If the heat flux of a boiling system is higher than the critical heat flux (CHF) of
the system, the bulk fluid may boil, or in some cases, regions of the bulk fluid
may boil where the fluid travels in small channels. Thus, large bubbles form,
sometimes blocking the passage of the fluid. This results in a departure from
nucleate boiling (DNB) in which steam bubbles no longer break away from the
solid surface of the channel, bubbles dominate the channel or surface, and the
heat flux dramatically decreases. Vapor essentially insulates the bulk liquid from
the hot surface. During DNB, the surface temperature must therefore increase
substantially above the bulk fluid temperature to maintain a high heat flux.

208

—
| —


https://en.wikipedia.org/wiki/Heat_flux
https://en.wikipedia.org/wiki/Critical_heat_flux

Fifth Conference on Engineering Sciences Thermal-Hydraulic calculations for the

and Technology (CEST-2022) 20-22 Westinghouse AP-1000 clean core with MITH code
December 2022/ Libya

Avoiding the CHF is an engineering problem in heat transfer applications such
as nuclear reactors, where fuel plates must not be allowed to overheat. DNB
may be avoided in practice by increasing the pressure of the fluid, increasing
its flow rate, or by utilizing a lower temperature bulk fluid that has a higher
CHF. If the bulk fluid temperature is too low or the pressure of the fluid is too
high, nucleate boiling is, however, not possible.
1.4. MITH Code [6]
MITH (MICHIGAN THERMAL HYDRAULIC ANALYSIS CODE) is a thermal-
hydraulic analysis code that uses thermal hydraulic correlations to deal with
temperature and pressure as well as power for the hot and average channel. The code
calculates fuel, clad and coolant temperatures for both hot and average channel as well
as core pressure drop, fluid density and fluid quality, and it also calculates clad surface
heat flux, DNB heat flux, and DNB ratio, and many other parameters.

Fig. 2 Fuel assembly Fig. 3 coolant sub-channels
2. Previous study [3]
A neutronic analysis of the AP-1000 reactor core has been done using LEOPARD,
2DB, and TLINX codes in a previous study, which has been published at the 15th Arab
atomic energy conference in Aswan, 2021. The neutronic parameters such as power
distribution that have been obtained in previous study are used in this study.

3. Methodology

To determine the hot channels, the hottest assembly has been described in the 2DB
code, which includes 264 fuel rods and 25 control rods. The control rods are assumed
to be withdrawn and their regions are full of water. By running 2DB input files, the
power distribution on the assembly is found, and it is noted that the channels in the
corner have the highest power produced (139.0267 KW), as shown in figure (4.13). The
hot channel factor (FR) (The ratio of power generation in a hot channel to that in an
average channel) can be calculated.

FR= power generation in the hot channel

power generation in an average channel
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thermal Power generated in entire core

Where power generation in an average channel =

number of fuelrods in the core

Power generation in an average channel = 5340408 = 0.08203 MW = 82.3049 KW
— 139.027 =1.69
82.03049

Fig. 4 Power distribution (KW) in a quarter of the hottest assembly

4. Results:
4.1. Average channel

From the neutronic parameters that were obtained in the previous study, a thermal
hydraulic analysis was simulated using the MITH code depending on FR value and the
data on a table (1), choosing the number of discrete intervals as 40 meshes for drawing
and 100 meshes for studying (for best accuracy).
The MITH output file has results that are shown in Tables (2) and (3).

Table (1) AP1000 specifications ™.
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Channel Heat flux T-fluid T-clad T-fuel Temp. Fluid Fluid
length surface fuel density  enthalpy
(z)  Buwhrftt - AC °C °C  center°C (Lbs/ft®) Btu/lbm-°F
1 2.53E+04 265.29 | 267.76 281.58 345.72 47.8 528.93
2 5.05E+04 265.51 | 270.43 297.98 425.86 47.78 529.4
3 7.54E+04 265.87 | 273.21 314.32 505.16 47.74 530.18
4 9.97E+04 266.37 | 276.08 330.49 583.12 47.69 531.27
5 1.24E+05 267.00 | 279.02 346.41 659.25 47.62 532.66
6 1.47E+05 267.77 | 282.01 361.96 733.09 47.53 534.34
7 1.69E+05 268.66 | 285.04 377.04 804.18 47.43 536.31
8 1.90E+05 269.67 | 288.07 391.58 872.08 47.32 538.54
9 2.10E+05 270.79 | 291.10 405.46 936.38 47.2 541.02
10 2.28E+05 272.01 | 294.01 418.52 996.58 47.06 543.75
11 2.45E+05 273.32 | 297.71 431.61 1053.23 46.91 546.7
12 2.61E+05 274.82 | 299.48 441.94 1103.31 46.73 549.85
13 2.75E+05 276.23 | 302.42 452.56 1149.59 46.57 553.19
14 2.88E+05 277.72 | 305.14 462.04 1190.44 46.39 556.69
15 2.98E+05 279.29 | 307.76 470.44 1225.71 46.2 560.34
16 3.07E+05 280.91 | 310.25 477.72 1255.21 46 564.1
17 3.14E+05 282.57 | 312.58 483.81 1278.72 45.8 567.97
18 3.19E+05 284.26 | 314.75 488.67 1296.10 45.58 571.9
19 3.22E+05 285.97 | 316.73 492.28 1307.25 45.36 575.89
20 3.23E+05 287.68 | 318.51 494.60 1312.09 45.14 579.9
21 3.22E+05 289.38 | 320.08 | 495.62 1310.60 4491 583.91
22 3.19E+05 291.07 | 321.42 495.34 1302.78 44.69 587.9
23 3.14E+05 292.71 | 322.54 493.77 1288.68 44.46 591.84
24 3.07E+05 294.32 | 323.43 | 490.90 1268.38 44.23 595.7
25 2.98E+05 295.87 | 324.07 486.76 1242.03 44,01 599.47
26 2.88E+05 297.35 | 324.48 | 481.38 1209.78 43.79 603.11
27 2.75E+05 298.76 | 324.66 | 474.80 1171.83 43.58 606.62
28 2.61E+05 300.09 | 324.61 467.07 1128.44 43.38 609.96
29 2.45E+05 301.33 | 324.24 458.14 1079.77 43.19 613.11
30 2.28E+05 302.47 | 323.83 | 448.34 1026.40 43.01 616.06
31 2.10E+05 303.53 | 323.09 437.46 968.38 42.84 618.78
32 1.90E+05 304.49 | 322.15 | 425.66 906.17 42.69 621.27
33 1.69E+05 305.34 | 321.02 413.02 840.17 42.55 623.5
34 1.47E+05 306.08 | 319.69 399.63 770.77 42.43 625.46
35 1.24E+05 306.71 | 318.17 385.56 698.40 42.32 627.14
36 9.97E+04 307.23 | 316.48 370.89 623.52 42.23 628.53
37 7.54E+04 307.64 | 314.62 355.73 546.57 42.16 629.62
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38 5.05E+04 307.93 | 312.61 340.16 468.04 42.11 630.4
39 2.53E+04 308.11 | 310.45 | 324.27 388.41 42.08 630.87
40 4.73E-01 308.17 | 308.17 308.17 308.17 42.07 631.03
Table (2) Average temperatures, heat flux, fluid density & enthalpy
Parameter AP-1000
English units SIU
Thermal Hydraulic Specifications
Reactor core Thermal Power 3400 3400
(MWt)
System pressure, nominal 2250 psia 15.513 MPa
Total flow rate 113.5 X106 Ibm/hr 51.48X10°8 Kg/hr
Fuel weight, as uranium 211,588 Ib 95974.70 kg
dioxide
Fuel Design
Type of fuel assemblies 17X17
Number of fuel assemblies 157
Uranium dioxide rods per 264
assembly
Number of all Fuel Rods 41,448
Engineering Specifications
Fuel element outside diameter 0.374in 0.945 cm
Clad thickness 0.0225 in 0.05715 cm
Core diameter, equivalent 119.7 in 3.0438 m
Core height 14 ft 4.267 m
The active core volume 1093.74 ft 30.971318 m®
Assembly pitch 8.46456 in 21.5¢cm
Rod pitch 0.496 in 1.2598 cm
Enrichments
Region 1 2.35
Fuel Enrichment First Region 2 3.40
Cycle Region 3 4.45
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Table (3) Thermal hydraulic average parameter

Parameter SIU British unit
Average coolant density 721.38 Kg/m?® 45.034 Lbs/Ft3
Core pressure drop 81 Pa 11.7490 Psi

Fig. (5) Represents the variation of heat flux versus channel length.

3.50E+05

3.00E+05

2.50E+05

2.00E+05

1.50E+05

1.00E+05

Heat Flux (Btu/hr-ft2)

5.00E+04

0.00E+00

Max. Heat flux = 3.23X10° Btu/hr-ft2  ——
/ AN
/ g \\
N\
/ f \\
/
0 5 10 15 20 25 30 35 40

channel length

Fig (5) Average channel heat flux.

Figure 5 shows that the heat flux increases with a channel length (from bottom to
top), with a maximum value of (3.23X105 Btu/hr-ft2) at the center of the channel
length (= 2.14 m), then it begins to decrease using the (sin) formula until it equals
(4.73X101) at the end of the channel length (= 4.267 m). Fig. (4.15) represents the
variation of coolant temperature with channel length. Fig. (6) represents the variation
of coolant temperature with channel length.

Fig (6) Average channel fluid temperature.
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It can be noted from figure 6 that the coolant temperature increases versus channel
length (Z) due to heat transfer from fuel through cladding to fluid (H20). As channel
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length increases, the quantity of heat transferred (Q = h.A.(T1-T>)) decreases due to the
difference in T2 values at the bottom and in the center of channel length.
Fig. (7) represents the variation of clad temperature versus channel length.
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Fig (7) Average channel clad temperature.
In the case of clad, the temperature rises as channel length increase until it reaches mesh
# 27 (2.88 m) and reaches the maximum value of (324.65 °C), then falls as channel
length increases until it reaches (308.17°C) at the top end of the channel length at 4.267
m.
Fig. (8) represents the variation of center and surface fuel temperatures versus channel
length.

1600 Fuel surface temp. Fuel center temp.
1400 ——— Max. Fuel center temp. = 1312.09 °C
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s
@ 1000
2
g 800
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()]
200
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Fig (8) Average channel fuel temperatures.

From the figure, it can be noted that:
1- The maximum fuel surface temperature is 495.62 °C at mesh # 21 (=~ 2.24m).
2- The maximum fuel center temperature is about 1312 °C.
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To find the position of the maximum center fuel temperature exactly, 100 meshes are
used in the MITH code, and it is found that it occurs at mesh # 51nearly, 21.76 m.

1140
1130 //—\\
@ 1120 // \\
=]
£ 1110
5 / AN
2 1100 /
1090 -/
1080
40 45 50 55 60
channel length
Fig. (9) Center of fuel temperature vs. channel length using 100 meshes.
Table (4) the maximum center fuel temperature
Mesh # Temperature °F Temperature °C
50 2101.85 1135.694
51 2102.29 1135.939
_ 52 2101.23 1135.35
Fig. (10)
640 Max. enthalpy = 631.8 Btu/lbm-°F
o 620 _—
o /
£ 600 /
S
& 580
g
® 560
S sa0 //
/
520
0 10 20 30 40
channel length

represents the enthalpy temperature versus channel length.

Fig. (10) Average channel enthalpy.
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As shown in Fig. (10), as the fluid temperature rises versus channel length, the value of

enthalpy increases until it gets to the maximum value (631 Btu/lbm-°F) at the end of
channel length.

49

Max fluid density = 47.8 LBS/Ft®
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0 10 20 30 40 50
channel length

S
=

Fig. (11) Average channel fluid density.

The last figure shows the decrease in fluid density versus channel length due to an
increase in fluid temperature where the density of fluid is equal to 42 LBS/Ft at the
end channel length.

4.2 .Hot channels

The MITH output file includes also hot channel parameters as shown in Table (5) and
the figures below.
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Channel  Heatflux = T-fluid T-clad  T-fuel T-fuel Enthalpy DNB Heat DNBR
length surface  center °C ~ Btu/lbm Flux
2) Btu/hr-ft? °C °C oC = Btu/hr-ftz  DNB/Heat-
flux
0 0 265.22 | 265.22 | 265.22 | 265.22 528.77 | 2.10E+06 falalalalalel
1 4.28E+04 | 265.34 | 269.52 | 292.87 | 401.26 529.04 | 2.10E+06 | 4.91E+01
2 8.53E+04 | 265.71 | 274.03 | 320.58 | 536.71 529.84 | 2.09E+06 | 2.45E+01
3 1.27E+05 | 266.32 | 278.72 | 348.19 | 670.71 531.16 | 2.08E+06 | 1.63E+01
4 1.69E+05 | 267.16 | 283.56 | 375.52 | 802.44 533 2.06E+06 | 1.22E+01
5 2.09E+05 | 268.22 | 288.51 | 402.39 | 931.09 535.35 | 2.04E+06 | 9.78E+00
6 2.48E+05 | 269.51 | 293.54 | 428.64 | 1055.86 | 538.19 | 2.02E+06 | 8.14E+00
7 2.85E+05 | 271.01 | 298.62 | 454.11 | 1175.97 | 541.51 | 1.99E+06 | 6.97E+00
8 3.21E+05 | 272.70 | 304.79 | 479.71 | 1291.77 | 545.27 | 1.95E+06 | 6.09E+00
9 3.54E+05 | 274.74 | 308.18 | 501.46 | 1398.71 | 549.47 | 1.91E+06 | 5.40E+00
10 3.86E+05 | 276.68 | 313.41 | 523.84 | 1500.76 | 554.08 | 1.87E+06 | 4.86E+00
11 4.15E+05 | 278.81 | 318.40 | 544.69 | 1595.24 | 559.06 | 1.83E+06 | 4.41E+00
12 4.41E+05 | 281.10 | 323.28 | 564.04 | 1681.74 | 564.39 | 1.78E+06 | 4.04E+00
13 4.65E+05 | 283.53 | 328.01 | 581.74 | 1759.72 | 570.03 | 1.73E+06 | 3.73E+00
14 4.86E+05 | 286.07 | 332.52 | 597.68 | 1828.66 | 575.95 | 1.68E+06 | 3.47E+00
15 5.04E+05 | 288.69 | 332.86 | 607.79 | 1884.19 | 582.11 | 1.63E+06 | 3.24E+00
16 5.19E+05 | 291.38 | 332.87 | 615.90 | 1929.84 | 588.48 | 1.58E+06 | 3.04E+00
17 5.30E+05 | 294.12 | 332.88 | 622.24 | 1965.64 | 595.01 | 1.52E+06 | 2.87E+00
18 5.39E+05 | 296.86 | 332.88 | 626.81 | 1991.37 | 601.66 | 1.47E+06 | 2.73E+00
19 5.44E+05 | 299.58 | 332.88 | 629.55 | 2006.86 608.4 | 1.41E+06 | 2.60E+00
20 5.45E+05 | 302.27 | 332.87 | 630.46 | 2012.03 | 615.18 | 1.36E+06 | 2.49E+00
21 5.44E+05 | 304.87 | 332.86 | 629.53 | 2006.84 | 621.96 | 1.31E+06 | 2.40E+00
22 5.39E+05 | 307.43 | 332.84 | 626.77 | 1991.33 628.7 1.25E+06 | 2.33E+00
23 5.30E+05 | 309.91 | 332.83 | 622.20 | 1965.59 | 635.35 | 1.20E+06 | 2.27E+00
24 5.19E+05 | 312.30 | 332.81 | 615.83 | 1929.78 | 641.88 | 1.15E+06 | 2.22E+00
25 5.04E+05 | 314.59 | 332.79 | 607.73 | 1884.13 | 648.25 | 1.10E+06 | 2.19E+00
26 4.86E+05 | 316.75 | 332.75 | 597.91 | 1828.89 | 654.41 | 1.06E+06 | 2.17E+00
27 4.65E+05 | 318.78 | 332.72 | 586.46 | 1764.43 | 660.33 | 1.01E+06 | 2.18E+00
28 4.41E+05 | 320.64 | 332.68 | 573.43 | 1691.14 | 665.97 | 9.70E+05 | 2.20E+00
29 4.15E+05 | 322.37 | 332.64 | 558.93 | 1609.48 671.3 | 9.31E+05 | 2.25E+00
30 3.86E+05 | 323.93 | 332.58 | 543.02 | 1519.93 | 676.28 | 8.95E+05 | 2.32E+00
31 3.54E+05 | 325.33 | 332.53 | 525.81 | 1423.06 | 680.89 | 8.62E+05 | 2.43E+00
32 3.21E+05 | 326.58 | 332.47 | 507.39 | 1319.46 | 685.09 | 8.32E+05 | 2.59E+00
33 2.85E+05 | 327.67 | 332.40 | 487.89 | 1209.76 | 688.86 | 8.05E+05 | 2.82E+00
34 2.48E+05 | 328.59 | 332.32 | 467.42 | 1094.64 | 692.17 | 7.81E+05 | 3.15E+00
35 2.09E+05 | 329.37 | 332.23 | 446.11 | 974.82 695.01 | 7.61E+05 | 3.65E+00
36 1.69E+05 | 330.00 | 332.12 | 424.08 | 851.01 697.36 | 7.45E+05 | 4.42E+00
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37 1.27E+05 | 330.33 | 331.99 | 401.46 | 723.98 699.2 | 7.32E+05 | 5.75E+00
38 8.53E+04 | 330.32 | 331.82 | 378.38 | 594.50 | 700.53 | 7.22E+05 | 8.47E+00
39 4.28E+04 | 330.31 | 331.57 | 354.92 | 463.32 | 701.33 | 7.17E+05 | 1.67E+01
40 7.99E-01 | 330.30 | 330.30 | 330.30 | 330.30 | 701.59 | 7.15E+05 | 8.94E+05

Table (5) Hot channels temperatures heat flux & DNB flux

The hot channel fuel temperature versus channel length is shown in fig. (12)

Temperature °C

2250
2050 -
1850 -
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1450 -
1250 -
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850 -
650 -

250

Fuel surface temperature Fuel center temperature

Max. center fuel temp.=2012.03 C°

Max. surface fuel temp.=630.46 C°

\

5 10 15 20 25 30 35 40
z

Fig. (12) Hot channel fuel temperature.

It can be noted from the figure that:

1- The maximum temperature of the fuel surface in the hot channel is 630.46 °C
2- The maximum center fuel temperature in the hot channel is 2012.03 °C which
is still within the safety limit.

Fig (13) represents the variation of hot channel fluid temperature.

Temperature °C

335.00 +

325.00 -
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Fig. (13) Hot channel fluid temperature.
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As shown in Fig. (13), fluid temperature increases versus channel length (Z) due to heat
transfer from fuel through clad to fluid.

Fig. (14) Shows the critical heat flux and average heat flux curve versus channel length
(2). The minimum distance between these two curves represents the DNBR, where the
reactor core must be designed to keep the DNBR larger than the minimum allowable
value (1.25 for AP1000 at least) [Y1. As shown in fig. (4.23), the minimum DNBR is
2.17 which means the reactor is working within the safe limit.

DNB heat flux
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Fig. (14) Hot channel heat flux vs. channel length (2)
Fig. (15) Represents the variation of DNBR with. Channel length.
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Conclusion

- The code used in the current study showed a good ability to deal with modern nuclear
reactors. The results obtained were well consistent with what was expected.

- The fuel elements' temperatures were as it was expected, while the minimum DNBR within
the limited values for PWR.
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Recommendations for future work:

Do a thermal-hydraulic analysis for AP1000 poisoned core (with burnable poison and
soluble boron) and compare the results with this study, the fuel element temperatures
for the hottest channel should decrease as well as DNBR.
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[1] (Imbert) &5 dalgdl canad) cufj gial dansd ) Clpiially slay)

Maximum Air

Range of Wood Blast

Gas Output Consumption  Velocity
dn d, d, h H R A dy Apx100 dr h max. min, Vm
deldy, mm mm mm mm mm mm No. mm An dn dy Nmh Nm¥h kgth m/s
268/60 60 268 150 80 256 100 5 75 7.8 45 133 30 4 14 224
268180 80 268 176 9% 256 100 5 9.0 64 33 119 “ 5 21 230
268/100 100 268 202 100 256 100 5 105 55 27 100 63 8 30 242
268/120 120 268 216 110 256 100 5 12.0 5.0 22 082 90 12 42 26.0
300100 100 300 208 100 275 115 5 105 55 30 1.00 7 10 36 294
300115 115 300 228 105 215 115 5 115 50 26 092 95 12 45 303
300/130 130 300 248 110 275 115 5 126 46 23 085 115 15 55 315
300/150 150 300 258 120 275 115 5 4.0 44 20 080 140 18 67 300
400/130 130 400 258 {10 370 155 7 1056 46 31 085 120 17 57 326
400/150 135 400 258 120 370 155 7 120 45 27 080 150 21 hal 326
400/175 176 400 308 180 370 155 7 8.5 42 23 074 190 26 90 314
400/200 200 400 318 45 370 153 7 160 38 20 073 230 3 110 31.2

Variables not given in figure are definedas follows:

dr =inner diameter of the luyere,

A= sum ol cross sectional areas of the aif jet openings in the tuyeres.
Ay, = cross sectional area of the throat.

A = number of tuyeres.

Source: Kaupp 1984a, Table 5; Fig. 75.
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1 Abstract

The HHO cell has been proved itself as most important hybrid fuel, that, it can reduce
the fuel consumption and reduce of the CO> emission, the objective of this research is
reduce of pollution that result from the internal combustion engine that use the gasoline
as fuel by using the HHO dry cell. Also using hydrogen cell technology as a way to
reduce fuel consumption in vehicles and to reduce harmful emissions to the
environment by design hydrogen cell that is inexpensive and with high performance for
helping consumers and encourage them to purchase it. Results show that the CO;
emissions in Libya is reduced from 12.24 Mt to 8.39 Mt through driving inside cities
and decreasing carbon emissions from 8.55 Mt to 6.53 Mt in combined drive. Also it
was reduced fuel consumption for a motor vehicle in the city up to 31.4 %, and 32.9 %
between city and combined drive. The benefit of installing HHO cell for all cars in
Libya is about 1.26 billion dollar yearly.

Keywords: HHO cell, catalyser, reduction fuel consumption, reduction of CO;
emissions

2 Introduction

Fossil fuels remain one of the most prominent influences on environmental pollution,
and it is prominent in the uses of fuel special automobile fuel, whose number is growing
day by day. Statistics have shown the number of vehicles on roads in Libya has

increased from 465,000 in 1983 to 2,680,000 in 2014[1-2].

In line with the above, the transportation wastes and emissions are considered one of
the main drivers of air pollution in Libya. Between 1990 - 2012, emissions from
transportation have increased drastically within the energy sector. Total transportation
emissions rose from 6.12 MtCO2e in 1990 to 16.59 MtCO2e in 2012 .Also, the CO>
emissions from transportation have increased from 1 metric ton in 1970 to 18 metric
tons in 2019 by growing at an average annual rate of 7.79% [3]. This is due to the fact
that the number of vehicles has become the equivalent of 2,500,000 gasoline-fuel
vehicles for passenger cars carrying 2,566,465 passengers per year, that huge number
is the result of imports for their cheap prices[4]. Actually , the non-compliance with the
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environmental measures and conditions, where the most important element for
environmental conditions is a lack of catalyser exhaust in the imported vehicles from
abroad, are dispensed with them as a result of their malfunctions and irreplaceable due
to their high price and the lack of environmental knowledge. This is the main factor
behind damages caused by not installing them. This led to a public health crisis and
lung diseases diagnosis amongst many Libyans [5]. Emissions, fuel and cost savings in
the internal combustion engine (ICE) are reduced by adding hydroxyl gas into the
combustion chamber for the accomplishment of more complete combustion Chinguwa,
Simon, et al [6]. Also, Prasetya, Hendrik Elvian Gayuh, et al [7] increased the
performance and reduce the exhaust emissions on 120 cc engines with four strokes that
also worked on by using a catalyst in the HHO generator integrated into the engine.
Salek, Farhad, Mohammad Zamen, et al. [8] used (HHO) dry cell which is coupled to
a gasoline engine to show the effects of electrodes, shape, distances, and the influences
of ultrasonic waves, the ultrasonic waves improves the HHO dry cell production rate
from about 6.4% to 52.4%. Basori, [9] studied the effect of HHO dry cell of reducing
air pollution by measuring emission level of exhaust gas. the results of NaOH solution
is decrease 81.74% of CO gas concentration and the use of NaOH solution to get an
average concentration of hydrocarbon gas are decrease by 69.62% when compared
operating without HHO generator. Brown gas (HHO) was produced by using the
electrolysis process in 4 stroke engine with KOH (aq) as a catalyst. It indicated that the
engine’s brake power, thermal efficiency, and mechanical efficiency are increased 22%,
47% 24%, respectively, Gohar, Ghulam Abbas et al [10]. Rusdianasari, Bow Y, et
al [11] Show that the best setup was electrolyte concentration of sodium hydroxyl was
0.05 M and the applied current was 15 A to produce 0.1028 LPM HHO gas with the
electric current efficiency of the hydrogen generator 89.13%.

This project focuses on the possibility of reducing fuel and emissions caused by
vehicles currently on the road, as well as vehicles that will be imported in the future.
Another important aspect is reducing emissions from exhaust without imposing any
restrictions on citizens, but rather by encouraging them to obtain the advantages of this
technology. Hydrogen cells can make car exhausts containing catalyser have a longer
life because of their ability to clean them of combustion deposits.

3 3. The first experiment on car’s motor

Installing HHO cell as shown in Figure 1. It can be used with graduated cylinder or
directly into the gasoline motor. It needs only the electrical current stabilizer as Cut-
Out. It is important to reduce the temperature of the cell and save the battery and
dynamo from damage.
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Figure 1: Schematic drawing of modern gasoline car’ motor with HHO cell
generator [12].
4 4. The effect of HHO cell on catalyzer
This work is a part of continues work on HHO dry cell [13], [14]. As shown in Figure
2, the catalyser is improved and it is more clear after using the HHO dry cell, it is clearly
shown that the HHO dry cell effect not only reduces the fuel consumption but also clean
the catalyser.

Figure 2 the picture of catalyzer after using HHO dry cell

5. Determining CO:2 emissions for vehicle exhaust
By converting the energy stored in the fuel into mechanical energy for an internal
combustion engine, the vehicle will move down the road, these processes produce an
amount of carbon dioxide CO. emission which is contained atoms of hydrogen (H) and
carbon (C) to produce fuel with hydrocarbon molecules (C,Hy). A simplified equation
for the combustion of a hydrocarbon fuel is expressed as follows:

Fuel (C4Hy) + oxygen (0,) + spark g water (H,O) + carbon dioxide (CO,)

+ heat 1)

In this combustion reaction, hydrogen combines with oxygen to produce water (H,O).
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Similarly, oxygen combines with the carbon to make carbon dioxide (CO>). In fact, this
reaction can be expressed as follows:

C+0,—> CO, )
Carbon has an atomic weight of 12, and oxygen has an atomic weight of 16 those results
of a molecular weight equals 44 for CO, it can be determined as following expression

1 carbon atom (12) + 2 oxygen atoms x an atomic weight of oxygen (16
molecular weight CO> )
Hence, CO> is 3.67 times heavier than carbon. One Litre of petrol fuel (gasoline),
includes about 0.63 kg of carbon, it produces about 2.39 kg. In other words, burning a
litre of petrol fuel produces around 2.39 kg of carbon dioxide.
6. Vehicle CO2 Emissions Footprint Calculator online Software
Online Software is used to calculate CO2 emissions (kg) that are produced by the
exhaust in a car. Just add fuel consumption (L/100 km) with travelled distance as input
data to know how much CO. emission has produced [15]. In the experiment, using the
fuel cell and without it on the same pattern and data, through driving the car normally
for a distance equal to 200 km by the determined pattern of driving inside the city, or
combine (city, highway). By determining the number of litres used in the tank with
travel distance, the fuel consumption rate in the car is determined.
6.1 Determination of Fuel consumption

Fuel consumption gives consumers reliable information about the relative fuel

efficiency of vehicles and it can be determined by the following formula;
L.S X100
~ (1)

FC =

6.2 Determination of reduction ratio for fuel consumption

Rpe (%) _ Fc_without fuel cell— Fc _with fuel cell x 100 (2)

Fc_without fuel cel

.. —CO0y . . fuelcell
emission emission X
o 100 (3)

03

C
RCOZ (%) =

emission

6.3 Reduction ratio for CO2 emission

Determine Present decrease in saving fuel consumption

Savef case —Savef,cqse With fuel cell

R_FC (%) = x 100 (4)

Savef/case
7. Results and Discussions
7.1 Results of the first experiment on car’s motor

The results from [13] and [14] experiments are shown in Table 1. The hydrogen cell
had a clear effect in reducing fuel consumption within the combustion engines and
reducing environmental pollution.
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Table 1: CO2 emission reduction rates for experiment car’s motor

Case Inside city Combine
Integrated  Integrated Integrated Integrated .
Data without with fuel ~ without fuel ~ with fuel Unit
fuel cell cell cell cell
Travelled distance 200 200 200 200 km
Fuel consumption 9.55 6.55 7.60 5.10 L/100 km
CO2 emission (kg) 45.66 31.31 36.33 24.38 kg
CO2 emission (kg/km) 0.23 0.16 0.18 0.12 kg/km
Inside city Combine
Total Emission in Libya by 2,680,000
. 12.24 8.39 9.47 6.53 MtCo,e
vehicle on roads
Reduction ratio fuel consumption & CO, 31.4% 32.9%

Fuel consumption is decreased by using a fuel cell on the car as shown in Table 3, and
Figure 4. values are decreased by installing fuel cells in a car from 9.55 L/100 km to
6.55 L/100 km inside the city driving, and from 7.60 L/100 km to 5.10 L/100 km during
combine driving. In addition, by multiplying the total number of vehicles, which was
equal to 2,680,000 vehicles to CO2 emission (kg) for a vehicle, the total Emission
MtCo,e in Libya by vehicles on roads is evaluated. The results in Table 1 show the
reduction in total emissions for vehicles in Libya when installed a fuel cell on the
engines.

M Fuel consumption Total Emissions MtCo2e in libya by vehicals

12 14
S [}

210 312
S &)
= -

> 8 510

c

S 28
a 6 °

£ ge

w

o
<5 2 3

T 2
o
Z [

0 0

Integrated  Integrated Integrated Integrated Integrated  Integrated Integrated Integrated
without fuel with fuel cell without fuel with fuel cell without fuel with fuel cell without fuel with fuel cell
cell . . cell . cell . . cell .
Inside city Combine Inside city combine

Figure 3. Fuel consumption and the total Emission MtCO.e by using a fuel cell on the
vehicles

A decrease in the rates of carbon emissions by using a fuel cell on the cars, helps in
preserving the environment, as shown in Table 1 and explained in Figure 3&4, the CO;
emissions are dropped by installing fuel cells in a car from 45.66 kgCOe to 31.31
kgCO.e through city driving, and from 36.3366 kgCO.e to 24.38 kgCOze during
combine driving.
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Figure 4. CO. Emissions results by kg for car motor experiment

From the results and as shown in Figure 5, the reduction ratio of fuel consumption
IS 31.4% during driving inside the city, and the reduction in fuel consumption is 32.9%
when driving through highway and city (combine drive),

m Reduction ratio fuel consumption & Co2
33.50%

33.00%

32.50%

32.00%

Reduction (%)

31.50%

31.00% -

30.50% -

Integrated with fuel cell Integrated with fuel cell

Inside city Combine

Figure 5. A ratio reduction of fuel consumption as same as CO> emissions by a
car motor experiment
Clearly, the difference between these ratios is attributed to the effect of the high

number of cars inside the city when compared to one outside the cities. The number of
cars inside cities cause jam resulting in increasing fuel consumption when compared to
driving through a highway outside cities. Also, there are many reasons affects the
increase in emissions such as the high mileage of a car, and the presence of problems
in the catalysed causing a decrease in the car's torque resulting in the consumption of a
greater amount of fuel.
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In addition, the huge number of cars in Libya when compared to the population
leads to a rise in exhaust emissions, which leads to an increase in the risk of chest and
cancer diseases. Finally, the presence of fuel cells is a helpful and effective factor in
rising health care and reducing treatment and insurance costs.

7.2 Economic or reduction fuel consumption

The economy for Libya can be obtained by calculating the overall fuel consumption by
the cars. If it is assumed that the fuel consumption is reduced by using HHO to about
31.5% as shown in Figure 5. Assuming that, all cars in Libya use this device that
decreasing the overall fuel consumption in Libya. In fact, the population of Libya is
about 6.5 million and the support from the state reached to 4 billion dollar
[1][16][17][18]. If the state support covers this device to be installed in all cars, it can
reduce the fuel consumption and benefit by 1.26 billion dollar without calculation of
smuggling.

8. Conclusions

According to the results, the emission of CO> can be reduced by about 31.4% minimum.
It reduces the emissions to about 3.85 MtCOze. The benefit of the reduction of the fuel

consumption are 1.26 billion dollar in Libya yearly. It increases or decreases as fuel
price value.

Nomenclature Name of symbols Unit
FC Fuel Consumption L/100 km
L.s Amount of litres used for driving L
T.S Travel distance drive Km
FC_ without fuel cell  Fuel Consumption without fuel cell L/100 km
FC _with fuel cell  Fuel Consumption with fuel cell L/100 km
Rco, Reduction ration for CO, emission %
COz,missionf UEL CEIl  CO, emission with fuel cell kg/km
CO2, nission CO; emission without fuel cell kg/km
Rpe Reduction ration for fuel consumption %
R k¢ Reduction ratio for fuel consumptionin o
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