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Evaluation of Alum/Lime Coagulant for the Removal of Turbidity from Al-
Ahdab Iraqgi Oilfields Produced Water

Basma Abbas Abdul-Majeed Hussein Basim Oleiwi
Assistance Professor Ph.D. Chemical Engineer
College of Engineering College of Engineering
University of Baghdad University of Baghdad
E-mail:basmal957@yahoo.com E-mail:husseinbasim537@yahoo.com
ABSTRACT

The removal of turbidity from produced water by chemical coagulation/flocculation
method using locally available coagulants was investigated. Aluminum sulfate (alum) is selected
as a primary coagulant, while calcium hydroxide (lime) is used as a coagulant aid. The
performance of these coagulants was studied through jar test by comparing turbidity removal at
different coagulant/ coagulants aid ratio, coagulant dose, water pH, and sedimentation time. In
addition, an attempt has been made to examine the relationship between turbidity (NTU) and
total suspended solids (mg/L) on the same samples of produced water. The best conditions for
turbidity removal can be obtained at 75% alum+25% lime coagulant at coagulant dose of 80 mg/|
at pH 6 and 120 min for sedimentation time. At these conditions, the turbidity reading was
reduced from 92 to 2.1 NTU.

Key words: coagulation, turbidity, alum, produced water.
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1. INTRODUCTION

Treating oilfield water can help facilitate additional water management options for
operators such as beneficial uses that in the short and long term can potentially provide certain
community and economic advantages. Treated produced water has the potential to be a valuable
product rather than a waste. A large number of methods were used as treatment technologies
such as heat treating, gas flotation, chemical separation, membranes, filtration, and biological
degradation. Several methods are available to remove the suspended solids or turbidity (like
cuttings, sand, clay particles, and microorganisms) and their methods are filtration, coagulation,
gravity separation, and biological treatment, Arthur, 2005.

All waters, especially produced water, contain both dissolved and suspended particles.
Coagulation and flocculation processes are used to separate the suspended solids portion from
the water. The suspended particles vary considerably in source, composition charge, particle
size, shape, and density. Correct application of coagulation and flocculation processes and
selection of the coagulants depend upon understanding of the interaction between these factors,
Smita, et al., 2012.

Turbidity is cloudiness or haziness of water (or other fluid) caused by individual particles
that are generally invisible to the naked eye. It is a characteristic related to the concentration of
suspended solid particles in water and has been adopted as an easy and reasonably accurate
measure of overall water quality ,Tseng, 2000. World Health Organization (WHO) has set the
guideline value for the residual turbidity in drinking water at 5 Nephelometric Turbidity units
(NTU), Connachie, et al., 1999. Although turbidity purports to measure approximately the same
water quality property as total suspended solids, the later is more useful because it provides an
actual weight of the particulate material present in the sample. While a relationship can be
established between turbidity and suspended solids, this relationship can and will change
spatially and temporally due to variations in solid composition and stream energy ,Rasmussen,
1995.

For all water types, there are many parameters that affect coagulation performance for
turbidity removal including the character and concentration of the particular material, chemical
and physical properties of the water, mixing time, mixing speed, and temperature. The common
parameters are coagulant type, dose, pH, and settling time, Uyak and Toroz, 2007. The
coagulation process utilizes what is known as a chemical coagulant to promote particle
agglomeration. Eilbeck and Mattock, 1987, presented a list of common coagulants in treating
wastewater. They mentioned that the most frequently used coagulants are iron and aluminum
salts and especially, for economic reasons, aluminum sulfate and ferric chloride. Coagulants are
sometimes assisted with further chemicals, known as coagulant aids. They essentially are
polyelectrolytes and lime alkalinity addition, Kiely, 1997.

The aim of this work was to study the feasibility of turbidity removal from real produced
water from Al-Ahdab Oilfields by alum and lime coagulants. The process was examined for the
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first time in Iraq under different values of coagulant/ coagulants aid ratio, coagulant dose, water
pH, and sedimentation time.

2. MATERIALS
2.1 Produced Water

A volume of produced water obtained for sampling from Al-Ahdab Oilfields, 180 km
south-east of Baghdad, was stored in a plastic container for the duration of the study. Samples of
this water were analyzed chemically in the Al-Ahdab Oilfields and results are listed in table 1.

2.2 Coagulants

The chemical coagulants used in the present study were aluminum sulfate and calcium
hydroxide. Aluminum sulfate (Alum) is selected as a primary coagulant, while calcium
hydroxide (lime) is used as a coagulant aid. Alum is a white crystalline solid with the formula
Aly(S04)3.18H,0 with purity of 97.3%wt. Lime is a very fine white powder. It has the chemical
formula of Ca(OH),, purity of 95%wt. The selected coagulants have been chosen in this work
due to their physical and chemical properties which give their ability to remove turbidity on their
molecular species from the bulk liquid. Also, they are of low cost and are locally available.

3. EXPERIMENTAL PROCEDURE

All coagulation experiments were conducted in six-place conventional jar-test apparatus.
Six beakers with 1 liter volume of produced water are used at time of experiment. The study
includes the effect of coagulant/ coagulant aid ratio, coagulant dose, pH, and sedimentation time
on turbidity removal. Different combinations of coagulant dose (20, 40, 60, 80, 100, and 120
mg/l), pH (3, 4, 5, 6, 7, and 8), and sedimentation time (30, 60, 90, 120, 150, and 180 min) were
tested. The pH was adjusted by adding drops of HCI (0.1M) or NaOH (0.1M) prior to the
addition of coagulant. To simulate coagulation, flocculation, and sedimentation conditions, rapid
mixing at 200 rpm was performed for 3 min, followed by slow mixing for 30 min at 30 rpm and
final step (0 rpm) for 60 min settling time, Degremont, 1979. After completing the settling time,
supernatant was withdrawn with a plastic syringe from near 3 cm below the liquid-air interface
for analysis of turbidity and total suspended solids. All the experiments were carried out at
ambient temperature of 20-25 C°.

Total suspended solids (TSS) are that portion of the total solids that are retained on a
filter paper (Cellulose nitrate membrane, approximately 0.45 mm pore size). Before sampling,
filter papers were prepared by first soaking them in distilled water, drying them at 100 C°,
weighing and recording their weights. Now, a measured volume (100 ml) of produced water is
passed through the filter. The filter containing the residue is then dried in an oven for one hour at
100 C°. The sample is then cooled and weighed. The increase in weight represents TSS. Finally,
TSS was calculated by using the equation below, APHA, 1998.

mg\ _ (A-B)
TSS (T) =2 x 1000 (1)
where A = final weight of the filter (mg), B = initial weight of the filter (mg), and C = volume of
water filtered (I). This inexpensive TSS tells much about the produced water character and can
be run in less than two hours with fairly inexpensive equipment.
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4. RESULTS AND DISCUSSION
4.1 Evaluation of the Percentage Ratio of Coagulant/Coagulant Aid

Different doses of aluminum sulfate (alum) as a primary coagulant with the coagulant aid
(lime) were added to the produced water with initial turbidity as 92 NTU, uncontrolled pH as
5.8, coagulant dose as 60 mg/I, and 60 min as sedimentation time. The results are shown in table
2. Examining this table, it is clear that there was an improvement in the turbidity removal when
25% lime were used as a coagulant aid in conjunction with 75% alum compared to alum alone
and this can be regarded as the best coagulant. Lin, et al., 1971, showed that the addition of
alum to water releases hydrogen ions and consequently lowers the pH. Unless the hydrogen ions
can be removed, the formation of an effective floc, AI(OH)3, is impossible. The hydrogen ions
can be removed by the alkalinity in natural water or by the addition of lime. This finding is in
agreement with , Degremont, 1979 and Kiely, 1997. They mentioned that if there is insufficient
alkalinity in the water with high turbidity, alkalinity is added by means of lime addition, even
with small amount, to improve the alkalinity and optimize coagulation.

4.2 Effect of Coagulant Dosage

Coagulant dosage was one of the most important parameters that have been considered to
determine the best condition for the performance of coagulant used (75%alum+25%Ilime) in
coagulation/ flocculation process. The effect of coagulant dosage on the removal of turbidity is
shown in Fig. 1. Coagulant dosage was varied from 0 to 120 mg/l while other parameters were
kept constant at pH 5.8 and 60 min for sedimentation time. From Fig. 1, it can be seen that the
best dose of coagulant was 80 mg/l and the removal efficiency of turbidity was 91.41%. It is
noticed that turbidity values are decreasing for coagulant dosage level of 0 to 80 mg/l and
gradually increasing for dosage level of 100 to 120 mg/l. This may be explained by: high dose of
the coagulant in the suspension caused charge stabilization of colloid particles, due to the
adsorption of counter ions (in this case was Al*®). Increasing the dose of coagulant more than 80
mg/l raised the turbidity because the excess adsorption of the counter ions caused the charge of
colloidal particles to become positive (i.e. re-stabilization of the colloidal particles). The results
obtained in this study are similar to those reported by Ghaly et al., 2007. They reported that
colloidal particles are negatively charged and upon addition of aluminum sulfate to wastewater,
the Al ions are attracted to these particles. At the point of complete charges neutralization, the
colloids begin to agglomerate due to collisions between particles. If excess coagulant is added to
the wastewater, the results are a reverse of the net charge on the colloidal particles (from
negative to positive). Particle re-stabilization by charge reversal allowed greater amounts of
smaller particles to remain in solution, thus increasing the total solids as well as the color
intensity of the treated water.

4.3 Effect of pH

In the coagulation/ flocculation process, pH is very important as the coagulation occurs
within a specific pH range. An optimum pH range, in which metal hydroxide precipitates occur,
should be determined to establish best conditions for coagulation. In this study, a range of pH
between 3 to 8 was selected. The results of the study showing the effect of pH on the removal of
turbidity are presented in Fig. 2. To determine the best pH value, coagulant dosage was
maintained at 80 mg/l and 60 min for sedimentation time. The best pH was determined at a value
of 6 followed by 5 and 7 and the turbidity removal was 91.09% as shown in Fig. 2. It was found
that the percentage of turbidity removal was increased at pH from 3 to 6 and then it declined for
pH 7 to 8. The obtained results are in accordance with those obtained by Degremont, 1979 and
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Sadeddin et al., 2011. They indicated that aluminum salts work best in a pH range of 5.5-7.4.
Outside this range, a higher concentration of dissolved aluminum is liable to be found.

4.4 Effect of Sedimentation Time

In this experiment, the sedimentation times were varied from 30 to 180 minutes. Other
parameters were kept constant at pH 6 and 80 mg/l for coagulant dosage. The effect of
sedimentation time on coagulation process is given in Fig. 3. From this figure, it can be seen
that the turbidity decreased with increasing settling time and it reached equilibrium at 120 min.
At this point, removal efficiency of turbidity was 97.72 %. Further increase in time had no effect
on turbidity removal. This result explained that almost all flocs produced after the coagulation
and mixing process have settled to the bottom of the sludge layer after 120 min. The settling
process is mainly affected by the gravity where heavier flocs will settle faster than dispersed
particle.

4.5 Turbidity versus Total Suspended Solids

Both turbidity and total suspended solids (TSS) are defined by the method used to
measure them. Turbidity is an optical measurement; it depends on the number of particles in the
sample and their shape and size. While TSS is a gravimetric measurement, it depends on the total
mass of filterable material in the sample, Rasmussen, 1995, Fig. 4. The final relationship
between turbidity and TSS at Al-Ahdab oilfields produced water was shown in Fig. 5. This
figure confirms the existence of a strong linear relationship between turbidity readings and TSS
concentrations. High coefficient of determination (R?=0.972) value was obtained for this
relationship. From the published NTU-TSS relationship, Irvine, et al., 2002 and Hannouche,
2011. It is seen that it can vary considerably between different aquatic systems and even at
different times for the same stream, so there is no universal correlation of turbidity and TSS.

5. CONCLUSIONS

The aluminum sulfate (alum) combination with coagulant aid (lime) provided higher
removal efficiencies of turbidity compared to coagulation with alum alone. The added alum to
water causes the release of hydrogen ions which lowers the pH.

The best conditions for turbidity removal using a jar test process can be obtained at 75%
alum+25% lime coagulant ratio at coagulant dosage of 80 mg/l at pH 6 and 120 min for
sedimentation time. This dose caused colloid particles to be charge stabilized, while increasing
the dose increase the turbidity where re-stabilization occurs.

At these conditions, the NTU reading was reduced from 92 to 2.1. The TSS-turbidity
relationship may be both site and time specific, so the relationship is normally unique for a
particular catchment and within a particular period of time.
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Table 1. Analysis of produced water from Al-Ahdab Qilfields, Date: 2-3-2013.

Parameter Value | Permissible Limit
pH 5.5-5.9 6.5-8.5
Turbidity (NTU) 92 5
TSS (mg/l) 2520 30
Density (kg/m°) 1095 -

Table 2. The percentages of the coagulant doses.

Sample Final Turbidity | Removal Efficiency
Coagulants
No. (NTU) (%)
1 100 % alum + 0 % lime 54.4 40.87
2 75 % alum + 25 % lime 128 86.09
3 50 % alum + 50 % lime 37.2 59.57
4 25 % alum + 75 % lime 61.4 33.26
5 0 % alum + 100 % lime 3 20.65

Journal of Engineering
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Figure 1. The effect of coagulant dosage on turbidity removal from produced water.
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Figure 2. The effect of pH on turbidity removal from produced water.



Number 6 Volume 21 June 2015 Journal of Engineering

B U1 D
o o o

Turbidity (NTU)
w
o

20
10
0 : : — = o
30 60 90 120 150 180

Settling Time (min)

Figure 3. The effect of sedimentation time on turbidity removal from produced water.
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Entransy dissipation of Shell and Double Concentric Tube Heat Exchanger
Calculations and Analysis

Asst. Prof. Dr. Basma Abbas Abdulmajeed
University of Baghdad — College of Engineering
Department of Chemical Engineering
Email: basmal957@yahoo.com

ABSTRACT

Shell-and-double concentric tube heat exchanger is one of the new designs that enhance
the heat transfer process. Entransy dissipation is a recent development that incorporates
thermodynamics in the design and optimization of heat exchangers. In this paper the concept of
entransy dissipation is related to the shell-and-double concentric tube heat exchanger for the first
time, where the experiments were studied at hot oil temperature of 80, 100 and 120°C, the flow
rate of cold water was 0.667, 1, and 1.334 kg/m® respectively and the temperature of inlet cold

water was 20°C. The entransy dissipation rate due to heat transfer and to fluid friction or
pressure drop was studied.

Key Words: entransy, dissipation rate, heat exchanger, heat transfer enhancement, concentric
tubes.
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1. INTRODUCTION

A shell and double concentric tubes heat exchanger is a new invention in heat transfer
devices that is used for transfer of internal thermal energy between three fluids at different
temperatures (two hot flows and a cold flow H-C-H or opposite C-H-C). They are used in
different industrial applications, where enhancement of heat transfer is needed in addition to
increasing compactness. Accordingly, both weight and cost of the exchanger will be decreased to
a good extent, ,Fadhil Abid A., 2013.

The new heat exchangers differ in the use of double concentric tubes instead of the ordinary
tubes used. The shell outside is the envelope of the double concentric tubes.

Principally, the second tube (inner tube) improves heat transfer through an additional flow
passage and a larger heat transfer area per the same length of heat exchanger. In this new heat
exchanger the application of two different streams leads to new heat transfer area which is equal
to the heat transfer area of shell-and tube heat exchanger plus of inner tubes heat exchange area

First fluid (the same temperature level or the same nature as the third fluid) enters and is
distributed between the shell and inner tubes. Whereas second fluid penetrates into annulus
shape formed with the inner tubes and the second tube sheet.

Heat transfer enhancement is considered to have great role in the studies of the scientists
since it affects the energy consumption all over the world. Studies led to different developments
like heat transfer optimization and entransy dissipation for describing the heat transfer ability and
irreversibility of heat conduction, respectively ,Zeng-Yuan et al., 2007. and ,Mingtian, 2011.

,Guo et al., 2007. defined a new physical quantity called entransy. They also defined heat
transfer potential capacity and heat transfer potential capacity dissipation function ,Guo et al.,
2003. and ,Chen, 2012. By analogy between heat conduction process and electrical conduction
process, a new term called entransy which can describe total heat transfer ability was introduced
by ,Zeng-Yuan et al., 2007.

,Guo et al., 2008. introduced an entransy dissipation number. They non-dimensionalized
the entransy dissipation of heat exchanger. This can be used as thermodynamic figure to assess
heat exchanger performance.

,Guo et al., 2010. defined an equivalent thermal resistance of a heat exchanger based on
the entransy dissipation rate. They developed relationships between heat exchanger effectiveness
and the thermal resistance which can be used to compare the irreversibility of a heat exchanger
and its effectiveness.

,Xiaodong et al., in 2011. defined in their work the heat exchanger thermal resistance
basing their work on entransy dissipation rate. They based the results on that the minimum
entransy dissipation resistance corresponds to the highest heat transfer rate.

,Li Xuefang et al., in 2011. studied the optimization of a water-water counter current
heat exchanger based on the entransy dissipation rate. They showed that increasing heat transfer
area will reduce the irreversible dissipation in the studied heat exchanger.

,Mingtian, 2011. showed that entransy is a state variable which may be employed to
describe the second law of thermodynamics.

,Mingtian, 2011. wrote a chapter studying the entransy dissipation theory and its
application in heat transfer; convection and heat exchangers.

,Liu et al., in 2011. showed in a study that the considering the principle of entransy
decrease in processes of heat transfer, that entransy would never increase when heat is
transferred from higher to lower temperature in both equilibrium or non-equilibrium states.

,Xuetao, and ,Xingang in 2012. showed that for any thermodynamic process, it is found
that some of net entransy flow from the heat sources is dissipated during process of heating or
cooling of the working fluid and the other part is lost in doing work process.
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Jiangfeng and ,Mingtian, 2012. studied the optimization of heat exchanger using
entransy dissipation theory and genetic algorithm.

,Chen, in 2012. summarized in his study entransy theory and its applications on heat
conduction, heat convection, heat radiation, and heat exchanger design etc.

,Xuetao et al., in 2012. developed expressions of entransy dissipation, entransy
dissipation based thermal resistance and entropy generation using the assumptions of
incompressible fluids, ignored the influence of viscous dissipation on entransy and they assumed
that there is no heat exchange between environment and the considered heat exchanger.

,Xuetao and ,Xingang, 2013. discussed the entransy expressions on thermodynamic
laws. For the first law they showed that any thermodynamic system is in balance. The entransy
expression for the second law of thermodynamics showed that entransy flow will not be
transported from low temperature level to a higher one. Considering the third law of
thermodynamics, the entransy expression showed that it is impossible to reach zero entransy for
anybody.

,Xuetao and Xingang, 2013. used concepts of entropy generation and heat entransy loss
to analyze the conversion of heat-work and heat transfer processes.

Jia et al., 2014. studied the convective heat transfer optimization based on minimum
entransy dissipation. Heat transfer is enhanced at relatively small flow resistance. This indicates
that the investigated optimization method is useful in design of heat transfer enhancement.

,Puranik and ,Maheshwari, 2014. introduced a new heat exchanger design based on
minimized entransy dissipation number which yields higher performance great savings in terms
of energy and protection of environment.

,Kim and Kim, 2015. showed that the minimum entropy generation or the entransy
dissipation does not represent the optimum performance for a counter-flow heat exchanger while
the minimum entransy dissipation-based thermal resistance corresponds to the maximum heat
transfer rate. It is found that the behavior of entropy generation is very similar to that of entransy
dissipation.

The aim of the present research is the application, calculation and analysis of the concept
of entransy dissipation rate to shell and double concentric tube heat exchanger at certain
conditions.

2. THEORETICAL BACKGROUND
Entransy can be related to enthalpy by the following equations, ,Mingtian, 2011.

dE = TdH 1)
dH = mcpdT (2)

The shell and double concentric tube heat exchanger is assumed to work under adiabatic
condition.

Entransy dissipation rate as a result of heat conduction in the considered heat exchanger
can be written for the shell side as:

: inside , . inside , . 1 ,.
E, = foutside(m T dH), = foutside(m cpTdT), = 2 (m Cp)l(le,inside - le,outside) 3)

while for the outer tube it can be written as:
inside inside

. . . 1 .
E, = foutside(mT dH), = foutside(m cp T dT), = 3 (m Cp)Z(TZZ,inside - T22,outside) 4)

12
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and finally for the inner tube side:
inside inside

- . . 1 .
Es = foutside(mT dH); = foutside(m cpT dT); = 2 (i Cp)3(T32.iTlSid€ - T32,0utside) ()

And the equation for the total entransy as a result of heat transfer is:

. T T

ET = El + EZ + E3 = E [(m Cp)l(le,inside - T12,outside) +

1,.

E(m Cp)3(T32,inside - T3'2,outside)] (6)

Since the hot oil is divided into two parts, one part flows in the shell side and the other
part flows into the inner tubes, and since the temperature readings represent the inlet one of the
hot oil while the outlet one represents the hot oil reading after mixing the two streams of hot oil,
then the first two terms can be added together and equation (6) can be written as:

. 1 .
ET = (m Cp)l (le,inside - le,outside) + 2 (m Cp)3(T32,inside - TS‘Z,outside) (7)

Flow friction in heat exchanger causes also entransy dissipation rate. Assuming a finite
pressure drop between inlet and outlet sides, and the flow is adiabatic and stationary. Then:

dE, = =T dp/p 8
And the entropy dissipation rate due to friction is given by:

E

outside
v = ;

. T
nside m;dp (9)
Replacing the temperature with the logarithmic mean temperature difference, assuming
incompressible fluid:

. A Ap AT
E, = ’”F’TI (10)

where: Ap = Dinside — Poutside

Considering the shell and double concentric heat exchanger studied, the entransy
dissipation rate due to friction is given by the following equation:

_ (m Ap) T outside — T1inside
E, =

p 1 lnTl,outside - lnTl,inside
+ (Tr'l Ap ) T3,0utside= T2inside + (m Ap ) T3 outside— T3,inside (11)
P 2 InT3 outside — T2 inside P 3 InT3 outside — INT3 inside

As mentioned above, the first two terms of equation (11) can be added to give the
following equation:

13
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Ep =2 [(m Ap) T1,0utside— T1,inside ] + (m Ap) T3 0utside— T'3,inside (12)
p 1 MT10utside — INT1inside p 3 InT3 outside = INT3,inside

The total entransy dissipation rate due to both heat transfer and fluid friction can be
written as:

Etotal = ET + Ep (13)

The entransy dissipation number can be introduced as the heat exchanger performance
criteria, where:

Er

£ = (14)

Q(T1inside— T3 inside)

where, Ty inside aNd T3 insiqe represent the maximum hot inlet temperature and the minimum cold
inlet temperature, respectively.

According to Li Xuefang et al in 2011, eq. (14) can be written in another form as:

Ep = £ (15)

e(m cp)1(T1 inside— T3 inside)

actual heat transfer rate
where, €=

maximum possible heat transfer rate

3. EXPERIMENTAL WORK

The laboratory unit of the shell and double concentric tube heat exchanger was built in the
laboratories of Chemical Engineering Department, College of Engineering, University of
Baghdad. It included: the heat exchanger, tanks with their heating coils to heat the oil, water
tank, measuring instruments and control panel of temperature, flow rate and pressure drop. The
heat exchanger was designed to perform counter currently, where the hot oil passed through the
concentric tubes and the shell, while the cold water passed through the new construction or the
annulus formed between the concentric tubes. The heat exchanger unit was built in the
laboratories of Chemical Engineering Department, College of Engineering, University of
Baghdad.

The new heat exchanger design was conducted according to Kern method. The volumetric
flow rates were 4 m*/hr and 8.35 m®/hr for the hot oil and water respectively. The hot oil inlet
temperature to the heat exchanger was 80°C to 120°C, while for water the inlet and outlet
temperatures was 20°C.

The experimental parameters studied were: temperature, flow rate of hot oil, and pressure
drop. The temperatures studied were: 80°C to 120°C with an increase of 20°C for each stage. For
each temperature, the volumetric flow rate of hot oil was changed from 0.822 kg/m® to 0.274
kg/m?®. For cold water, the change in volumetric flow rate of water was 40l/min to 80l/min with
an increase of 201/min for each stage.

14
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The test section was a shell- and - double concentric tube heat exchanger with
dimensions of 1.3 m in length and 1.08 m effective tube length.

The shell and double concentric tube heat exchanger was designed for counter flow
configuration. The heat exchanger constituted of: a bundle of 16 carbon steel tubes of 20 mm
inside diameter and 25 mm outside diameter was used; the tubes are distributed as a triangular
30" tube pattern. The clearance between two adjacent tubes is 6.25 mm, with the tubes pitch of
31.25 mm. A second bundle of 16 carbon steel tubes of 6 mm inside diameter and 10 mm outside
diameter, were added concentrically in each of the mentioned tubes.  Plate of carbon steel with
8 mm thickness was used to construct the shell. The shell inner diameter is 203 mm, and the
shell outer diameter is 220 mm. Baffles of thickness 6 mm were spaced by a distance of 100 mm.
The free section left was of 25%. Two fluids were used to complete the cycle of the heat
exchanges. The first one which passed through the shell side and the inner tubes side is forty
stock oil (lube oil) from Dorra Refinery, while the other counter current stream is water. Figure
(1) shows the concentric tubes arrangement of the heat exchanger studied.

The parameters to be measured during the test were:

1. The inlet and outlet temperatures of the tube side (inner and annulus) and shell side.
2. The inlet and outlet pressures of the tube (inner and annulus) side and shell side.
3. The flow rates of the tube side and the shell side.

The cold and hot oil are switched at the same time and the required flow rate was set.

After reaching the steady state conditions, the flow rate of cold water in the annulus is
fixed, and the hot oil temperature is set by a thermostat. The range of hot oil temperature studied
is 120-80°C with a step change of 20°C. The flow rate of hot oil is regulated. The temperatures
of water are recorded with the variation in flow rate. The inlet and outlet pressures are also
measured. The procedure was repeated with the change in flow rate of cold water.

4. RESULTS AND DISCUSSION

Table (1.a) to table (3.c) give the results of equation (7) for different inlet oil
temperature, constant flow rate of cold water and inlet temperature of cold water.

Plotting the entransy dissipation rate of table (1.a) to table (3.c) against the outlet
temperature of the hot stream, an increase in the entransy dissipation rate is pronounced with the
temperature as shown in Fig. 2 to Fig. 10.

Fig. 2 to Fig. 10 shows that there is almost a unique trend, where an increase at
the beginning, a maximum value and finally a decrease is noticed. This is in accordance with an
increase in the heat transfer process with the flow of the hot oil in both the inner tubes and the
shell counter-currently with the cold water in the annulus. It must be known that the entransy is
dissipated due to the irreversibility of the heat transfer process. Also, it should be noted that
increasing or improving the heat transfer performance of a heat exchanger normally corresponds
to an increase in its heat transfer area and to a reduction in its cost due to the decrease in its mass
or compactness. The newly used heat exchanger provides all the above mentioned parameters.
From figures 2 to 10 it can be deduced that the higher the entransy dissipation rate the smaller is
the reversibility in the heat exchanger. This was in agreement with ,Jiangfeng, and Mingtian,
2012.

The hot oil flow rate was plotted vs. entransy dissipation rate in Fig.11. The dissipation
rate shows the same trend, where a maximum is noticed for a certain value of flow rate.
According to ,Li Xuefang et al., in 2011. the reduction in the irreversible entransy dissipation
rate is gained by increasing the heat transfer area with the minimum possible flow rate.
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Using Eq.(12), the entransy dissipation rate due to friction effect or pressure drop across
the heat exchanger is shown in Fig.12. It is shown that a small difference is found for all the
experiments.

Comparing the values of entransy dissipation rate due to heat transfer with that due to
pressure drop shows that the last can be neglected. This proves that heat transfer plays the great
role in calculation of entransy dissipation rate. These findings were in agreement with
,Jiangfeng and ,Mingtian, 2012. viewpoint. Thus it is important to optimize the heat exchanger
design according to the heat transfer process.

It is must be noticed that to get the most optimum thermodynamically performance of a
process, it is very important to minimize the entransy dissipation rate. Thus working in the range
before maximum values in figures 2 to 11 will give such phenomena.

Entransy dissipation number can be calculated from Eq.(14). The results are represented
in Fig. 13. The figure showed that entransy dissipation number values ranged from 3 to more
than 9. The figure also showed that the values of entransy dissipation number decreased with the
increase in heat transfer rate for the cases studied (80°C hot oil inlet temperature, 20°C cold
water inlet temperature and three values of cold water flow rate; 0.667, 1 and 1.334 kg/s).
According to ,Guo JiangFeng et al., 2009. the decrease in the entransy dissipation number leads
to an increase in the effectiveness of the heat exchanger. Or, it can be said that increasing the
entransy dissipation number will increase the effectiveness of the heat exchanger. Considering
the thermodynamics point of view of this process, entransy dissipation number can be used to
assess the performance and effectiveness of such heat transfer process.

5. CONCLUSIONS

A study was made to analyze the idea of entransy dissipation rate on a shell and double
concentric tubes heat exchanger. The study included both entransy dissipation rate due to heat
transfer and that due to friction or pressure drop. It was found that the first played the greatest
role in the calculations in comparison to that of friction or pressure drop.

The study also showed that there was a decrease in the value of entransy dissipation
number with the increase in heat transfer rate, which emphasize the increase in the effectiveness
of heat exchanger.
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NOMENCLATURE

Cp = specific heat, JJKkg

E = Entransy

Ep = Entransy Dissipation Rate due to friction or pressure drop, WK
E; = Entransy Dissipation Rate due to heat transfer, WK
E,otq1 = Total entransy dissipation, WK

E; = Entransy dissipation number

m = Mass flow rate, kg/s

0 = Heat transfer rate, J/s

T = Temperature, K

Tiinsiae = Hot 0il inlet temperature, K

Ty outsiae = Hot oil outlet temperature, K

Tsinsize = Cold water inlet temperature, K

T3insiae = Cold water outlet temperature, K

Ap = Pressure drop, Pa

p = Density, Kg/m®

€ = Heat exchanger effectiveness

Table (1.a) Entransy dissipation rate for hot oil inlet temperature of 80°C, 0.667 kg/m> flow rate
of cold water and 20°C inlet temperature of cold water.

T3outside1 Tloutside,
m,, kg/m® K K Entransy dissipation rate*10°
0.822 300 322 25.33
0.685 299.5 321 26.17
0.548 299 317 23.27
0.411 298 314 18.71
0.274 297 309 13.75

Table (1.b) Entransy dissipation rate for hot oil inlet temperature of 100°C, 0.667 kg/m3 flow
rate of cold water and 20°C inlet temperature of cold water.

T3outside1 Tloutside,
m,, kg/m® K K Entransy dissipation rate*10°
0.822 302 331.5 20.52
0.685 301 329 21.02
0.548 300 328 18.01
0.411 299 325 14.24
0.274 298 320 11.19
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Table (1.c) Entransy dissipation rate for hot oil inlet temperature of 120°C, 0.667 kg/m® flow

rate of cold water and 20°C inlet temperature of cold water.

TSoutsidey Tloutside,
m;, kg/m® K K Entransy dissipation rate*10°
0.822 305 335 11.73
0.685 303 332 12.73
0.548 302 329.5 11.3
0.411 301 328 8.315
0.274 300.5 324 5.28

Table (2.a) Entransy dissipation rate for hot oil inlet temperature of 80°C, 1 kg/s flow rate of

cold water and 20°C inlet temperature of cold water.

T3outside1 Tloutsidea
m;, kg/m® K K Entransy dissipation rate*10°
0.822 301.5 330 26.8
0.685 300 326 27.55
0.548 299 324 25.5
0.411 298 322 19.61
0.274 297 316 14.69

Table (2.b) Entransy dissipation rate for hot oil inlet temperature of 100°C, 1 kg/s flow rate of

cold water and 20°C inlet temperature of cold water.

T3outside, TlOUtSidE!
my, kg/m® K K Entransy dissipation rate*10™®
0.822 299.5 321 17.01
0.685 298.5 318 18.14
0.548 297 314 15.55
0.411 296.5 312 12.18
0.274 295.5 307 9.55

Table (2.c) Entransy dissipation rate for hot oil inlet temperature of 120°C, 1 kg/s flow rate of

cold water and 20°C inlet temperature of cold water.

T3outside1 Tloutside,
m,, kg/m® K K Entransy dissipation rate*10°
0.822 304 333 10.25
0.685 302 330 11.78
0.548 300.5 326 12.15
0.411 299.5 323 9.74
0.274 298 318 7.56

Table (3.a) Entransy dissipation rate for hot oil inlet temperature of 80°C, 1.334 kg/s flow rate of

cold water and 20°C inlet temperature of cold water.

T3outside1 Tloutside,
m;, kg/m® K K Entransy dissipation rate*10°
0.822 299 320 28.07
0.685 297.5 316 28.79
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0.548 297 314 23.85
0.411 296 311 19.54
0.274 295 306 14.84

Table (3.b) Entransy dissipation rate for hot oil inlet temperature of 100°C, 1.334 kg/s flow rate
of cold water and 20°C inlet temperature of cold water.

T3outside1 Tloutside,
My, kg/m® K K Entransy dissipation rate*10°
0.822 301 329 16.07
0.685 299.5 326 17.6
0.548 298.5 323 14.66
0.411 297 319 13.47
0.274 296 315 9.92

Table (3.c) Entransy dissipation rate for hot oil inlet temperature of 120°C, 1.334 kg/s flow rate

of cold water and 20°C inlet temperature of cold water.

T3outsidea Tloutside,
m,, kg/m® K K Entransy dissipation rate*10°
0.822 302 332 10.32
0.685 301 329 10.69
0.548 300 325 10.63
0.411 299 322 8.46
0.274 297 317 7.53

Figure 1 The concentric tubes arrangement.
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ABSTRACT

With the development of computer architecture and its technologies in recent years,
applications like e-commerce, e-government, e-governance and e-finance are widely used, and
they act as active research areas. In addition, in order to increase the quality and quantity of the
ordinary everyday transactions, it is desired to migrate from the paper-based environment to a
digital-based computerized environment. Such migration increases efficiency, saves time,
eliminates paperwork, increases safety and reduces the cost in an organization. Digital
signatures are playing an essential role in many electronic and automatic based systems and
facilitate this migration. The digital signatures are used to provide many services and solutions
that would not have been possible by the conventional hand-written signature.

In the educational environment, the process of issuing the graduation certificates can no longer
be restricted to the traditional methods. Hence, a computerized system for issuing certificates of
graduation in an electronic form is needed and desired. This paper proposes a Graduation
Certificates Issuing System (GCIS) based on digital signature technology. In doing so, this
research highlights the state-of-the-art and the art-of-the-practice for some existing digital
signature-based systems in the literatures. In addition, eight intertwined elected services are
identified, namely: message authentication, entity authentication, integrity, non-repudiation,
time stamping, distinguished signing authorities, delegating signing capability and supporting
workflow systems. Moreover, this research examines nine existing systems, showing their
merits and demerits in terms of these elected services. Furthermore, the research describes the
architectural design using the Unified Modeling Language (UML) and provides the concrete
implementation of the proposed GCIS. The GCIS is implemented using Visual Basic.Net
programming language and SQL Server database management system.

Keywords: digital signature, graduation certificates issuing system, unified modeling language.
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1. INTRODUCTION

Organizations have been trying to move from a paper-intensive environment to a paper-free
environment. Word processors have replaced the writing pad and pen, spreadsheet applications
have replaced manual spreadsheets, and e-mails have supplanted handwritten letters.
Organizations are moving away from the traditional, time consuming paper processes and
searching for new and innovative technology to improve efficiency ,Zupan, 2006. As digital
technologies continue to develop rapidly, this impact on many daily tasks which rely on
technology. Many of the paper-based documents are being gradually replaced by their
electronic versions, such as e-Tickets, e-mail, online (internet) banking and e-Portfolios. These
technologies are powerful, flexible and bring huge advantages ,Chen-Wilson, et al., 2011.
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Nowadays various applications such as banking, sale-purchase and stock trading are increasing
day by day and emphasizing on electronic transaction to minimize the operational cost and
increasing the services. This need has led to the development of the new notion of electronic
document that can be generated, processed and stored in computers and transmitted over the
net. The information transmitted over these documents can be susceptible and thus need to be
protected from intruders and malicious third parties. Traditionally, in paper document this kind
of protection is provided by the written signature and thus it authenticates the document for the
communicating parties. For electronic documents, this facility is provided by means of digital
signature. Using the digital signature algorithms can provide authenticity and validation to the
electronic document ,Shukla, et al., 2012. With the development of computer engineering and
technology, e-commerce, e-government and e-finance are widely used. Digital signatures are
playing an important role in many electronic and automatic based applications ,Wang and He,
2010. Therefore, the migration from the paper-based systems to the electronic or digital-based
systems emphasizes the need for the digital signature ,Fazlagic, 2010.

Digital signatures can significantly benefit organizations by eliminating the last of the paper in
the business cycle. The ability to instantly sign and seal documents and transactions
electronically results in much shorter process cycle times, accelerated customer service and
drastic cost savings. Digital signatures provide enhanced convenience for both the customer
and the organization, while significantly reducing application processing time ,Zupan, 2006.

The remainder of this paper is organized as follows: Section 2 highlights literature review. In
addition, this section presents the problem statements and the motivation of this research work.
Section 3 presents the additional elected services that must be provided by the digital signature
beside the basic services. Section 4 gives the art-of-the-practice of related works. Section 5
gives the architectural design of the proposed system. Section 6 discusses the implementation
issues. Section 7 gives a comparison of the proposed system against the existing works. Section
8 gives the conclusion. Finally, Section 9 gives recommendations for future works.

2. LITERATURE REVIEW

Since the introduction of the concept of "digital signature" by Diffie and Hellman in their
classic paper "New Directions in Cryptography" ,Diffie, and Hellman, 1976, this subject has
been widely studied and employed in different systems. This section briefly describes the major
developments.

Josang and AlFayyadh, 2008, proposed a method for WYSIWYS (What You See Is What You
Sign) that ensures the integrity of digital documents and their digital signatures. This method
can only be directly applied to documents written with traditional American Standard Code for
Information Interchange (ASCII) characters. The WYSIWYS property articulates that the bit
representation of digital documents must be visualized consistently and as intended to the
signer by the digital signature system. ,Zefferer and Knall, 2010. introduced a circular
Resolution Database System (RDS). The circular RDS is based on the Austrian citizen card
concept and makes use of qualified electronic signatures that provide means for secure
authentication of users as well as for electronic signing of digital documents. ,Kang and Han,
2010. proposed a Threshold Proxy Signature Scheme (TPSS). The TPSS uses a warrant, which
is agreed and signed by the original signer and all proxy signers together. In a proxy signature
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scheme, the original signer is allowed to authorize a designated person as his/her proxy signer,
and then the proxy signer is able to sign on behalf of the original signer. Fazlagic and ,Fazlagic,
2010. proposed a Delegating Digital Signing Capability Mechanism (DDSCM) during a
workflow process taking into account the need for verification of digital signature and
document integrity after a document is archived. ,Zhou, et al., 2010. proposed a Threshold
Signature Scheme (TSS) with distinguished signing authorities. The proposed scheme not only
has the property of threshold signature generation, but also has the property of threshold
signature verification. Furthermore, the proposed scheme is a group oriented signature scheme
with distinguished signing authorities, in which the signers do not have to sign the whole
documents but only a part of the document. ,Liu, et al., 2011, proposed a Multi-Proxy
Signature Scheme (MPSS) with proxy revocation. The MPSSs are very useful tools when an
original signer needs to delegate his/her signing capability to a group of proxy signers. The
proxy revocation means the revocation of delegated rights for the situation where proxy signer
or signer’s key is compromised and the delegated rights are abused. It may also happen that the
original signer wants to terminate the delegated rights before the expiration of the delegation
period. Chen and Lin, 2011, proposed an Electronic Medical Record (EMR) system with a re-
signing scheme which is used to make a going-expired digital signature been resigned in time,
in keeping with the premise of not conflicting with the laws, morals and privacy while
maintaining the security of the EMR system. ,Feng, et al., 2011. proposed a Multi-Policy
Threshold Signature Scheme (MPTSS) with distinguished signing authorities. In this scheme
two groups can sign and verify each other, so the scheme is two-way signing and verifying.
Moreover, the threshold values of the two groups can change with the security classification of
the signing document and every discretionary signatory only signs a small part of the document
instead of the whole one. ,Zhang, et al., 2012. proposed a provably secure Certificateless Proxy
Signature Scheme (CLPSS). A proxy signature scheme allows a proxy signer to sign messages
on behalf of an original signer within a given context. The Certificateless Public key
Cryptography (CL-PKC) has the advantages of no certificate management and no key escrow
compared with traditional public key cryptography and identity-based public key cryptography
respectively.

2.1 Problem Statements and Motivation

The processes of issuing the various documents are still in a paper form and have been done in
a manually and routinely manner that does not fit with the technological progress and the
current age requirements and variations. Moreover, using paper-based systems is a costly
process and causes waste of precious time including the possibility of damaging and losing of
paper documents. Furthermore, the archiving process for the increasing stacks of document
papers would become very difficult to look after or sort out. The switching from paper based
work to a fully computerized work is not without difficulties. As a result, many systems have
been developed in the recent years. Eight intertwined elected services will be identified;
namely: message authentication, entity authentication, integrity, non-repudiation, time
stamping, distinguished signing authorities, delegating signing capability and supporting
workflow systems.Useful works have been done in the literature as reviewed in the previous
section. However, these systems are missing a number of services. Moreover, the combination
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of all the elected services is missing in the benchmarked systems. This combination is a
challenging process that stresses the need of a computerized workflow. Motivated by such
challenge, this research aims to solve the manual work problems and provide the combination
of the elected digital signature services mentioned before by adopting a system for issuing the
graduation certificates in the educational environment.

3. DIGITAL SIGNATURE SERVICES

Digital signature services include message authentication, message integrity, non-repudiation
and message confidentiality. A digital signature can directly provide the first three; for message
confidentiality it is still a need for using encryption/decryption techniques. Also, a digital
signature scheme can provide the entity authentication. However, ordinary digital signature
schemes are not quite enough to satisfy some practical needs ,Hwang, et al., 2013. Thus, there
are other services related to digital signature include time stamping, distinguished signing
authorities, delegating signing capability and supporting workflow systems.

3.1 Message Authentication

A digital signature scheme can provide message authentication (also referred to as data-origin
authentication). Bob can verify that the message is sent by Alice because Alice’s public key is
used in verification. Alice’s public key cannot verify the signature signed by Eve’s private
key ,Forouzan, 2010. Digital signatures can be used to authenticate the source of documents or
messages (i.e., authentication of a device, a message sent by the device and/or a person sending
the message); by creating a digital signature of a message using the private key, which can be
verified using the public key. The relationship of a public key to a user's private key allows a
recipient to authenticate and validate a sender's message. As ownership of secret key(s) is
bound to specific users, valid signatures guarantee that a document was signed by that
user ,Ahmed, et al., 2012 and ,Singh, et al., 2012.

3.2 Entity Authentication (Identification)

Entity authentication is a technique designed to let one party prove the identity of another party.
An entity can be a person, a process, a client or a server. The entity whose identity needs to be
proven is called the claimant; the party that tries to prove the identity of the claimant is called
the verifier. Entity authentication is required when Alice gets cash from an automatic teller
machine. Entity authentication happens in real time and authenticates the claimant for the entire
duration of the session ,Forouzan, 2008.

Entity authentication is the security process that validates the identity of the communicating
party. In the simplest implementation, this takes the form of a password ,Banday, 2011. The use
of a password is the simplest and oldest method of entity authentication. In password
authentication, the claimant proves his/her identity by demonstrating that he/she knows a secret,
the password ,Forouzan, 2008. Entity authentication can also be achieved using a digital
signature. When a digital signature is used for entity authentication, the claimant uses his/her
private key for signing and the verifier must use the public key of the claimant for the purpose
of verification ,Forouzan, 2007.
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3.3 Message Integrity

The integrity of the message is preserved even if the whole message is signed because it is
infeasible to get the same signature if the message is changed. The digital signature schemes
use a hash function in the signing and verifying algorithms that preserves the integrity of the
message ,Forouzan, 2007. A valid digital signature can assure the recipient the origin and the
integrity of a message ,Wu, et al., 2013.

3.4 Non-repudiation

A trusted third party is used to solve many problems concerning security services. The digital
signature with a trusted third party could be used for achieving non-repudiation service ,Wu, et
al., 2013. If in the future Alice denies that she sent the message, the center can show a copy of
the saved message. If Bob’s message is a duplicate of the message saved at the center, Alice
will lose the dispute ,Forouzan, 2007.

3.5 Time Stamping

One of the major drawbacks of digital signatures is the fact that there is no inherent certainty
about date and time at which a document was signed. A signer may have included a time stamp
with the signature. The document itself may also have a date mentioned on it. However, later
readers cannot be certain the signer did, for example, backdate date and time of the signature.
Trusted time stamping in addition to digital signatures is needed to prevent such cases of
misuse ,Sageder, et al., 2008. A time stamping service supports assertions of proof that a datum
existed before a particular time. One of the major uses of time stamping is to time stamp a
digital signature to prove that the digital signature was created before a given time ,Mir , and
Banday, 2012. In many situations, people need to certify that a document existed on a certain
date. Thus, the digital signatures are improved by including the time stamps. In doing so, the
date and time of the signature are attached to the message and signed along with the rest of the
message ,Schneier, 1996.

3.6 Distinguished Signing Authorities

For the sake of labor-division and responsibility sharing inherent in certain applications and the
group works, every discretionary signatory within the group might be required to sign or read
the partial document instead of the whole document ,Feng, et al., 2011. Under this scenario, the
document is divided into several parts and each signer signs only on the part which he is
responsible for where each signer signs a partial document that he is responsible for ,Chien,
2005. Each group member is responsible for his or her own signing of a partial document or
message ,Yoon, and Yoo, 2006. For example, a company releases a document that may involve
the financial department, the marketing department and the program office. Each entity signs
the partial message related to his work. Each signer signs the section message that he is
responsible for ,Huang and Chang, 2005.
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3.7 Delegating Signing Capability

In the digital world, the original signer delegates its signing capabilities to another person. For
example, a manager can delegate to his staff member the right to sign certain documents during
his absence, who can sign documents as a proxy signer on behalf of the manager. In such digital
schemes referred to as proxy signature schemes, the original signer is able to delegate his
signing capability to a designated person. This concept is referred to as one-to-one proxy
signature ,Fazlagic, 2010. In a proxy signature scheme, an original signer can delegate his or
her signing capability to a proxy signer and then the proxy signer can generate a valid signature
on behalf of the original signer ,Liu, et al., 2011. The simplest approach to achieve the main
goal of a proxy signature scheme is for the designator (original signer) to give its secret key to
the proxy signer, who can then use it to sign messages. In this case proxy signatures are just
standard signatures, and can be verified the usual way. This scheme called full delegation in the
literature ,Boldyreva, et al., 2012.

3.8 Supporting Workflow Systems

Nowadays, information systems must be able to deal with a highly dynamic environment.
Traditionally, workflow systems have been used by business organizations to support the
execution of business processes. In workflow literature each business process can be separated
into a set of well-defined and inter-related tasks. By controlling task execution the workflow
system ensures sequential signing. Using this workflow functionality along with digital
signature schemes provides a mechanism for multiuser document signing. Usually, definition of
the workflow process predefines the order of signing the documents. Workflow systems must
be able to handle digital signatures for different purposes. For example, workflow processes
frequently need multiple signers to sign the same electronic document, in line with the
organizational structure. Digital signature scheme also should support document verification
during and after workflow process execution ,Fazlagic, 2010.

4. RELATED WORK IN PRACTICE

This section gives the art-of-the-practice of the up-to-date digital signature-based systems. The
following subsections contain a brief description of the components and features of these
systems according to the elected digital signature services, namely: the message authentication,
the entity authentication, the integrity, the non-repudiation, the time stamping, the distinguished
signing authorities, the delegating signing capability and the supporting of workflow systems
services.

4.1 Features of the What You See Is What You Sign (WYSIWYS) System

Based on the elected services, the WYSIWYS system provides the message authentication, the
entity authentication, the integrity and the non-repudiation services. However, WYSIWYS does
not support the time stamping, the distinguished signing authorities, the delegating signing
capability and the workflow systems services ,Josang, and AlFayyadh, 2008.
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4.2 Features of the Circular Resolution Database System (RDS)

The circular RDS comprises features to create, publish and maintain electronic documents. The
main objective of this system is to increase the security of basic operations like user
authentication and the signing of digital documents. The circular RDS solution incorporates
qualified electronic signatures for two purposes. On the one hand, the application of qualified
electronic signatures is used to unambiguously and securely authenticate users by means of a
citizen card based two-factor authentication. On the other hand, created and maintained
resolutions are electronically signed in order to guarantee integrity and non-repudiation of the
particular data ,Zefferer and Knall, 2010. In addition, the entity authentication is supported in
this system. The workflow service being one of the core components of the entire RDS is
responsible for all tasks concerning the creation, signing and publishing of resolutions.
However, the time stamping, the distinguished signing authorities and the delegating signing
capability are not supported in this system.

4.3 Features of the Threshold Proxy Signature Scheme (TPSS)

The TPSS is a (t; n) threshold proxy signature scheme. In a (t; n) threshold proxy signature
scheme, the original signer can authorize (n) members of a proxy group. Moreover, only the
cooperation of (t) or more proxy members is allowed to generate the proxy signature. In the
TPSS, a warrant agreed and signed by the original signer and all proxy signers together has
been used. The computation complexity and communication cost of the scheme have nothing to
do with the size of the proxy group. Moreover, the verification of proxy signature is divided
into two steps, one is the verification of the warrant; the other is the verification of the proxy
signature. Having these properties, the proposed TPSS has less computation and
communication cost, compared with previously proposed schemes based on discrete
logarithms. It is more efficient and secure scheme ,Kang, and Han, 2010. The TPSS ensures
the message authentication, the entity authentication (identities of the original signer and the
proxy signers), the integrity of the massage, the non-repudiation and the delegating signing
capability services. However, the TPSS does not support the time stamping, the distinguished
signing authorities and workflow systems services.

4.4 Features of the Delegating Digital Signing Capability Mechanism (DDSCM) in
Workflow Systems

The dynamic nature of business processes imposes the need for the workflow management
system (WfMS) to be able to modify a process model at run-time to deal with exceptional
situations and adjust to the changing business policies. A fully computerized workflow
processes with a digital signature technology used to provide authenticity and the integrity of
electronic documents throughout the document life cycle. The delegating digital signing
capability service is achieved by using an appropriate proxy scheme integrated with the
WIMS ,Fazlagic, 2010. Furthermore, the time stamping and non-repudiation services are
supported in this system. However, the service of distinguished signing authorities is not
supported in this system.
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4.5 Features of the Threshold Signature Scheme (TSS) with Distinguished Signing
Authorities

In most signature schemes, the signer and the verifier of a signature may be a single person.
However, when one message is exchanged between one organization and another organization,
the message may require the approval or consent of several members. Under this scenario, the
signature generation and verification require more than one consenting rather than by a single
member. Threshold signature schemes are introduced to solve this problem ,Zhou, et al., 2010.
Based on elected services, the TSS with distinguished signing authorities provides the message
authentication, the entity authentication, the integrity and the non-repudiation services.
However, it does not support the time stamping, the delegating signing capability and the
workflow systems services.

4.6 Features of the Multi-Proxy Signature Scheme (MPSS) with Proxy Revocation

In some cases, the original signer may delegate his or her signing power to a specified proxy
group while ensuring individual accountability of each participant signer. The proxy signature
scheme that achieves such purpose is called MPSS, and the signature generated by the specified
proxy group is called multi-proxy signature for the original signer. The proxy revocation, i.e.,
the revocation of delegated rights is needed and it is important for the situation where proxy
signer or signer’s key is compromised and the delegated rights are abused ,Liu, et al., 2011.
The MPSS satisfies the message authentication, the entity authentication (the original signer
and the proxy signers' identities), the integrity of the massage, the non-repudiation and the
delegating signing capability services. However, MPSS does not support the time stamping, the
distinguished signing authorities and workflow systems services.

4.7 Features of the Electronic Medical Record (EMR) System

The EMR is a digital format of the traditionally paper-based anamnesis (patient's record), which
contains the complete medical case history of a patient such as his somewhat illness, current
health problems and his chronic treatments. An electronic anamnesis is meant to make the
patient’s health information more conveniently accessible and transferable between different
medical institutions and also easier to be kept quite a long time. In regard to the security
purpose, all the EMRs are embedded with both of the PKI cryptography and the digital
signature technique so as to ensure the records well-protected ,Chen, and Lin, 2011. The
digital signature that integrated to the EMRs system ensures the authentication, the data
integrity and help to verify the non-repudiation of the content. In addition, the time stamping
technique is supported in this system. However, the distinguished signing authorities, the
delegating signing capability and the workflow systems services are not supported in this
system.

4.8 Features of the Multi-Policy Threshold Signature Scheme (MPTSS) with Distinguished
Signing Authorities

There are three trusted parties involved in the MPTSS: the system authority (SA), the document
dispatcher (DD) and the signature collector (SC). SA is responsible for defining system public
parameters and generating the private keys and the public keys for signing and verifying groups
and their members. The tasks of DD are to divide the signing document into smaller
subdocuments according to the significance of the document and choose the signatories within
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the signing group for signing these subdocuments. The responsibilities of SC are to collect and
verify individual signatures generated by the signatories, to check whether the contents of the
whole document have been signed by these discretionary signatories, and to construct a group
signature from the individual signatures ,Feng, et al., 2011. The MPTSS with distinguished
signing authorities provides the message authentication, the entity authentication, the Integrity
and the non-repudiation services. However, it does not support the time stamping, the
delegating signing capability and the workflow systems services.

4.9 Features of the Certificateless Proxy Signature Scheme (CLPSS)

CL-PKC does not use public key certificates. It successfully solves the key escrow problem. In
CL-PKC, a third party called Key Generation Center (KGC) is used to help a user to generate
his private key. CL-PKC eliminates the need of certificates and does not suffer from the key
escrow problem. Therefore, it is interesting to introduce proxy signatures into CL-PKC.
Compared with proxy signature schemes in traditional public cryptography, CLPSS can
eliminate the certificate verification and burdensome certificate management. Hence, CLPSS
supports true non-repudiation ,Zhang, et al., 2012. The CLPSS ensures the message
authentication, the entity authentication, the Integrity of the massage and the delegating signing
capability (proxy signature scheme with delegation by warrant) services but it does not support
the time stamping, the distinguished signing authorities and workflow systems services.

5. THE ARCHITECTURAL DESIGN OF THE GRADUATION CERTIFICATES
ISSUING SYSTEM (GCIS)

The proposed GCIS performs different functions (activities); these functions are executed by
specific users (actors). Therefore, the design of the GCIS will be described by using the UML
diagrams to represent the interaction between the actors and the GCIS functions. The UML is a
very helpful tool in developing a specific structure according to specific requirements. Based on
the elected services related to the digital signature mentioned, the architectural design of the
proposed GCIS will be constructed by the use case diagrams.

The use case diagram specifies the functionality that the system has to offer from the

perspective of users and defines what should take place inside the system. In addition, this

diagram uses "actors" to represent the roles that users can play, and it also utilizes "use cases"
to represent what users can do with the system. Thus, the use case diagram consists of two

parts ,Al-Tameemi, 2010.

1. Actor(s): It represents someone or something that acts in the system (i.e., human beings who
will interact with the system). The classes of actors capable of using the system are
presented in the next section.

2. Use case(s): It is a special sequence of related transactions performed by an actor and the
system in a dialogue. The use cases specify all interactions within the system.

Fig. 1 shows the use case diagram of the proposed GCIS and the use cases related to each user.

6. THE IMPLEMENTATION OF THE GCIS

Before going into implementation details, it is necessary to mention that the Visual Studio 2008
(Visual Basic.Net) with the .Net framework 3.5 is used to:

33



Number 6 Volume 21 June 2015 Journal of Engineering

1. Construct the GUIs of the proposed GCIS to allow users to interact with the system.

2. Implement the cryptographic algorithms with regard to the digital signature (RSA digital
signature scheme) and the hash function (SHA-512) in addition to the encoding and
decoding techniques (UTF-8). It should be mentioned that these cryptographic algorithms
are invoked by an industrial standard APIs' built in the "Microsoft .Net" framework.

3. Access and manipulate the data or records stored in the tables of the GCIS within the SQL
Server database.

6.1 The Login GUI

The users of the GCIS gain access to the resources of the system through the login GUI. For the
purpose of entity authentication (identification) service, each user has a username and
password. The users can login by entering a valid username and password as show in Fig. 2.
The delegated user check box in the login GUI is checked only by the delegated signers for
login process, so as distinguishing them from the original signers.

6.2 The Administration GUI

This GUI is used for generating and updating the RSA key pair for the users of the GCIS and to
activate the delegating signing capabilities service. Fig. 3 shows the main administration GUI.
The administrators is responsible for accomplishing the tasks related to this GUL.

6.3 The Student's Information GUI

There are two users (with stdinfol and stdinfo2 usernames) responsible for inserting (data
entry) and updating the main students' information. The GCIS support the share access to the
system's resources. In addition, the processes of the system could be performed simultaneously
by multi-user due to adopting the client/server paradigm. Therefore, inserting and updating
processes could be performed by stdinfol and stdinfo2 simultaneously without any conflict.
Fig. 4 shows the data entry mode of the student's information GUI for a certain graduated
student.

6.4 The Student's Degrees

There are two users (with stddegl and stddeg2 usernames) responsible for inserting and
updating the students' degrees. After the login process the student's degrees main GUI will
appear which indicates that there are a certain number (between the square brackets) of
students' records ready for the inserting and/or updating degrees processes (four students'
records are ready for degrees inserting process in our case study), as shown in Fig. 5.

6.5 The Checking Process

When the data entry process of the student's information and degrees records complete
successfully then the checkers of the GCIS will be ready for accomplishing the checking
processes in order to make sure that there are no mistakes exist in the students' information and
degrees records. The checking processes could be done in parallel (i.e., simultaneously) by
eight checkers; two checkers for each class. The checkers are responsible for reviewing the
student's information, the student's degrees for the subjects, the attempt of each subject and the
year related to the specific class. Fig. 6 shows the details of the checking GUI.
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6.6 The Examination Board / Registration Unit Processes

When the checking process is finished successfully for all the graduated students, then several

processes should be performed by the examination board/registration unit before issuing the

graduation certificates in their final form. Fig. 7 shows the main examination board/registration
unit GUI and the processes related with it. Examination Board / Registration Unit Employees
perform the following activities:

1- Automatically, calculating the final averages and the ranks for the graduated students.

2- Editing the syllabus for each class including the subjects' IDs, the subjects' names in English
and Arabic languages, and the number of units for each subject.

3- Specifying the types of the required graduation certificates for each student as part of the
issuing process. These types include: the certificate of graduation and the transcript of
records in Arabic and English languages.

4- Printing the paper copies of the achieved graduation certificates. A soft copy for the finished
graduation certificates will be available as a PDF file in addition to the HTML and ASP
formats.

6.7 The Final Graduation Certificates Issuing and Signing Processes

After completing the pervious steps, all the required information for issuing the graduation
certificates will be available. Therefore, the graduation certificates in their final form will be
ready for signing. The signing process will be performed by the following signers (arranged
according to the signing process sequence): the examination board member, head of the
examination board, head of the department, the registers, the assistant dean, the dean, the issuer
(performs the process of inserting the graduation certificate's number and date), and the
manager of the higher studies and certifications, respectively.

As in real word, the order of signers should be respected. This fact is taken into account within
the internal design of the system. The verification process will be performed automatically for
the digital signature of the previous signer. In case of an invalid signature, the signing process
will be aborted until fixing the problem. Otherwise, in case of a valid signature, the graduation
certificate will appear to the current signer for the reviewing and signing purposes, as shown in
Fig. 8.

7. COMPARISON OF THE GCIS WITH THE EXISTING DIGITAL SIGNATURE-
BASE

Table.1 demonstrates the digital signature services of the GCIS compared with the existing
systems and schemes.

8. CONCLUSIONS

In this research, a number of existing systems and schemes based on digital signature have been
studied in terms of the elected services. Based on that, Graduation Certificates Issuing System
(GCIS) has been proposed. The proposed GCIS overcomes the drawbacks in the existing
systems and schemes. The proposed GCIS has been implemented by using Visual Studio 2008
(Visual Basic.Net) with .Net framework 3.5, SQL Server 2005 database and Visual Paradigm
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for UML 8. The proposed GCIS has been compared with the other digital signature based
systems. The comparison showed the advantages of the proposed GCIS over the existing
systems and schemes. In this paper, the desired elected services have been accomplished as
shown below.

8.1 Message Authentication (Data-Origin Authentication) Service

The system provides a message authentication service through the verification processes for the
digital signatures of the signers. This service is reflected in the GCIS through employing the
cryptographic digital signature algorithms (RSA digital signature scheme). When the user
(singer) signs data with digital signature (using his/her private key) someone else (other users)
can verify this signature (using the associated signer's public key), and can prove that the data
originated from the original user (singer) himself not from other user.

8.2 Entity Authentication (Identification) Service

The system provides the entity authentication service through utilizing the username and
password for user (signer). Thus, the identity of each user (signer) will be validated or proven.
This service is employed for the purpose of login process in order to gain access to the system’s
resources.

8.3 Integrity Service

The system employed the digital signature algorithm for the purpose of signing and verification
processes. The digital signature schemes imply the using of the one way hash function to
provide the integrity service. Thus, any unauthorized change for the content of the data records
will be detected and that will ensure that the received data are exactly as signed by the original
signer.

8.4 Non-repudiation Service

Since the system is employing the client/server paradigm, a trusted database server in
association with the digital signature technology has been used for providing the non-
repudiation service. Thus, the users of the system will not be to deny their activities within the
processes of the system.

8.5 Time Stamping Service

The system provides time stamping services through using a stored procedure within the main
database to return the current system date and time of the main server. This time stamp will be
appended to the data record and digitally signed along with it. Thus, the time stamp service has
been accomplished. In addition, the conflicts of the clients' computers time stamps have been
avoided.

8.6 Distinguished Signing Authorities Service

The system provides the distinguished signing authorities service for the purpose of labor-
division, responsibility sharing, saving efforts and time. This service is exactly reflected in the
checking process within the system, in which the student's degrees record has been checked by

36



Number 6 Volume 21 June 2015 Journal of Engineering

separated groups of checkers (two checkers for each class). Thus, the signers (checkers) do not
have to check and sign the whole student's degrees record but only a part of it.

8.7 Delegating Signing Capability Service

The system provides the delegating signing capability due to changing or absence of the
original signer or for any other reason; therefore, another user (signer) will be delegated to sign
the final graduation certificates. This service is exactly reflected in the system through filling
the delegation form to designate another user (signer) for signing purposes instead of the
original signer.

8.8 Supporting Workflow Systems Service

This system is divided into intertwined processes; the execution of each process is dependent
on the previous process, which means it could not execute a certain process until completing
the process which is related on. This service is reflected in the system, for example the student's
degrees inserting process could not be performed until finishing the inserting process of the
student's information.
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Figure 1. The use case diagram of the GCIS.
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ABSTRACT

Phase change materials (PCMs) such as paraffin wax can be used to store or release large
amount of energy at certain temperature at which their solid-liquid phase changes occurs. Paraffin
wax that used in latent heat thermal energy storage (LHTES) has low thermal conductivity. In this
study, the thermal conductivity of paraffin wax has been enhanced by adding different mass
concentration (1wt.%, 3wt.%, 5wt.%) of (TiO,) nano-particles with about (10nm) diameter. It is
found that the phase change temperature varies with adding (TiO,) nanoparticles in to the paraffin
wax. The thermal conductivity of the composites is found to decrease with increasing temperature.
The increase in thermal conductivity has been found to increase by about (10%) at nanoparticles
loading (5wt.% and 15°C).

Key words: phase change materials (PCM), LHTES, thermal conductivity, TiO..
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1. INTRODUCTION

Thermal energy can be stored when a change in internal energy of a material as sensible and
latent heat. And it will be important energy management with emphasis on efficient use and
conversation of the waste heat and solar energy .Energy storage plays important role in conserving
the over demand of energy. ,Abhat, 1983, gave a useful classification of the substances used for
thermal energy storage as shown in Fig.1.

In sensible heat storage, thermal energy is stored based on the specific heat capacity of the
material. Here the temperature of the material varies and does not undergo any phase transformation
during charging or discharging cycles, for example: water, copper, cast iron ,Garg and Prakach,
2002. And in latent heat storage system the process of storing and retrieving the thermal energy is
based on the latent heat of fusion, where storage medium undergoes a phase transformation. The
heat stored during the phase change process of the material is called latent heat. As the source
temperature increases the chemical bonds of the material breaks up which leads to the
transformation from one phase to other, Sharma, et al., 2009. Here the temperature is almost
constant with less temperature swing. Latent heat storage materials can be classified based on
temperature, phase transition and compounds used to: Organic PCMs and inorganic PCMs. A phase
change material PCM which contains carbon atom is known as organic PCM, so phase change
materials PCMs is a kind of very important latent heat energy storage materials with the general
chemical formula (CnH2n+2) are categorized under paraffin, where the heat of fusion and melting
point increases with the increasing value of carbon atom number, Abhat, 1980. Paraffin having 5 to
15 carbon atoms is liquid at room temperature, and those with more carbon atoms are waxy solid.
PCMs have wide applications in many fields, such as refrigeration and air-conditioning systems,
solar energy systems, heating and cooling of building. It has attracted great interest in recent years ,
,Qinbo He, et al., 2012. Few of the advantages of using organic PCM are no tendency to segregate,
chemically stable, high heat of fusion, no tendency of sub-cooling and compatible with all
containers except plastic at high temperature. Some of the demerits are low thermal conductivity,
sometime flammable and mildly corrosive, Garg, and Prakach, 2002.

Many researchers have carried out similar studies for the heat transfer performance of
nanofluids. For example, Lee and Choi, 1996, had tried to use nanofluids and miniature heat
exchangers constitute efficient cooling system. In recent years, nanofluids have been employed to
enhance the heat transfer in PCMs for energy storage, due to its desirable properties of high thermal
conductivity. Xie HQ, et al., 2002, revealed that the thermal conductivity of Al,O3 nanofluid was
higher than that of the base fluid and increased with increasing nanoparticle concentration level.
The enhanced thermal conductivity ratio decreases with an increase in PH value, from (PH 2.0 to
PH 11.5). They also found that the thermal conductivity of nanofluids varied with particle size and
the optimal particle size for thermal conductivity enhancement was (60nm). Khodadadi and
Hosseinizadeh, 2007, studied the phase change process of Cu-H,O nanofluids by using numerical
simulation method. The nanofluids shows the preferable thermal energy storage characteristic, the
heat release rate is high than that of pure water. Wu et al., 2009, investigated the thermal properties
of (Al,03-H,0) nanofluid they concluded that the supercooling degree was reduced by 70.9% with
suspending 0.2 wt.% Al,O3; nanoparticles in water. Ho and Gao, 2009, studied the effective
thermophysical properties, such as latent  heat of fusion, density, dynamic viscosity and thermal
conductivity of n-octadecane PCM embedded with Al,O3 nanoparticles with the composition of 5%
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and 10%. Prepared by emulsifying alumina by means of non-ionic surfactant. The change in the
values of melting temperature, freezing temperature and latent heat of fusion is given in Table 1.

Shin and Banerjee, 2011 studied the high-temperature silica-nanofluids for soler thermal
storage application, the specific heat capacity of the nanofluid was enhanced by (14.5%).
Qinbo He, et al., 2012, investigated the thermal properties of TiO, nanoparticles in saturated BaCL;
aqueous solution, they concluded that the thermal conductivities of nanofluids PCMs is enhanced
by (12.76%) at (-5°C) with volume fraction (1.13%).

Parameshwaran, et al., 2013, investigated the performance of organic ester by incorporating
silver nanoparticles in terms of latent heat capacity, thermal conductivity, and heat storage and
release capabilities. Report shows, latent heat capacities decreased by (7.88%) in freezing and
(8.91%) in melting whereas thermal conductivity of composite PCMs increased from (0.284 to
0.765 W/m.K). Alhamdo, et al., 2013 studied thermal conductivity enhancement of paraffin and
natural waxes composites by employing four different high conductivity additives in filtrated within
waxes. It was found that for copper network (CN) composite with (6%) additives, the charging and
discharging time decreased by (26.4%) and (30.3%) respectively, than that of pure wax and the
thermal conductivity enhanced by (2.57) times than of pure wax.

The aim of this work is to present a method to enhance the thermal conductivity of paraffin
wax as PCM by adding different mass concentration of nanoparticle (TiOy).

. THEORETICAL FORMULATION

Generally paraffin based PCMs have low thermal conductivity, during the discharge the thermal
energy from liquid PCM is released and a layer of solid PCM develops on the container wall.
Thermal resistance of this layer increases with increasing thickness, thus diminishing heat transfer
rate ,Sharma, and Sagara, 2005. To overcome this problem nanoparticle (TiO,) has been added
into the PCM, due to its bigger specific surface area and with small size surface energy. The
experimental temperature records have been used in theoretical formulation. The following
assumptions and boundary conditions were used in the modeling:
1.The study case is transient state because the temperature is changing over the time.
2. The inlet of the test section defined as velocity inlet with velocity magnitude of 7m/sec and
constant temperature for the heat transfer fluid of 76°C (during charging) and 12°C (during
discharging).
3. The outlet portion of the test section was considered outflow boundary. This is intended to use
with incompressible flow.

Fig. 2 shows a physical representation of the numerical model. The governing conservation
equations are as follows , Alhamdo, et al., 2013.
< Continuity equation: Vu=0 (@))
¢ Momentum equation:

] R
Pwr .a—Ltl =—VP +uV?u )
Where P: Pressure gradient

% Energy equation:
The enthalpy of a material is ,Alhamdo, et al., 2013.
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H=Hsensible +Hiatent (3)
T
& Hsensible =Hret + fTref deT (4)

Where: Hrs = Reference enthalpy, kJ/kg.
Trer= Reference temperature, °C.

The latent heat content can be written by latent heat of the material and L:

Hiatent= ﬁ-L (5)
Where £: Liquid fraction and can be defined as:

ﬂ=0 if T<7%sotidus

,B =] if T>7liguidus

L= (7" 7 sotiau)( 7 viguidus — L soticus) if 750tidus<T<7Tliguidus (6)

The energy equation is written as ,Alhamdo, et al., 2013.
2 (pH ) + V. (ptiH) = V.(KVT) + S @

Where S: Dissipation function. This function includes the energy transformed into heat due to the
fluid shear stress.

The thermal conductivity is an important property of PCMs because the rate of energy storage or
release is highly depended on the thermal conductivity of materials. PCMs are used for thermal
energy storage in environments with temperature variation. Therefore, it is important to know the
thermal conductivity of the PCMs in both solid and liquid states of the temperature range of interest.
Many theoretical works had carried out to estimate the thermal conductivities of the composite. The
equation used to calculate the thermal conductivities of the composite given by, ,Bhattachary, et
al., 2004.

ke =@y xkp + (1= @y) * kf (8)

Wherek. , kpand krare thermal conductivities of the composite, nanoparticle and the matrix
respectively. The relationship between volume fraction ¢,, and weight fraction ¢,, ,Bhattachary, et
al., 2004.

@y = (Mp * pc) /(M * pp) = Qy * (pc/pp) 9)

The mass fraction associated with volume fraction of the samples is shown in Table 2. Table 3.
shows the properties of nanoparticle (TiO2) and PCM.

3. EXPERIMENTAL TEST RIG
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Fig. 3 shows the experimental test rig. Experimental test rig consists of the components
required as shown schematically in Fig. 4 such as, the flow unit which contain refrigerated air
operates by a three phase electric motor, the heating unit which contain three electrical helical
heaters (600 Watt, each) used for heating the test section and the duct section which has a square
section (15x15) cm?with a length of (210 cm) the test section placed at the last (60cm) of the duct.
(120) spherical capsules filled with (25g) of PCM have been packed inside the test section. The test
rig insulated by using a layer of glass wool.

4. MEASUREMENT INSTRUMENT

Temperature and air velocity were measured by measuring devices. Thermocouples of (T type)
were used to measure the temperatures of PCM and air at five different locations along the axial
direction in the test section and recorded by using digital thermometers. Five special spherical
capsules having thermocouples are locate at the center line of the test section at axial location of
(X/L = 0, 0.25, 0.5, 0.75 and 1). Thermal camera (Ti32) was used to measure the surface
temperature of the test capsules, as shown in Fig.5. A digital vane-type anemometer was used to
measure the average air velocity at the inlet and outlet of the section. The measurement test is
carried out at A/C laboratory in Mech. Eng. Dept. /College of Engineering/AL-Mustansiriya
University.

5. RESULTS AND DISCUSSION

In the present study, the results of improvement of thermal conductivity of PCM for thermal
storage of charging and discharging process are presented here.

Fig. 6 shows photograph images, thermal images of PCM and changes in thermo- physical
properties with respect to different weight% of nanoparticle TiO, at 60°C and after 15 minute, also
it shows three dimensional images and the temperature distribution. It can be noted, the melting
process occurs faster with increasing mass fraction of nanoparticles TiO, compared to that of pure
paraffin because of the high surface energy with so small size to nanoparticles

Fig.s 7, 8 and 9 show the temperature distribution of the PCM along the axial direction of the
test section at (X/L=0, 0.25, 0.5, 0.75 and 1) with flow rate of (7m/s). It can be observed for
charging process, at (X/L = 0) the PCM melt faster than the other locations because it absorb most
the energy carried by the heat transfer fluid, where the flow over the capsules mentioned along the
test section, this energy decreased gradually until the last PCM capsules in the end section have less
energy to melt. The heat transfer processes between the PCM and heat transfer fluid enhanced and
become more active by (11.5%) in the adding mass fraction (5 wt. %) of nanoparticle TiO,, because
the thermal resistance becomes smaller.

In discharge process a reveres process take place to release the energy absorbed. It can be noted
that the first capsules solidify faster than the others, and the solidification occur faster than the
melting, due to low thermal resistance of liquid PCM. The adding different mass fraction of
nanoparticle TiO, in PCM enhanced the heat transfer process between PCM and heat transfer fluid.

Fig. 10 shows the temperature distribution of the PCM with different weight fraction of
nanoparticle (TiO;) during charging and discharging processes. It can be noted, nanoparticle (TiO,)
was added into PCM to improve thermal storage performance. Thermal storage (charging) and
release rate (discharging) were increased by (0.95) times and (1.5) times respectively at (50°C), as
compared with the PCM without nanoparticle (TiOy).
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Fig. 11 shows the latent heat at different mass fraction of TiO, nanoparticle. As can be seen the
latent heat of fusion of composite PCMs decreases with increasing mass fraction by (4%). The
decrease can be attributed to two reasons: The first is that the nanoparticle specific heat is lower
than the PCM specific heat which decreases the overalls thermal absorptance of the composite
PCM. The second reason is that the nanoparticles change the molecular arrangement of the PCM
crystals which affects on the ability to melt which eventually affect the latent heat of fusion. Hence
the thermal property of system is affected ,Cai et al., 2008.

Fig. 12 depicts the enhanced thermal conductivity (K) as a function of mass fraction of
nanoparticles TiO, at three test temperatures. It seen that thermal conductivity decreases by (0.17%)
with increasing temperature, but it increases with increasing loading of the nanoparticles TiO,. When
the mass fraction is (5 wt. %) and temperature is (15°C) thermal conductivity is increased to (10%).
However, the enhancement of thermal conductivity may be due to the dynamic viscosity.

6. CONCLUSIONS

In the present work, the following conclusions have been found:

1. The heat transfer process has been found to enhance by (11.4%) with adding mass fraction
of (5 wt. %) nanoparticle TiO..

2. The solidification is found to occur faster than the melting due to low thermal resistance.

3. Thermal storage and release rate were found to increase by about (0.95) and (1.5)
respectively times at (50°C) as compared with the PCM without nanoparticles loading.

4. Increasing of nanoparticle TiO, concentration leads to a decrease in PCM latent heat of
fusion by (4%), but with significant increase in composite PCM thermal conductivity.

5. Thermal conductivity decreases with increasing temperature by (0.17%), on the other hand, it
increases with increasing of nanoparticle TiO; loading by (10 % ) at mass fraction (5 wt.%)
and temperature is (15°C).
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NOMENCLATURE

Cp= specific heat at constant pressure, kJ/kg.°C.
D= diameter of capsule, m.

H= specific enthalpy, kJ/kg.

K=thermal conductivity, W/m.°C.

L= length of test section, m.

M=mass, kg.

U= velocity, m/s.

GREEK SYMBOLS

V= gradient, dimensionless.
p=dynamic viscosity, N.s/m?.

@, =particle volume fraction, %vol.
¢ow= particle weight fraction, %wt.
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Table 1. Variation in melting, freezing temperatures and latent heat of fusion as a function of
different weight % of Al,O3 nanoparticle, Ho and Gao, 2009.

Mass fraction of Melting Freezing Latent heat of
nanoparticles (wt.%). temperature temperature (°C) fusion
(°C) (kJ/kg)
0 26.5 25.1 243.1
5 26 25 225.6
10 26.3 25.3 212.3

Table 2. The wt. % associated with vol. % of the nanoparticle sample at 20°C.

wt.% vol.%
2.57

3 2.68
5 2.798

Table 3. The properties of nanoparticle TiO, and PCM.

. Thermal - Meltin
(Dker}f:]t% conductivity Sp(e;;:j |c£)e at temperatgre
’ (W/m.K) 9 c)
TiO2
(dp=10 nm) 4230 8.4 710 .
PCM
(paraffin wax) 785 0.214 2871 62-68
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Figure. 1 Classification of energy storage materials, Abhat, 1983.
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Figure. 2 Schematic diagram of the numerical model.
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Figure. 3 Experimental test rig.
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Figure. 4 Schematic diagram of the experimental apparatus.

Figure. 5 Thermal camera.
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Abstract

T e different parameters on mechanical and microstructural properties of aluminium alloy
6061-T6 Friction Stir-Welded (FSW) joints were investigated in the present study. Different
welded specimens were produced by employing variable rotating and welding speeds. Tensile
strength of the produced joints was tested at room temperature and the efficiency was assessed,
and it was 75% of the base metal at rotational speed 1500 rpm and weld speed 50 mm/min.
Hardness of various zones of FSW welds are presented and analyzed by means of brinell
hardness number . Besides to these tests the bending properties investigated and showed good
results in some specimen and not in another. The mamximum stress was 240 N/mm? at rotational
speed 1500 rpm and weld speed 50 mm/min , while the maximum stress at 1250 rpm and 75
mm/min was 94 N/mm? . Hardness results showed lower values in heat affected and nugget
zones than the base metal with improving of hardness at 1500 rpm, 75 mm/min .

Key words: friction stir welding , 6061 T6, mechanical properties.
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1.INTRODUCTION

Friction stir welding (FSW) has proven to be an effective joining technique for a variety of
different materials, including metals and polymers. Metals with low melting temperatures such
as aluminum and copper were among the first to be joined by this technique using a steel tool
Heidarzadeh et al., 2012." Friction-stir welding (FSW) is a solid-state joining process utilizing a
rotating tool consisting of a pin and tool shoulder that applies severe plastic deformation and
frictional heating into the joining materials. The benefits and uniqueness of the FSW have been
well established for many light-weight metals and alloys that have difficulties in joining by the
conventional fusion welding methods. The frictional heat and severe plastic deformation
involved in the FSW, Wanchuck et al.,2008. Aluminum alloys are important for the fabrication
of components and structures which require high strength, low weight or electric current carrying
capabilities to meet their service requirements. Among all aluminum alloys, AA 6061 alloy plays
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major role in the aerospace industry in which magnesium and silicon are the principal alloying
elements. It is widely used in the aerospace applications because it has good formability,
weldability, machinability, corrosion resistance and good strength compared to other aluminum
alloys. When using the conventional arc welding techniques, long butt or lap joints between AA
6061 and other aluminum alloys are particularly difficult to make without distortion because of
high thermal conductivity and special welding procedures and high levels of welder skill are
generally required AA 6061 Aluminum alloy cannot be TIG welded without filler wire because
it leads to solidification cracking due to its chemistry The mechanical properties of the alloys
are affected not only by their chemical composition but also by their condition, e.g. annealed,
cold worked, precipitation hardened. The work pieces are secured against the vertical,
longitudinal and lateral forces, which will try to lift them and push them apart during the process
Indira, 2011. This highly plasticized material provides for some hydrostatic effect as the rotating
tool moves along the joint, which helps the plasticized material to flow around the tool. The
plasticized weld material then coalesces behind the tool as the tool moves away show Fig.1.

The basic concept behind FSW is simple: The non-consumable rotating tool with a specially
designed pin and shoulder is inserted into the abutting edges of the two parts to be joined and
traversed along the line of joint Mohamadreza et al., 2011. The FSW process mechanism and
the tool geometry are shown in Fig. 2, Adamowski et al, 2007.

The tool is plunged into the part at a specified spindle speed and plunge rate until the shoulder
makes contact with the material to be joined. Following a brief dwell period, the rotating tool
advances along the weld path at a specified traverse rate and spindle rotation speed. The
combination of heat input and tool geometry cause the material along the boundaries of the weld
region to deform and mix together to form a solid joint ,Thomas and Robert, 2009. Aluminum
alloys of 2xxx, 6xxx and 7xxx series have been considered for substantial use in these industries.
This ensues from their desirable strength to weight ratio, excellent formability, appropriate
weldability and acceptable corrosion resistance. Depending on the specific application, corrosion
behavior is a significant factor of a welded joint ,Fahimpour et al., 2012. As a result, the FSW
shows a unique grain structure influenced by the severe thermo-mechanical deformation,
recovery, and/or recrystallization at elevated temperatures during welding.

2. EXPERIMENTAL PROCEDURE

2.1 Material

Wrought 6061-T6 aluminum sheets having 4 mm thickness defined by code B0209-04 ASTM
standard were welded together by FSW method .The plates were cut and machined into
rectangular welding specimens of 200 mm x 100 mm cross-section. A schematic diagram of
FSW plate dimensions is shown in Fig.3

Chemical composition and the mechanical properties of base metals are presented in Tables 1
and 2 respectively. The initial joint configuration was obtained by securing the plates in position
using mechanical clamps. The direction of welding was normal to the rolling direction. Single
pass welding procedure was used to fabricate the joints. Trial experiments were carried out to
find the working limits of welding parameters. The welding parameters used to fabricate the
joints are presented in Table 3.

2.2 Tool
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A CNC perpendicular milling machine used to weld the plates, and cylindrical tool steel X38
with (16mm ) shoulder diameter and (5mm) pin diameter with plunging depth equal to 3.9 mm
as shown in Fig. 4.

Welding system fixed at the machine with clamps and fixtures made of carbon steel as in Fig.5

2.3 Welding Parameters

The friction stir welding parameters was listed in Table 3. All welds were produced using the
same tool, but varying rotational and welding speed. Two welded samples were produced for
each weld parameter, in order to have samples for mechanical testing.

3. MECHANICAL TESTS
To the marked welding parameters tensile, bending and hardness tests done to the welding
results as follow:

3.1 Tensile Test
It done at room temperature by using testometric apparatus and specimen dimensions ASTM E8
as shown in Figs. (6- A and B)

3.2 Hardness Test

A brinell hardness number method used to observe and determine the hardness value under 187.5
kgr load for six welding test specimens at seven points (five in welding region and two at the
base metal) . A brinell hardness number test was used to investigate the hardness of the welded
joints at 60 sec time loading.

3.3 Bending Test

Root and face bend tests were used as an important tool to understand the ductility and
toughness of friction stir welds bending, bending, the specimens are show in Fig. 7. The
dimensions of bending specimen are 10 mm width and 100 mm length.

4. RESULTS AND DISCUSSIONS

Many types of defects can be observed from the overall cross-sectioned samples, like flash,
voids and tunnel defects, flash defects could be seen in Fig. 9. Most of the as-welded specimens
are free of tunnel defects as shown by eye that no defected line was noted long the welding line.
This indicates that tunnel defects can be fully vanished in a relative broad parameter range. With
the increasing of the shoulder diameter, So, it can be considered that, using a welding tool with a
relative bigger shoulder is helpful to vanish tunnel defects in FSW ,Lei et al.,2012. The
parametric boundaries investigated in the present study have been defined based on previous
experience in welding of the non- reinforced alloy 6061 , Raghu et al., 2008.

4.1 Tensile Results

In all cases the samples failed in NZ and the results are presented in Fig. 10. This can be
attributed to the decreased heat input and relative limited softening of the HAZ ,Vladvoj et
al.,2005 and because of the loss of strength (under matching). The stirring of the tool has a
substantial influence on the reinforcement particle distribution and shape. It breaks off the sharp
edges of the bigger particles and rounding them up at the same time. This action results in
smaller, round particles in the nugget ,Raghu et al., 2008. From Fig.8, the results were different
according the parameters and the value of the ultimate tensile stress was 75% of the base metal at
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rotational speed 1500 rpm and weld speed 50 mm/min. yield and ultimate tensile values of
welded samples are shown in Table 4.

4.2 Hardness Results

Fig. 11, represents the hardness diagram of the joint FSW. The hardness of both the heat affected
zone (HAZ) and the nugget zone (NZ) are lower than that of base metal (BM),but at speed
1500 rpm and 75 mm/min there is improving in the weld nugget zone and heat affected zone in
spite of the still of high properties in the base metal ,also a difference between HAZ, NZ
properties , the difference between HAZ (heat affected zone) and NZ (nugget zone) is
attributable to the grain refinement in NZ (nugget zone) , caused by intensive stirring. The
softest points of the joints correspond to the failure locations in tensile tests, should be
noted that a local material softening occurs in the weld because of the thermal action of the
welding process; in particular a localized softening in the NZ (nugget zone) is observed. Note
that results will show increasing in hardness from center to the parent metal and the lowest value
is observed in the nugget zone ,Adamowski and Szkodo, 2007. The results of hardness due to
the welding process and to the tool pin action, a reduction of the density of such particles is
observed with the utilized instrument , Barcellona et al., , 2006 .

4.3 Bending Results

Some FS welded aluminium alloy 6061-T6 samples did not fail in bend test at 1500 rpm and 50
mm/min speed and 2000 rpm and 50 mm/min. The parts have been tested utilizing a customized
bending test with the aim of highlighting their behavior it showed a very good bending results
they stay successful in high load without failing it ensure the high quality of welding at some
parameters, bending results are shown in Figs.12 and 13.

5. CONCLUSIONS

1. FSW was successfully at medium rotation and weld speed .

2. Reducing the plunging depth and the weld speed that will decrease the flash defects.

3. By softening the tool surface and the shoulder and pin surfaces voids could be reduced or not
appears in weld results.

4. Hardness drop was observed in the weld region. The softening was mostly evident in the heat
affected zone on the advancing side of the welds. This zone corresponds to the failure location

in tensile tests ,Raghu et al., 2008.

5. The material flow around the off-center features is more complicated than the conventional
centered pin. It appears that higher temperature allow better material flow and joint strength with
the new tool ,Mishra et al., 2007 .

6. Some FSW welded aluminium alloy 6061-T6 samples did not fail in bend test at 1500 rpm
and 50 mm/min speed .

7. The efficiency of welded metal is 75 % of the base metal at 1500 rpm and 50 mm/min.
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Table 1. Chemical compositin of 6061 alloy , Fahimpour et al., 2012.
Al | C | M| M|Fe|Si|Cr|Ti|P
oy | uj|g|n b
606 {0.1/1.0]|01|06|06|02|0.0]0.

1 9 7 2 4 5 1 2 |05

Table 2. Mechanical properties of base metal 6061 T6 alloy ,Adamowski et al., 2007.

oyield cultimate E % VHN
Mpa Mpa
235 283 22 100

Table 3. Welding parameters.

Samples | Rotaiting | Weld | Plunging | Reheating
speed speed depth time Sec
rpm mm/min mm
F1 1250 50 3.9 60
F2 1250 75 3.9 60
F3 1500 50 3.9 60
F4 1500 75 3.9 60
F5 2000 50 3.9 60
F6 2000 75 3.9 60

Table 4. Yield and ultimate tensile results of welding samples.

Samples Ultimate Yield
of tensile stress

welding stress N/mm?

N/mm?

F1l 198 59
F2 115 34
F3 215 64
F4 125 37
F5 150 45
F6 201 60
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Figure 5. Welding clamping and fixtures system.
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Figure 12. Bending sample result at 1500 rpm , 50 mm/min.
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Figure 13. Bending results curve.
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Coagulation - Flotation Process for Removing Oil from Wastewater Using
Sawdust+ Bentonite

Ass. Prof. Dr. Abeer Ibrahim Alwared Noora Saad Faraj
College of Engineering / University of Baghdad College of Engineering / University of Nahrain
abeerwared@yahoo.com nano_8098@yahoo.com
ABSTRACT

In many industries especially oil companies in Irag consumed large quantities of water which
will produce oil-contaminated water which can cause major pollution in agricultural lands and
rivers. The aim of the present work is to enhance the efficiency of dispersed air flotation
technique by using highly effective and cost-efficient coagulant to treat gas oil emulsion. The
experimental work was carried out using bubble column made of Perspex glass (5cm I.D,
120cm height). A liquid was at depth of 60cm. Different dosage of sawdust +bentonite at ratio
of 2:1 (0.5+ 0.25; 1+ 0.5 and 2+1) gm and alum at concentration (10,20and30mg/l) at different
pH (4 and 7) were used to determine optimum dosages of coagulant. Jar test experiment showed
that optimum dosage of (sawdust +bentonite) was (1+0.5gm) and alum concentration was 30
mg/l at pH=4.

The present study was conducted to evaluate the effect of various parameters pH (3, 4,7and 9);
air flow rate (300, 500, 1000, and 1500 cc/min); initial oil concentration (300 up to 1000 ppm);
concentration of Sodium dodecylsulphat surfactants ,SDS (25, 75and 150mg/l); and the effect of
the addition coagulant (sawdust + bentonite at ratio 2:1) and alum (30mg/l) in the removal
efficiency of oil from wastewater by coagulation —flotation process.

The study showed that the removal efficiency of COD, oil content and turbidity were related
to the initial oil concentration; additive concentration of SDS and dosage of coagulants. It was
found that the flotation rate increases when using coagulants, the fastest removal rate was
obtained when pH 4 and also the higher removal efficiency achieved was for flotation (87%)
and (95.7%) sawdust +bentonite; (97%) for alum in coagulation — flotation process.

Key words: oily wastewater; sawdust+ bentonite; alum; coagulation -flotation

Cagll g + il 3 LET Jlaniaaly 45 glall slaall Cpa 3 A1 3N ag gaill g Al

GJé A 0 g (g™ 94 ?gA‘J-}‘ Juss 4 ,?,i
R J.@._ﬁ\ Ji.ut_; — i.ug_'a«.l\ :\.JS J‘Ji_j :&aal..; — :&.ud_'\.@.j\ 3\:\15
nano 8098@yahoo.com abeerwared@yahoo.com

71


mailto:abeerwared@yahoo.com
mailto:nano_8098@yahoo.com
mailto:nano_8098@yahoo.com
mailto:abeerwared@yahoo.com

Number 6 Volume 21 June 2015 Journal of Engineering

AadAll

5 5Ll aloe Lo e o gun 0 g olaal) (e BpnS e llgin 31 yall b Jadil) il 5 ald y lelivall (o waall b
D5 Aae 0 ozl HY) G 5aS gl sy o) (S g Jadilly

Gl Zold Aad ) AL Ad 5 ida 3 go pladiuly of sell ay 928 08 8e LS 3 3a% g8 Jaal) 138 (g Cargll

120 4lii)) s ans 5 Aol o) S sall zla ) e f siomall mr sl 3 gae aladinly el Jeadl 365 &5 sl
s 60 o Jild) g1 5) s 5 (s

Adisae 380 yig a2 (142 50.5+1 50.25+0.5) 1: 2 Awwiyy i il Quial) 5 L5 Jagld e Adlida Cile ja aladiul o3
de ja el CulS 5 pall Hlial) Jleaiuly (7 5 4) apaalall Aol (e Alide ad dic 5 jil/aale (1305 20 5 10) i) o
Ay aie 31/ &) yaole 30 OS5 il 58 55 Jaadl g (ale 0.5+ 1) il cpla + lall 3 5L55 5 iaal) salall (e

4 =4

a= 1500 51000 5500 5300 )s!sed) 3835 Jarage (9 575453 ) Anaalall Alall Adline Jal so 588 4l jo o3

5755 25)SDSeakand) 25l Lmilall ol sall 3 55 (S pile 1000 sin 300 ) dadill 631 58 il e (438 /

Adee & S/ aale 30 @8l 5 (a,20.5+1) Cybsiill (e + adall 55l 5 i) ol sall 5l 5 ¢ (Lilpale 150
psadlly il

die ¢ 3 jiad) 3 el SDS JI 33le Adlal die &3 5 Sall 5 Cu 3l (s giae ¢ COD A3 el o Al Hall cuiy

sel O G Do sl a5 LS 4 = Lpaala dls vie ClS A ) gl o) e dsmandl &5 ¢y 30 V) 58 5l )

adall 3l aladiul die (%95.7)ilS 4y gaill g 881 85 (%87) hath ay gail) 2 gac 8 g sk Juadl A ) BelS
cdll ahadiuldie (£97)s cwgidl pla +

arsnll g Al ¢ adll ¢l gl Gada 4 cadall s i ¢y 3l A la Bl Ay ) cilalSl)

1. INTRODUCTION

The threat of oil pollution increases with the expansion of oil exploration and production
activities, as well as the industrial growth around the world. The study on the treatment of oily
wastewater is a critical issue to the environmental protection as oil caused problems to the
wastewater treatment facilities ,Wabhi et al., 2013.

Oil is one of the important contaminants in water and causes the wastewater problems in
environments. In practice, this can form various types of oily wastewaters; for instance, soluble
oil in water, emulsion with or without surfactants or floating film ,Painmanakul et al., 2009.

Major spills, such as pipeline, tanker or storage tank accidents, create an acute problem of
pollution. On the other hand, continuous low-level inputs are rarely noticed, and pose a serious
threat to the environment as contamination accumulates. Therefore, diesel hydrocarbons create a
world-wide problem of contaminated water and soil that require decontamination.

Diesel causes eye and skin irritation in humans, but otherwise its effects on humans are
considered to be poorly investigated ,Muzyka et al., 2002.

Standards and regulation were adopted for discharge of oily wastewater into surface water or
sewage systems. These regulations may vary from country to country, and even within a country
itself. Environment Canada (1976 b) has established a discharge limit for oil and grease of 15
mg/L at federal establishment. The allowable oil concentration for discharge into water bodies
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are 2 to 10 mg/L and 5 mg/L in Germany and Switzerland, respectively. The allowable
hydrocarbons and its derivatives discharge into water bodies about 3 mg/L in Iraq ,lraqi
preservation law, Law No. 2, 2001.

Flotation separation is a primary water treatment process. Numerous studies on the potential of
using flotation unit to remove oily emulsions have been reported by Weltz et al., 2007 ,Xiao et
al., 2007 and ,Painmnakul et al., 20009.

Gas flotation units work by introducing small gas bubbles into the wastewater being treated. The
gas bubbles acquire a small electronic charge, opposite that of the oil droplets. As the gas
bubbles rise through the oily wastewater, oil attaches to the bubbles ,Bradley, 1990 and Arnold
and Stewart, 2008. Flotation units use two distinct methods for producing small gas/air bubbles
needed to contact with water: pressurized gas/air injection and induced gas/air ,Cline, 2000.

Flotation units typically serve as a preliminary step for water treatment in removal of
suspensions and emulsion due to small differences in the density of continuous phase and of
particulate phase. Flotation is an alternative as it has high efficiency as well as low
operating cost ,Rubio et al., 2002.

Generally, flotation separation can be divided into two types: (1) dispersed air flotation and (2)
dissolved air flotation, (DAF).

Coagulation is the addition of chemicals and the provision of mixing so that particles and
some dissolved contaminants are aggregated into larger particles that can be removed by solids
removal processes such as sedimentation, dissolved air flotation, rapid filtration or membrane
filtration Fig.1 illustrates the process of coagulation, flocculation and flotation ,Dempsey, 2006.

Saatci et al., 2001, studied the efficiency of treating vegetable oil factory wastewater by using
the DAF coagulation with lime and alum; their analyses have shown that COD concentration of
wastewater depends on its oil and grease content. This means that COD load could be
importantly decreased with a decrease in oil and grease concentration.

The efficiency of wastewater treatment increased depending on the reduction of pH. And they
concluded that the amount of sludge produced was reduced to 58 % compared to lime treatment
and it was shown that clay could be an alternative to lime.

Soletti et al., 2005. studied the effect of ferric sulfate Fe (SO4); on pH values in dissolved air
flotation of oily wastewater treatment by flotation column and obtained increase in coagulant
concentration decrease pH value and enhance removal efficiency.

Welz et al., 2007. investigated the flotation of oil from wastewater in a laboratory scale
mechanically agitated flotation cell and explores the effect of chemical factors (coagulant and
flocculants) on flotation performance based on coagulant and flocculants dosages of (0.5 mg/l)
when using Aly(SO,4)3 and 1.5mg/l when using lime. They found that the effect of coagulant
dosage is more economical with the use of Al, (SOy); is the further justified due to lower cost as
well as lower dosage and higher efficiency.

Mohammed and Zain-al-albideen 2007, studied the effect of coagulant (alum, clay) on
removal efficiency of oily wastewater treatment by dissolved air flotation. They found that the
removal efficiency of oil increase with alum until reaching the optimum dosage (25, 40, 70)
ppm for initial oil concentration (30, 58, 136) ppm respectively, and the over dosage causes a
decrease in the oil removal efficiency, but the other coagulant (clay) having higher removal
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efficiency of oil the optimum dose of it was (2.5, 5, 9) ppm for the same initial oil concentration,
but disadvantage of higher amount of sludge caused.

The removal of oil emulsion in wastewater had also been studied by Painmanakul et al.,
2009, by utilizing the induced air flotation on the study of the effect of bubble hydrodynamic
such as bubble size and addition of chemical coagulant (alum) to induced air flotation process
and chemical dosage for the treatment of oily wastewater. They reported optimum pH value
between the values of 8-10.This research study showed some similarity with the study of ,Xiao
et al., 2007,though the former used induced air flotation while the latter used DAF.

AlMaliky et al., 2009, studied oil and grease removal from two types of industrial wastewaters;
Sweets and Dairy Industries wastewater by induced air flotation. Their results have shown that
(3-5 I/min.) air flow rates are the optimal for having separation efficiencies between (77%- 80%)
for effluent of Sweets industry, and (66%- 70%) for effluent of Dairy industry. The addition of
(0.5 g/l) alum has proved significant influence on oil/ water separation efficiency, which could
reach the values of (96%- 99%), using the air flow rates mentioned above, for Dairy and Sweets
industrial effluents respectively. Sulaymon and Mohammed, 2010. studied the effect of
coagulant Al,(SO4)3.17H,0and surfactant on separation efficiency of the emulsified kerosene in
water in bubble column. The results indicate that the rate of the flotation enhanced when using
SLES (sodium laurel ether sulfate) where the surface tension was reduced which leads the
improvement of the separation efficiency, and found that adding Al, (SO4)3.17H,0 and SLES
together have a high coagulant effect than individually. Tansel and Pascual, 2011, investigated
the removal of emulsified fuel oils from brackish and pond water by dissolved air flotation
(DAF) with and without use of coagulants and they concluded that coagulant addition initially
increased the petroleum hydrocarbon (PHC) removal by about 5-15%. SEIN, 2011, concluded
that dispersed air flotation (DIAF) unit was efficient as a primary water treatment process in
treating synthetic wastewater containing suspended solids and oily emulsions, also the addition
of alum (coagulant) and anionic polymer (flocculent) is necessary to improve flotation via
destabilization of colloids and agglomeration of destabilized particles. Oil and grease removal
required a more agitated system compare to total suspended solid (TSS) and turbidity removal
which suggest that a more turbulent system had a beneficial rather than disruptive effect on oil
flotation. Fu and Chung, 2011, concluded that the use of a mixture of bentonite and sawdust,
with sawdust being the vast majority, is highly effective for the coagulation of oil in water,
giving coagulation efficiency 92% or above.

Sawdust by itself sinks in water. However, the coagulated aggregates float on water when
sawdust is used with the bentonite. These aggregates are sheet-like, with the oil-bentonite—
sawdust serving as a continuous matrix and apparently no upper limit to the aggregate sheet
size. Without sawdust, the aggregates sink in water and the coagulation efficiency is only37%.
The sawdust functions as a fibrous framework for the attachment of the coagulating oil and
bentonite, thus facilitating floating aggregate formation and the subsequent removal of the
aggregates. Mohammed et al., 2013, studied experimentally the use of induced air flotation
(1AF) to treat the oily wastewater of Iragi North Oil Company and they showed that the removal
efficiency of oil was increased with increasing initial oil concentration, it reached up to 76 %.
While it became 89%when using stirrer. The experimental results were translated to a computer
program to predicate empirical correlation.VVasseghian et al., 2013, investigated the efficiency
of Dissolved Air Flotation (DAF) for the treatment of refinery wastewater. The effect of several
parameters on flotation efficiency namely, saturator pressure, and coagulant dose, on COD
removal was examined experimentally. Experiments were done by using poly aluminum
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chloride coagulant (PAC) at pressures 2bar up to 5bar and in three doses 15mg/l <20mg/l and
25mg/l. The data obtained from COD experiments using neuro-fuzzy systems have been
modeled. The correlation coefficient (R?), root mean square error (RMSE) and sum of square
error (SSE) of predicted values by using euro-fuzzy systems are obtained 0.9991, 6.35x10and
4.04x107 respectively, which shows the high accuracy of neuro-fuzzy systems.

The aim of the present study is to studying the enhancement of oil removal by induced air
flotation using sawdust +bentonite clay as coagulant.

2. EXPERIMENTAL WORK

2.1Gas Oill

Commercial gas oil was used in this study as the model pollutant. Gas oil was analyzed in
Petroleum Research and Development Center/Ministry of Qil; the chemical compositions are as
follows: 62.5% Paraffin's; 18.7% Aromatics and 18.8% Naphthenes.

The functional groups present in gas oil were detected by FTIR analysis; Fig 2. The physical
properties of gas oil were shown in Table 1.

2.2 Materials

e Surfactant type Sodium dodecylsulphat (SDS) from Fisher Scientific was used as anionic
collectors and is a white powder material with a chemical structure of (C;,H250SO3Na),
molecular weight 288.38 g/mol.

e pH adjustment was done by using (NaOH molecular weight is 40 gm/mole and purity of
100%, HCI molecular weight is 98.08gm/mole and purity of 100%).

e Sawdust was 100% recycled from solid wastes. It is collected, cleaned, milled, and then
sieved to obtain grain sizes of (0.6-1) mm in diameter (effective diameter ,de =0.63mm ,
uniform coefficient,Uc =1.5).

e Bentonite clay Ca-Montmorillonite % (70min) CEC (65min)-pass from sieve 0.075mm
(98%min) (Ministry of Industry and Minerals, Iragi Geological Survey).

e Aluminum sulfate (Alum): commercial alum was used in the experiments, it is a white dry
powder, has a formula of (Al, (SO4)3.18H,0) and molecular weight of (594.4 gm/mole).

2.3 Apparatuses
2.3.1 Flotation column

The experiments were performed into a cylindrical Perspex glass flotation column with the
dimensions (5 cm inner diameter and 120 cm in height), samples were drawn from tap of 0.2 cm
inside diameter, at the middle of column, and the column was operated in a semi- batch mode
(batch wastewater, continuous air). Figs.3 and 4 show a schematic and photographic diagram of
experimental apparatus.

2.3.2 Jar test

The sedimentation jar test (Aztec environmental control LTD) was used to simulate
conventional clarification, coagulation, flocculation and sedimentation steps. It consists of six
beakers (volume of 1L) and stirrers, which could be adjusted to the same stirring conditions for
all the beakers. The beakers were filled with 1L of sample and the coagulant was added
simultaneously to all beakers.
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2.4 Experimental Procedure

e The oil emulsion was prepared with the desired concentrations (300 up to 1000 ppm) by
injection the required volume of oil into specific volume of distilled water. Agitation was
achieved by bubbling air into the solution for half hour in a tank. The drop oil sizes
distribution were found by using microscope type (novex) and the mean drop diameter was
found to equal to 20um

e After oil emulsion was prepared at different concentrations, SDS surfactant (25, 75 and
150 mg/l) was added then poured gently at the top of the column, air was fed to the column
at different velocity (0.25, 0.424, 0.849 and 1.273cm/s) by rotameter and then samples
were taken at different time intervals 10, 20, 30 and 40 min. pH was adjusted to a desired
value using HCL or NaOH.

e Jar test constituted the preliminary test to determine optimum dosage of coagulant for
(sawdust + bentonite at ratio 2:1 (Fu and Chung, 2011) (0.5+ 0.25; 1+ 0.5 and 2+1) gm , and
alum concentration (10, 20, 30 mg/l) and determine its optimum pH from (pH=4 and pH=7)
for optimum removal efficiency of oily wastewater.

The jar test speed was set to be 300 rpm for at least 1 min to mix the synthetic wastewater
then coagulation was allowed to take place for at least 25 min or until the suspended solids
form colloids. Jar test was stopped when coagulation was completed.

e Optimum dosages of coagulant will be added to oil emulsion at its best conditions , then it
will be stirrer at speed 300 rpm for 1 min , then it will allowed to take place, coagulated oil
emulsions were drained into the flotation tank, then the flotation process was allowed to take
place for 40 minutes.

2.5 Analysis
2.5.1 Chemical oxygen demand (COD)

Chemical Oxygen Demand of samples was analyzed by using COD photometer apparatus.
The appropriate amount of sample (2ml) was introduced into commercially available digestion
solution (MR-Rang: 150-1500mg/L) containing potassium dichromate, sulfuric acid and
mercuric sulfate. The mixture was then incubated for 120 min at 150°C in a COD reactor (model
RD-125, Lovibond Company, Germany). After oxidation is complete, the COD concentration
was measured colorimetrically at 605 nm using a DR/2010 spectrophotometer.

2.5.2 Oil content

Oil content analysis was carried out using the oil content analyzer based on infrared analysis.
It includes a single-beam, fixed wavelength, non- dispersive infrared filter-based
spectrophotometer. Infrared radiation from a tungsten lamp is transmitted through a cylindrical,
quartz curette containing a sample extract. The radiation which passed through the extract enters
a detector containing a filter that isolates analytical wavelength in the 3400- to 3500-nanometer
range (Model: HORIBA OCMA-350).

2.5.3 Turbidity

The turbidity of the samples was measured using turbidity meter (laviboind meter with NTU
unit).
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3. RESULTS AND DISCUSSION
3.1 Effect of pH

The effect of pH plays an important role in the removal of oil emulsion by flotation method.
Different values of pH were examined in this study (3, 4,7and 9) keeping the other parameters
constant (initial oil concentration 500 mg/l, flow rate 500cc/min and SDS= 20mg/l).By plotting
the concentration ratio (C/Co) versus time at various pH values, Fig.5 , it can be seen from this
figure that concentration ratio(C/Co) of COD; oil content and turbidity decreases suddenly at
the beginning of the run then the ratio began to increase slowly with time and it was found that
the highest removal is achieved at pH= 4, which suggests that the repulsion between bubble and
oil particle is lost and that adhesion between them is promoted.

3.2 Effect of Initial Oil Concentration

Different concentrations of initial gas oil concentrations (300, 500,700 and 1000) mg/L were
studied keeping other parameters constant (pH=4, air flow rate 500cc/min and SDS=
20mg/l).By plotting the concentration ratio(C/C,) versus time at various initial gas oil
concentration, Fig. 6.

It can be seen from this figure that concentration ratio(C/C,) of COD , oil content and
turbidity increases with increasing initial oil concentration that because when the initial
concentration of oil increased the contact of air bubble and oil droplet was increased , this
result are in agreement with the results of ,Mohammed et al., 2013.

3.3 Effect of Air Flow Rate on the Removal Efficiency

Different air flow rates were studied (300, 500, 1000, and 1500 cc/min) that is at gas velocity
equal to 0.25, 0.424 , 0.849 and 1.273cm/s respectively , with keeping the other parameters
constant (pH=4, initial oil concentration=1000ppm and SDS= 20mg/l) in order to show the
effect of air flow rate on the concentration ratio.

This effect is shown in Fi g.7. by plotting (C/Co) versus time at different airflow rate and from
this figure, it can be seen that as gas flow rate increased, the concentration ratio increased, This
is because increasing gas flow rate causes early bubble detachment, large fluid activities (stress)
at the bottom section and bubble coalescence and (mostly) break up. This results in a large
number of small bubbles which facilitates collision with oil ,Sulaymon and Mohammed, 2010.

3.4 Effect of Surfactant

The removal rate of oil from water was studied at different of SDS surfactant concentrations
(20, 75, 150 mg/l) in order to show the effect of adding anionic surfactant on the removal rate of
oil. Fig. 8 shows the effect of (SDS) concentration on the concentration ratio of (COD, oil
content and turbidity).

The explanation of this improvement is that surfactant reduces surface tension and reduces the
bubble diameter and increases the coalescence of larger diameter droplets which are more easily
removed, that result is in agreement with ,Gregory and Zebal,1990. They concluded that
chemical pre-treatment of oil-water emulsions is based on the addition of chemicals that destroy
the protective action of the emulsifying agent, overcoming the repulsive effects of the electrical
double layers to allow the finally sized oil droplets to form larger droplets through coalescence.

3.5 Effect of Coagulant
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In order to study the effect of natural coagulant on the removal efficiency of gas oil emulsion
by flotation process,(sawdust +bentonite) at its optimum dosage (1+0.5gm) was added to
flotation process and compare the results with alum at concentration 30mg/l, Fig. 9, it can be
seen from this figure that there is slight difference between natural coagulant (sawdust+
bentonite) and alum, higher removal efficiency achieved was 87% for flotation only and 95.7%;
97% for sawdust +bentonite and alum respectively in coagulation — flotation process.

4. CONCLUSIONS

1.

2.
3.

The emulsified oil with concentration (300-1000 ppm) can be removed by dispersed air
flotation; higher removal rate was achieved at 40 minutes, and it was increased with
increasing flow rate.

The best removal efficiency by dispersed air flotation was 87% at pH 4

In coagulation — flotation process ,the use of a mixture of bentonite and sawdust with
sawdust being the vast majority for the coagulation of oil emulsion, increase the removal
efficiency to 95.7% while when using alum ,the removal efficiency was 97%.

5. RECOMMENDATIONS

1.

akrwn

Utilization of other types of coagulant and using industrial or domestic wastewater for
comparison purposes in terms of removal efficiency of oil emulsion.

Studying the oily wastewater treatment by fibrous coalescer process

Using two or three columns in order to enhance the removal efficiency.

Studying the effect of temperature.

Studying other bubble rise characteristics gas hold up trajectory and drag coefficient
produced acceptable and consistent results
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Table 1. Physical properties of the gas oil.

Density(Kg/m”~3) 0.84
Viscosity(Kg/m.sec) 4.04
API 35.1

Surface tension(N/m) 0.0283
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Fig.1 Process of coagulation, flocculation and flotation ,Dempsey, 2006.
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Fig.2 The functional groups of gas oil detected by FTIR analysis ,Ibn-Sina
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Fig.3: Schematic diagram for the experimental apparatus.

Fig.4:: Photographic diagram for the experimental apparatus
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ABSTRACT

T he variation of compression index C. and swelling index Cs with the degree of saturation S
was studied on unsaturated and fully saturated soils for different degrees of saturation (100%,
91%, 85%, 75%, 60%). Several mathematical equations were found to describe these
relationships, these equations can be used to predict settlement during the consolidation process
in unsaturated and fully saturated soils.

Key words: unsaturated soils, soil compressibility, compression index, swelling index.
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1. INTRODUCTION

The general field of soil mechanics can be subdivided into the portion dealing with saturated
soils and the portion dealing with unsaturated soils. The differentiation between saturated soils
and unsaturated soils becomes necessary due to basic differences in the material nature and
engineering response. An unsaturated soil has more than two phases, and the pore-water pressure
is negative relative to pore-air pressure, Fredlund and Rahardjo, 1993.

Any soil near the ground surface, present in an environment where the water table is below the
ground surface, will be subjected to negative pore-water pressures and possible reduction in
degree of saturation.

In recent years, with growing interest in the field of partially saturated soil, and the
development of powerful numerical techniques, a number of literatures have been published.
Researchers have dealt with partially saturated soils in many categories.

Mainly, those could be put as: —

Partially saturated soil physics and properties,

Partially saturated soil constitutive relations and volume change prediction,
Partially saturated soil consolidation,

Partially saturated soil strength,

Heat and mass transfer in partially saturated soil, and

Laboratory and field-testing of partially saturated soil.

ocoarwhE

Consolidation in general for both fully saturated and partially saturated soils is concerned with
volume change and with time as the excess pore-water pressure dissipates ,Biot, 1941,
Fredlund, and Hasan, 1979, Lloret, and Alonso, 1980, ,Fredlund, 1982 ,Chang and
Duncan, 1983,Dakshanamurthy et al., 1984 ,Fredlund and Rahardjo, 1986 and Zainal,
2000.

A series of Oedometer tests were conducted to determine the compressibility of soil samples
with different degrees of saturation.

The objectives of this study are:

1- The variation of the compression index C. with different degrees of saturation.
2- The variation of the swelling index Cs with different degrees of saturations.
3- The variation of settlement with different degrees of saturation.

2. EXPERIMENTAL WORKS

Tests were conducted to obtain the physical properties of the clayey silt soil used for this study;
all the results (Physical properties) are shown in table. 1 then a series of Oedometer tests were
conducted for different degrees of saturations (100%, 91%, 85%, 75%, and 60%), the results of
settlement with loading and unloading were obtained to be investigated.

3. RESULTS OF TESTS

Oedometer tests were conducted according to ASTM D2435 (Non-observance of fully
saturated sample) specifications to determine the variation of volume change described as void
ratio (e) vs. the logarithm of the incremental loading to calculate the value of the compression
index (Cc) and the value of swelling index (Cs) of the soil.

The same procedure was conducted for various values of degree of saturation namely
(100%, 91%, 85%, 75%, and 60%). These values represent different air content states ,Smith
and Smith, 1988.
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1. Fully saturated state where S=100% represents no air in the voids.

2. Partially saturated where S=91% represents air as occluded bubbles in the voids where
there is no continuous path for the air through the voids.

3. Partially saturated where S=85% represents air that has continuous path in the voids as
well as water phase.

4. Partially saturated where S=75% represents air that has continuous path in the voids but
not for the water phase.

5. Partially saturated where S=60% represents air that has continuous path in the voids but
not for the water phase where the soil approaches minimum value of relative
permeability of water phase.

The standard procedure was conducted on the fully saturated sample. For the other sample where
the degree of saturation is less than 100%, all the procedure steps were conducted except the
soaking of the sample to maintain the degree of saturation as it is, so the deformation of the soil
sample is determined for the degree of saturation of the sample.

The results for the soil samples with different degrees of saturation are shown in table 2. The
table shows the load increment as the first field, other fields show the variation of the void ratio
(e) in response to the applied load for different degrees of saturation.

Fig. 1 shows the results for the fully saturated soil sample (S=100%) showing the loading and
the unloading conditions. Three lines are drawn in Fig. 1, (Line 1) is the line connecting the
Oedometer actual readings, (Line 2) is the unloading line to determine Cs, and (Line 3) is the
Virgin line to determine C. from the curve.

The same presentation of lines 1, 2 and 3 are also valid for Fig. 2 which have the same details
about Oedometer tests for the various degrees of saturation 91%, 85%, 75%, and 60%
respectively.

Fig. 3 shows the variation lines for unloading conditions respectively; also describing different
degrees of saturation, 100%, 91%, 85%, 75%, and 60% respectively.

4. DISCUSSION

The results of these tests obtained were analyzed thoroughly, and many relationships were
obtained trying to describe the effect of the variation of the compression index C. and the
variation of the swelling index Cs with the degree of saturation S. these variations are shown in
table 3.

Fig. 4 shows the variation of C. with the degree of saturation, this relationship can be described
by finding the best fit curve from the data shown in Table 2. There were two best fit curves
found to describe the relationship between compression index C. and the degree of saturation S
as percentage (%), the first equation is a polynomial equation of the second degree and can be
described as:

C, =2.8322x10°5? —2.1032x10°S +0.18857 1)

with R? = 0.99744
And the second equation is an exponential equation and can be described in Eq.(2) with R? =
0.99708.

e(0.0243626$)

C, =22926336 @)
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The two equations were extended to cover the range of degree of saturation down to 40%, the
two equations can still give very good prediction of the variation of compression index C. with
degree of saturation S; though Eg. (2) was found to give more significant results for lower
degrees of saturation, hence it is recommended to be used for prediction.

However, and for simplicity, a linear relationship can also be used to describe the variation
between the compression index C. and the degree of saturation without much loss of accuracy as
can be seen in Fig. 4 The mathematical relation is shown in Eq. (3), with R? = 0.9765.

C. =0.0024S +0.0148 3)

Fig. 5 shows the variation of the swelling index Cs with the degree of saturation. Swelling index
Cs has almost the same value for a particular soil (Suzuki et al., 2011), fig. 5 also shows that the
best fit line has a slope of almost zero value (9 x 10°°), average value is calculated to be
0.059775 and an average deviation of 0.001425, is defined as “the average of the absolute
deviations of data points from their mean”, and is shown in EQ. (4).

1 _
;le—xl

where:

n=number of data points
x=data point, and

X = average

(4)

All this can tell that there is no loss of significant in using constant value for the value of Cs
which represents the slope of the unloading curve.

5. VARIATION OF SETTLEMENT WITH THE DEGREE OF SATURATION.

It is noted from Fig. 6 that the settlement increases with the increase of the degree of saturation
for the same loading that was used for all tests. Table 4 shows the variation of settlement ratio
(s/H) which is the settlement normalized by dividing the settlement value (s=AH mm) by the
height of the ring used (H=19 mm), and the value (s/H) is obtained for each degree of saturation.
The variation is shown in Fig. 6 where the minimum value of settlement ratio is found at the
lower degree of saturation and the maximum value of settlement ratio is found at the higher
degree of saturation.

This is believed to be due to particles rearrangement caused by more lubrication provided by the
presence of more water at higher degrees of saturation hence giving more settlement, and vice
versa where less water provides more friction which resists settlement. This behavior is similar
to the soil behavior in “wet of optimum” and “dry of optimum” sides of the compaction curve
respectively.

From Table 4, we can also obtain the ratio of maximum over minimum value (max./min.) of s/H
for each loading case, the variation is shown in Fig. 7.

Examining these values reveals that the variation is close and an average value (max./min. =
1.63244) i.e.(AH s=100/AH =60=1.63244) can be taken as a suggested value for settlement ratio
calculations, (e.g. if settlement for 1 m layer of fully saturated soil was found to be 5 cm
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(s/H=0.05) then for 60% saturation of the same soil and also for 1 m layer, the settlement ratio is
0.05/1.63244=0.03 and the settlement is 3 cm.). This ratio is a good aid in estimating the
settlement value at any degree of saturation less than 100% by only knowing the settlement value
of the fully saturated soil sample. Fig. 8 shows the best fit lines obtained from the curves of Fig.
7 while Table 5 shows their equations and the correlation coefficient squared.

For practical purposes of shallow foundation design usually gay net for Iragi soil which is
approximately between 25 kPa to 100 kPa, it is recommended to use equations related to number
2, 3, and 4 Table 5 where these loading conditions are most common and cover most Iraqgi soil
types either soft soils in southern parts or stronger soil in northern parts. These equations give
more accurate values of settlement ratio which can be used to predict settlement in unsaturated
soils.

As an example, the loading of 100 kPa is discussed more thoroughly, and this procedure can be
implemented to any loading case.

Three types of best fit lines are found to have the highest coefficient of regression. These
suggested equations are ordered from highest coefficient of regression to the lowest as shown in
Fig. 9

1) Polynomial of the second degree
S

w =0.000027S?% —0.003132S + 0.173022 (5)
R? =0.990775

2) Exponential relationship

% — 0.0400366°°11578 )
R? =0.949194

3) Linear relationship
% =0.001210S +0.005647 (7
R”=0.918432

For simplicity, the linear relationship is recommended to be used for prediction of the settlement
without much loss of accuracy.

6. CONCLUSIONS

1. The settlement increases with the increase of the degree of saturation for the same
loading that was used in all tests.

2. The compression index (C) variation with degree of saturation (S) can be expressed as
an exponential relationship with very good accuracy (R?=0.99), and as a second degree
polynomial (also R?=0.99); and for simplicity, it can be expressed as a linear relationship
without too much loss of accuracy (R?=0.98).

3. The swelling index value (Cs) is approximately constant for unloading curve for different
degrees of saturation as expressed in the present work and previous work of (Suzuki et
al., 2011).
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The settlement ratio which can be expressed as (AHs=n/AHs=100 = constant) (n=any degree
of saturation) can be approximated as a constant value for a specific soil, then this ratio
can be used to predict settlement for any degree of saturation depending on the settlement
of the fully saturated soil.

The variation of (s/H) with the degree of saturation for a specific loading can be
expressed as linear relationship with very good approximation as best fit line gives good
accuracy as shown in the Table 5 and Fig. 8 an even more accurate expressions are
found.
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Table 1. The physical properties tests.

No. Property symbol Value Specific. standard test
1 | Field water content |  wj 34% ASTM D2216
2 | Field mass density | pwer | 1.92 gm/cm® ASTM D854
3 Specific gravity Gs 2.8 ASTM D854
4 Initial void ratio € 0.95 eo = (Gspg) —1
5 Plastic limit P.L. 30 ASTM D4318
6 Liquid limit L.L. 44 ASTM D4318
7 Plasticity index P.l. 14 Pl=LL-P.L
8 | Liquidity index L.I. 0.714 L.l =(LL-w,)/P.
9 Sand S 10% >0.06 mm
10 Silt M 50% 0.06>M>0.002 mm
11 Clay C 40% <0.002 mm
12 | Soil classification ML low Plasticity ASTM D422
silt
Table 2. Results of Oedometer tests.
load | (e)at | (e )at | (e)at | (e)at | (e)at
(kPa) | S=100% | S=91 % | S=85% | S=75% | S=60%
125 | 0.863 0.878 | 0.889 | 0.895 0.9
25 0.824 0.838 | 0.856 | 0.868 | 0.878
50 0.768 0.796 | 0.819 | 0.827 | 0.823
100 | 0.692 0.724 | 0.753 | 0.769 | 0.788
200 | 0.608 0.666 | 0.704 | 0.728 | 0.746
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400 0.512 0.571 0.643 0.669 0.695
800 0.425 0.475 0.56 0.573 | 0.616
1600 | 0.328 0.395 0.417 | 0.491 | 0.554
12.5 0.458 0.523 0.541 0.606 0.676

Table 3. Compression index C. and swelling index Cs.

S% Cc Cs

100 | 0.2607 | 0.0617

91 | 0.2345 | 0.0607

85 | 0.212 | 0.0588

75 | 0.1905 | 0.0546

60 | 0.1644 | 0.0579

Table 4. Variation of settlement / height ratio with degree of saturation S%.

Load (kPa)

S%

12.5

25 50

100 200 400

800

1600

100

0.04463

0.06442 | 0.09305

0.13242 | 0.17526 | 0.22442 | 0.26894

0.318947

91

0.03684

0.05747 | 0.07894

0.11578 | 0.14578 | 0.19473 | 0.24315

0.28452

85

0.03157

0.04736 | 0.06736

0.10105 | 0.12631 | 0.15789 | 0.20031

0.27336

75

0.02821

0.04221 | 0.06315

0.09305 | 0.11368 | 0.14421 | 0.19315

0.23467

60

0.02563

0.03689 | 0.06473

0.08305 | 0.10421 | 0.13078 | 0.17105

0.20310

Table 5. Load cases and best fit line equations, and correlation coefficients.

No. | Load kPa | Best fit Line equation R®
1 12.5 s/H =0.0005 S - 0.0044 | 0.8741
2 25 s/H=0.0007 S - 0.0078 | 0.9212
3 50 s/H =0.0007 S+ 0.0172 | 0.6999
4 100 s/H =0.0012 S + 0.0056 | 0.9184
5 200 s/H=0.0017 S-0.008 | 0.8718
6 400 s/H =0.0023 S - 0.0213 | 0.8700
7 800 s/H=0.0024 S+ 0.0157 | 0.8830
8 1600 s/H=10.0029 S + 0.0244 | 0.9858
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ABSTRACT

Active Magnetic Bearings (AMBs) are progressively being implemented in a wide variety of
applications. Their exclusive appealing features make them suitable for solving traditional rotor-
bearing problems using novel design approaches for rotating machinery. In this paper, a linearized
uncertain model of AMBs is utilized to develop a nonlinear sliding mode controller based on
Lyapunov function for the electromechanical system. The controller requires measurements of the
rotor displacements and their derivatives. Since the control law is discontinuous, the proposed
controller can achieve a finite time regulation but with the drawback of the chattering problem. To
reduce the effect of this problem, the gain of the unite vector term is evaluated as a function to state
variables. As a result the proposed discontinuous controller regulates the state to the origin in a finite
time in spite of the uncertainty in system model and the presence of external disturbances. These
results are demonstrated via numerical simulations. In addition the chattering in system response in
these results is within the acceptable range.

Keywords: active magnetic bearings (AMB), finite time regulation, linearized uncertain model,
sliding mode controller, matching conditions.
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1. INTRODUCTION

Active magnetic bearings (AMBSs) are noncontact support bearings for rotating machinery. Using a
pair of electromagnets at opposite sides of the rotor, it balances the attractive magnetic forces of the
electromagnetic actuators in order to center the rotating element in the control axis. This allows the
rotor to float in the bearing air gap and the machine to operate without frictional losses.
Additionally, the contactless operation of the AMBs eliminates the need of lubrication of the bearing
components, allowing them to operate cleanly and virtually maintenance free for long periods of
time ,Yoon, et. al., 2013.

Recently, there is a remarkable interest in industrial applications of active magnetic bearings
(AMB), as in jet engines, compressors, pumps and flywheel systems that afford non-contacting
support of rotors, eliminating distresses due to friction, wear, power consumption, and lubrication
typical of standard bearings. AMB systems as electromagnetic devices have other exclusive abilities
such as: high rotor speed, weight reduction, precise position control and active damping as described
by ,Polajzer and Dolinar, 1999 and Motee and Queiroz, 2002.

Nevertheless, magnetic bearings are highly nonlinear and inherently unstable. The non-
linearity of the active magnetic bearing system is due to the relationship between forces that are
generated in the electromagnetic actuator, the coil’s current and the air gap between the rotor and the
stator. These nonlinearities bound control effectiveness and the region of stable performance as
shown in ,Hung, 1995. The requirements of high speed, low vibration, zero friction, and clean
environment are essential for smooth AMB operation. In addition ,Zhang, et. al., 2002 showed that
a controller with high robustness to uncertainty was vital. Also ,Habib and Hussain, 2003 showed
that the open loop unstable characteristic of the magnetic bearings required feedback control to
ensure the normal operation of AMB systems.

Abdul, 2007 advanced PD-like Fuzzy Logic Controller (FLC) had been designed for AMB
system stabilization. An intelligent approach to estimate uncertainty bound was introduced by
,Buckner, 2002 and applied to sliding mode controller design. Sivrioglu and Nonami, 1996 a
robust H,, controller was developed for high speed machining applications. Robustness against
uncertainties and variations in operating conditions can be achieved as long as the uncertainty
weighting function and performance weighting function are well tuned. However, the determination
of these weighting functions were critical and usually very hard. Many works focused on developing
strategies that can automate the selection of suitable weighting function. An automatic weight
selection is developed to shape the sensitivity and complementary weighting functions,Nair et. al.,
2009. Some other works Cao, et. al., 2004 ,Arredondo and Jugo, 2007 and Zdzislaw, and
Mystokowski, 2007 implemented ad hoc procedure for the selection of the weighting functions.
Based on the approach of Buckner, 2002 a confidence interval neural network was developed by
Choi et. al., 2006 ,Gibson et. al., 2003 and Gibson et. al., 2005 to adaptively estimate the
uncertainty bounds for robust controller design. Raafat, et. al., 2011 an intelligent estimate of
uncertainty weighting function was presented for robust H, /H,, controller design. v- gap metric was
utilized to validate the estimated uncertainty bounds for improved robust stability.
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The variable structure system was presented by Utkin, 1977 and indicated that variable
structure control is unaffected to parameters perturbations and external disturbances. Recently, some
applications have been developed using sliding mode control and adaptive control. For MIMO case
the sliding mode control is designed based on hierarchy procedure as given by Utkin, 1992. As an
alternative procedure design a unit control method is proposed for the MIMO system which
preserved the sliding mode robustness with respect to the uncertainty in system parameters and to
the external disturbances. The control law is designed using Lyapunov function where the root of
this approach may be found in papers by Gutman and Leitmann, 1976 and ,Gutman, 1979.

In the present work the sliding mode control algorithm is employed to design a robust
control system to AMB based on the unit control approach in the presence of model uncertainty and
disturbances.

The paper is organized as follows. In section 2, the dynamics of AMB system with a flexible
rotor is described. In section 3, a unity sliding mode controller with pole placement control is
developed. Simulation results are presented in section 4. Conclusions are provided in section 5.

2. DYNAMIC MODELING OF THE AMB SYSTEM

In AMB systems, more than one actuator can be used in order to control the rotor levitation along
several degrees-of-freedom (DOF). In this case, actuators are usually assembled as pairs facing
each-other. This allows attracting the rotor in two opposite directions along one axis. Typically, the
basic components of an AMB are: electromagnets, iron core, winding, rotor, position sensor,
controller and power amplifier, as shown in Fig.1. The control objective is to manipulate the coil
current i(t) so that the vertical position of the rotor x(t) tracks the desired trajectory. AMB are
usually available in many configurations like radial bearings, in which the main purpose is to
guarantee the levitation even in case of total failure of an actuator axis.

2.1 Theoretical Model
The force generated by an electromagnetic actuator Fig.1 can be derived using magnetic circuit
analysis and conservation of energy technique ,Schweitzer, 1994.

1 24 @2
fem = Z#ON Ag 2 1)

The resulting nonlinear magnetic force Eq. (1) is proportional to the square of the coil current iand
inversely proportional to the square of the air gap between the actuator and the rotorx. u, is the
permeability of free space (4m.10 — 7H /m), Nis the number of turns in the coil, and 4, is the area
of the air gap ,Schweitzer, 1994. In order to develop a model based control of the system in Fig.2,
the electromagnetic force Equation (1) is linearized about a nominal operating point and an accurate
dynamical model was formulated ,Choi et. al., 2006. The linearized system dynamics for the AMB
system were obtained using a Lagrangian analysis of Fig.2, then they were represented using a state
vector x composed of the rotor displacements and their time derivatives.

x =Ax + Bu (2)

y=Cx 3)
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Where ,Choi et. al., 2006.

_ [#M _ 0 I [ 0 T o
X = [Z}\/[jl’ A= [MB—lKS _MB—lGB]p B = I:MB_lKi]’ C = [0] y MB = TF MTZ’
0 L o0 0 00 0 —I
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with system parameters m = 1.549 kg, I, =1, = 2.39 x 107%kg.m?, I, = 10"*kg.m?, 1, =

3 3
0.153m, L, =0.170m, ky = —96.5x =%, k; = 29.9%, k. = 2.6 X and

Q = 627.0rad/sec (nominal speed: 6.0 krpm). The resulting continuous-time model is
unstable, with eigenvalues

A= —471 £3.6i,471 + 3.6i,—351 £ 0.006i, 351 * 0.006i. (5)

3. SLIDING MODE CONTROLLER DESIGN

This section proposes a unity sliding mode control strategy for the AMB system. A detailed study of
the sliding mode control algorithm is presented in the presence of matched uncertainties and
external disturbance with the AMB model.

3.1 Representation of Uncertainties
Starting by rewriting Eqg. (2) to include the parametric uncertainties and disturbance effect

x = Ax + AAx + Bu + ABu + d(t) (6)

where x e R", A& AA€R™™, ueR™ and B &AB € R™™. Here AA and AB refer to the
matched uncertainty in the matrices A and B respectively. In addition d(t) is an external
disturbance satisfies the matching condition. Namely

d(t) = B5(¢) ()
Since (4, B) is a controllable pair, then the following control signal is proposed:

u=u,— Kx (8)
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where K € R™*™ is chosen such that the matrix

A, =A—-BK 9)
is Hurwitz with the desired characteristic roots. Consequently Eq. (6) becomes:

X = Ay,x + AAx + Bu, + ABu + d(t) (10)
Now let the uncertainty in matrix A and B can be written as

AA = BAg and AB = BBy (11)
Then the bracket {AAx + ABu + d(t)} can be written as:

AAx + ABu + d(t) = B{Asx + Bsu + §(t)} = B{(As — BsK)x + Bsu, + 6(t)} (12)

Assumption: The matched uncertainty Asand Bs and external disturbance &§(t) are bounded.
Accordingly

I(As — BsK)x + Bsu, + (|l < allx|[ + Blluoll + & (13)
where ||As — BsK|| < a, ||Bsll < B,II6(t)|l < &, and 0,8, € are positive constants.

Detailed formulation of the derivation of uncertainties is provided in Appendix A.

3.2 Unit Control Design

The objective of this section is to demonstrate a design method for discontinuous control enforcing
sliding mode in some manifold without individual selection of each component of control as a
discontinuous state function. The approach implies design of control based on a Lyapunov function
selected for a nominal system. The control is to be found such that the time derivative of the
Lyapunov function is negative along the trajectories of the system with perturbations caused by
uncertainties in the plant model and environment conditions ,Utkin et. al., 2009.

From previous discussion, the unit control signal u,, is proposed as
BT vv

uo = =y IXID 7rrryg (14)

where I-1 is the Euclidean norm, and hence the control law in Eq. (8) becomes:

BT vv
u = —y(l[x|]) o] Kx (15)

Since the system x = A, x is asymptotically stable, then by the converse theorem as given by
Khalil, 2002 there is a Lyapunov function with a positive definite matrix P

V=x"Px (16)

such that V < 0,Vx # 0. To this end, differentiate VV with respect to time, to get:
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V =VVT{4,x + AAx + Bu, + ABu+ d(t)} = VVTA,x + VWWTBu, + VVT{AAx + ABu + d(t)}
(17)

The unite vector gain y(||x||) is evaluated such that V is negative definite. As a result, V is rewritten
as follows:

V =vVTA4,x + VWTBu, + VWTB{AAx + ABu + d(t)} (18)
Now let us consider the following:

(vwTB)(BTvv) _ ||BT vv||®
I8Twvll BT wv

=BT vVl

VVTA,x = 2xTPA,x = —xTQx <0
and
VVWTB{(As — BsK)x + Bsu, + 6(t)} < ||[VVTB||||(As — BsK)x + Bsu, + 6(t)||
< IBT vVIi(allx|l + By + &)
then Eq. (18) becomes:
V< —x"Qx—ylIB" VI +IIB" vVI(allxll + By + &)
< —vlIB" vV + BT vVIi(allxll + By + &) = =BT VVIl{y — allx|l — By — &}
= —|IBT vVIi{y(1 — B) — allxll — }

Now for

y(lxl) =

1
a1-p)

{a|lx|| + e+ k}, k>0 (19)

then V becomes;
V<—klBTVV|I <0, Vx|l #0 (20)

This implies that the trajectory reaches the sliding surface in a finite time and remains on the sliding

surface for all future time.
T
Note that the finite reaching time is a consequence of the unit vector term ﬁ in the
control law (Eq. (15)), and the reaching time is directly related to the magnitude of the gain y(||x||)
,Khalil, 2002.

Eventually for the system dynamics in Eq.(6) the control law is given by
u=—Kx—y(lxlD (21)
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where S is the switching function vector given by
S =[syS3 .. sp]T =BT VV = BT2Px = Gx

G = 2BTP € R™" and y(||x|Dis as in Eq. (19). In addition the norm of the vector S which appears
in the unit vector is given by (the induced inner product norm);

ISl = VSTs (23)

Due to the presence of a discontinuous term in the control law (ﬁ in Eqg. (21)), the chattering
behavior will be induce in system response. Many methods have been developed to eliminate the
chattering problem, as in the case of replacing the discontinuous term by an approximate continuous
form as for example the saturation function (see ,Utkin, et. Al., 2009). The price paid to eliminate
the chattering effect by approximating the discontinuous term is that the state will be only regulated
to a region near the origin. The size of this region depends on the approximation form.

As an alternative solution to the chattering problem with preserving the finite time reaching
property is by reducing the amplitude of the switching term in the control law. In the present work
the amplitude of the switching term y(]|x||) is taken as a function to the state rather than a constant

value. This will help in reducing the chattering around the origin where y(||x||) will be equal to
(e+k)

a-p)

In the following section the unity sliding mode control law as given in Eq. (21) is applied to
design a robust nonlinear control for the AMB system with considering both the uncertainty in
system model and the effect of the external disturbances.

4. SIMULATION RESULTS

According to the plant description in section 2.1 and using Egs. (2) and (3), simulation of the AMB
is developed. MATLAB is used to simulate the AMB controlled system. The first experiment was
accomplished using the following linear state feedback control equation: u = —Kx, where K is
4 x 8 matrix selected to satisfy that Eq. (9) is Hurwitz with the desired characteristic roots.
Accordingly let the following set of closed loop poles are selected as:

p=[-10 —2.0 —3.0 —4.0 —2.0 —5.0 —6.0 —7.0]

Figure 3 shows the resulted states response of the controlled AMB system. The disturbance
effects due to noise variations are not considered in this case. Subsequently, the controller can
effectively regulate the system as shown in Fig.4.

Then, the uncertainty and disturbance effects are included in the simulation by considering Eq.
(6), using the same previously designed state feedback controller. The applied disturbance is given

by:
d =d,.[0.0 0.0 0.0 0.0 0.001 0.002 0.003 0.002]"
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where d,- is uniformly distributed pseudorandom number. The transients of the system are
drastically affected, as shown in Fig. 5.We allowed £10% parameter variations for the matrices A
and B and further assumed 10% to 35% magnitude changes in the §(t) term. Consequently, the
matrices As and Bg are calculated by equations (A-5) and (A-8) respectively (Appendix A). The
parameter variations constitute A4 and AB is assumed to have only matched uncertainty. The
external disturbance is a random variable with zero mean and unit variance which is assumed to
have only matched disturbance in the simulation. Accordingly, the parameters, 8 and & will be equal
to 1.7129, 0.2105 and 0.6393 respectively. The parameter k is set to 0.01 as a positive value in order
that V becomes negative definite (Eg. (20)). In the same time k is selected small to reduce
chattering that induced due to a high gain value of the discontinuous term y(||x]|). The control
signals are shown in Fig.6. The evaluated coefficients of Svector (Eq. (23)), can be seen in Fig.7
while Fig.8 presents the resulted norm of S. It is clear that the linear state feedback controller cannot
overcome the effects of uncertainties and presence of disturbance. Therefore, further improvement is
required to be applied, as described in section (3); the term unity control is included as described in
Eqg. (21). The switching gain y(||x]|), which is responsible for reject the uncertainty in system
parameters and the external disturbance effects, varies continuously from 0.9876 and to less than
0.014 rapidly in less than 9 minutes, which reflects the effectiveness of the added term to the control
signal.

Fig. 9 presents the transient response of the system while Fig.10 presents the control signals.
Fig.11 presents the norm of the S function. Fig.11 also reveals the objective of the proposed
controller in regulating the switching function vector to the origin in finite time. Here the time
required to reach the origin is about 15 seconds. Further decrease in the reaching time can be gotten
by increasing the gain y of the unit control according to Eqg.(21). Then to further explore the
robustness of the developed controller, another larger value of disturbance is applied as:

d=4d,[00 0.000 0.0 0.020 0.040 0.030 0.040]"

The transient response of the system is shown in Figs.12 and 13 show the control signals. The norm
of the S function is given in Fig.14. It is clear that the new controller can effectively overcome the
disturbance effects. Robust performance is also guaranteed in this case as proved in section (3.2).

5. CONCLUSIONS

This paper presents a derivation for a unity sliding mode controller design for a linear uncertain
MIMO system subjected also to external disturbances. The proposed control is robust with respect to
the uncertainty in system model and to the matched external disturbances since it was derived based
on making the derivative of a candidate positive definite Lyapunov function negative definite. The
developed unity sliding mode control was effectively derives the uncertain AMB system model to
robust stability and performance conditions under the existence of matching condition. The
simulation results, which are carried out for +10% parameter variations for the matrices A and B
and 10% to 35% magnitude changes in the disturbance term &(t), clearly demonstrated the
robustness and the effectiveness of the proposed unity sliding mode controller. In addition the
results show that the effect of the chattering problem in sliding mode control is reduced via the use
of a variable switching gain y(]|x||) which has its minimum value at the origin.
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Appendix A: Computing the Uncertainty Matrices

1) AA = BAg, AA € RV™,B € R™™ qnd Ag € R™™
Let AA be written as:
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0 0
8= oy, any) D
where 0,AA,; and AA,, € R™™ m =n/2 . Also let B andAs be written as follows:
BZl
As = [As11 As12], Asiiandds, € R™™ (A3)
Now AA = BAgs becomes:
0 0 [ 0 ] 0 0 ]

= A A = A4
PPy Rl IR R P T (A4)
where the matrix B, is an invertable matrix (det(B,,) # 0). Therefore
As11 = 32:11AA21} (A.5)
As12 = B31AAp;

2) AB = BBs,AB € R™™ and Bs € R™ ™, Let AB be written as:
AB = [ 0 ] 0 andAB,, € R™*™ (A6)
AB,,

and with the aid of Eq. (A.2), we can write AB = BBg as:

0 0 0
= Bs = A7
a8 )= 15.0) B2 =[5,05,] A7)
Solving for Bg
Bé‘ = B2_11AB21 (A8)

Then, by taking

B = lIBsll; (A.9)
and

a = ||Asll; + 1BsKl2 (A.10)
where || ||, refer to the 2-norm. Therefore y(||x||) will be evaluated from

y(lxlD = =5 {allxll + &+ k3, k>0 (A1)
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Figurel. AMB operating principals ,Gibson et. al., 2003.

Figure 2. Generalized rigid rotor supported by two radial bearings ,Choi et. al., 2006.
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Figure 3. The transient responses of the AMB system under pole placement control,
x(0)=2*10°states x(1)-x(8).
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Figure 4. The control signals u(1)-u(4).
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Figure 5. The transient responses of the disturbed AMB system under pole placement control,
x(0)=2*10" Disturbance of Eq. (28) is applied.
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Figure 6. The control signals u(1)-u(4).
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Figure 9. The transient responses of the disturbed AMB system under pole placement and unity
control, x(0)=2*107. Disturbance of Eq. (28) is applied.
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Figure 10. The control signals u(1)-u(4).
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Figure 12. The transient responses of the disturbed AMB system under pole placement and unity
control, x(0)=2*10". Disturbance of Eq. (29) is applied.
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ABSTRACT

This paper presents a numerical analysis using ANSYS finite element program to simulate the
reinforced concrete slabs with spherical voids. Six full-scale one way bubbled slabs of (3000mm)
length with rectangular cross-sectional area of (460mm) width and (150mm) depth are tested as
simply supported under two-concentrated load. The results of the finite element model are presented
and compared with the experimental data of the tested slabs. Material nonlinearities due to cracking
and crushing of concrete and yielding of reinforcement are considered. The general behavior of the
finite element models represented by the load-deflection curves at midspan, crack pattern, ultimate
load, load-concrete strain curves and failure modes shows good agreement with the experimental
data.

Keywords: finite element analysis, one way slabs, prestressed concrete slabs, bubbled slabs,
spherical voids.
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1. INTRODUCTION

The wide application of the finite element method coupled with the availability of high-speed
electronic digital computers has put the method in extensive use. Concrete structures may exhibit
nonlinear behaviour due to material or geometric nonlinearities. The material nonlinearity is due to
cracking of concrete, crushing of concrete, yielding of reinforcement and nonlinear stress-strain
response of concrete, while the geometric nonlinearity is caused when the structure experiences
large deformations, ANSYS Help, 20009.

Various attempt have been made in the past to reduce the weight of concrete slabs, without affecting
their flexural strength. Not all the internal concrete can be replaced though, since aggregate
interlock of the concrete is important for shear resistance, concrete in the top regions of the slab is
necessary to form the compression block for flexural resistance, and concrete in the tension zones of
the slab needs to bond with reinforcement to make the reinforcement effective for flexural
resistance. Also the top and bottom faces of the slab need to be connected to work as a unit and
insure the transfer the stresses, Marais, 2009. The dominant advantage of slabs with internal
spherical voids is that it uses (35%) less concrete than normal solid slabs. The plastic spheres
replace the non-effective concrete in the centre of the section, thus reducing the dead load of the
structure by removing unused heavy material. Also leads to less structural steel since the need for
reinforcement diminishes. The building foundations can be designed for smaller dead loads as well.
On site construction time can be shortened since slabs with internal spherical voids can be precast,
in relation to savings in material and time, cost reductions are also typical with this system as shown
in Fig.1, BubbleDeck, Lighter Flat, 2006.

2. EXPERIMENTAL PROGRAM

2.1 Characteristics of the Tested Slabs

Six full-scale one way structural concrete bubbled slabs of (3000mm) length with rectangular cross-
sectional area of (460mm) width and (150mm) depth were tested as simply supported under two-
concentrated loads, in which each specimens contain (80) plastic spheres of (100mm) diameter with
ratio of (D/H=0.67) and (26.40%) reduction in self weight/m*® as shown in Fig. 2. The variables
studied are given in Table.1 ,Oukaili and Yasseen, 2014. Load (P) is applied by means of hydraulic
jack which acted on the slabs as two symmetrical concentrated loads (with ratio of shear span (a) to
effective depth (d), a/d=6.88) (see Fig. 3). For all specimens, deflection at midspan, first cracking load,
ultimate load and concrete strains are recorded and measured at various stages of loading.

2.2 Material Properties

The specimens constructed using a concrete with a compressive strength of approximately (40
MPa). The concrete produced in the laboratory using normal Portland cement, fine aggregate, and
crushed coarse aggregate of (10mm) maximum nominal size. Seven-wire strand of (12.7mm)
nominal diameter (grade 270, low relaxation, confirming to ASTM A416/ A416M-06 used as
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flexural reinforcement, at a prestressing level of (70%) of the ultimate strength (1860 MPa). In
addition, different diameters (12mm, 10mm and 6mm) of steel bars used in this study as flexural
and shear reinforcement. The plastic spheres were made by embodying high density polypropylene
(HDPE) from recycled plastic with diameter (100mm).

3. FINITE ELEMENT ANALYSIS

3.1 Modeling of Material Properties

3.1.1 Concrete

The concrete is assumed to be homogeneous and initially isotropic. The compressive uniaxial stress
strain relationship for the concrete model is obtained by using the following equations to compute
the multilinear isotropic stress- strain curve for the concrete as shown in Fig. 4, Desayi and
Krishnan, 1964.

Jﬁ:=E|:E fﬂrﬂif"-_{Ei (1)
ﬁ;=1_Er_ for s, ==&, @
f.=F fors =g =g_, 3)
S @

The modulus of elasticity, £., can be calculated with a reasonable accuracy from the empirical
formula, ACI 318M-14.

E_ = 0.043(w)'=(f)%

For the normal weight concrete based on a dry unit weight (2200-2500 kg/m®), E. can be permitted
to be taken as, ACI 318M-14.

E. = 4700,f;

Poisson's ratio (v) of concrete has been observed to remain approximately constant and ranges from
about (0.15 to 0.22) up to a stress level of 80% of f., ,Neville, 1987.

3.1.2 Reinforcing Steel

Ordinary Reinforcement: For all practical purposes, steel exhibits the same stress-strain curve in
compression as in tension. The steel stress-strain relation exhibits an initial linear elastic portion, a
yield plateau, a strain hardening range in which stress again increases with strain and, finally, a
range in which the stress drops off until fracture occurs. The extent of the yield plateau is a function
of the tensile strength of steel. For computational convenience it even often suffices to idealize the
one dimensional stress-strain relation for steel, as shown in Fig. 5 ,Kwak, 1990.
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Prestressing Strands: The multi-linear curve option is useful to define stress-strain curve of
prestressing strand elements. Coordinates for each point on the curve are derived using the equations
available in PCI Manual for the Design Handbook (PCI, 2010) for low relaxation strands of grade
(270 ksi) (1860 MPa) which have been summarized below and plotted in Fig. 6.

For the elastic segment of the curve when (s, = 0.0085), stress in the LINKS8 element (f,) is

calculated from the following linear equation:

f, = 28500¢, (ksi) (5)

While for the plastic segment (=, > 0.0085), the stress in strand elements (f,) is calculated from the
following expression:

0.04

f, =270 — p— (ksi) (6)

where £, and <, are the strand stress and corresponding strain at any arbitrary point on the curve.

3.2 Element Types

SOLIDG65 is used for the 3-D modelling of solids with or without reinforcing bars (rebar). The solid
is capable of cracking in tension and crushing in compression. The element is defined by eight
nodes having three degrees of freedom at each node: translations of the nodes in X, y, and z-
directions. This 8-node brick element is used, in this paper, to represent the concrete. The element is
defined by the isotropic material properties. The geometry, node locations, and the coordinate
system for this element are shown in Fig. 7.

LINKS is a spar (or truss) element which used to model the steel reinforcement. The 3-D spar
element is a uniaxial tension-compression element with three degrees of freedom at each node:
translations of the nodes in X, y, and z-directions. The geometry, node locations, and the coordinate
system for this element are shown in Fig. 8.

SOLID45 is defined with eight nodes having three degrees of freedom at each node; translations in
X, Y, and z directions. SOLID45 is used to model the steel plate which existed under point load
(applied load) and supports in order to avoid stress concentration problems. The geometry, node
locations, and the coordinate system for this element are shown in Fig. 9 ,ANSYS Help, 2009.

3.3 Real Constant and Material Properties

The real constants for all materials used in constructing the model of reinforced concrete bubbled
slabs are described and listed in Table 2. Parameters needed to define the material models for the
first specimen are given in Table 3.

3.4 Modeling of Bubbled Slab

ANSYS program create the solid slab, solid spheres, plates, and supports as volumes. By taking
advantage of the symmetry of both slab geometry and loading, one quarter of the entire model slab
is used for the element analysis. The model is (1500mm) in length, with a cross-section of (150mm
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x 230mm) for solid slab. Due to symmetry, only one loading plate and support plate are needed.
The loading and support plates are (230mmx 150 mm x 10mm). Twenty solid spheres with radius of
(50mm) are created and moved to the correct positions inside the block of solid slab and by
subtract command, subtracting all the solid spheres from the solid slab, the voids will be formed in
the center of cross-section. The combined volumes of the slab, spheres, plates and supports, are
shown in Fig. 10. LINK8 elements are used to create the upper and lower welded wire meshes of
(3mm) diameter in addition to the flexural and shear reinforcement see Fig. 11.

3.5 Meshing of Bubbled Slab

Using of a triangular mesh with tetrahedron volume is necessary to obtain good results from the
SOLIDG65 element. Therefore, the mesh is set up in such manner that triangular elements are created
see Fig. 12. Also, the volume free command is used to mesh the steel plate and support. This
properly sets the width and length of elements in the plates to be consistent with the elements and
nodes in the concrete portions of the model.

3.6 Loads and Boundary Conditions

Rollers are used to show the symmetry condition at the internal faces. Moreover, a single line
support is placed under the centerline of the support position to allow rotation of the support while
vertical movement is restricted; when the loaded slab starts to displace download, rotation of the
support should be permitted. The single line of external forces is applied to the centerline of steel
plate to reduce the stress concentration caused by the applied force and result in early cracking.

4. COMPARISON OF EXPERIMENTAL AND ANALYTICAL RESULTS
4.1 Load-deflection Relationship

Figs. 14 through 17 show load-deflection curves of the bubbled slabs of the present finite element
analysis and experimental results.

It can be observed that, the present finite element model performs satisfactorily and it predicts the
real behavior of the bubbled slab. However, the finite element load-deflection curves in the linear
stage are somewhat stiffer than the experimental responses for slab (BD1), while, the analytical
load-deflection curves of slabs (BD2, BD4 and BD5) well match the test data. For bubbled slabs
(BD6 and BD?7), the finite element load-deflection curves in the linear stage are somewhat stiffer
than that of the experimental responses. After first cracking, the stiffness of the modeled elements is
slightly higher than that of the experimental specimens. There are several reasons that may cause
the higher stiffness in the finite element models. First, micro-cracks produced by drying shrinkage
and handling which are present in the concrete to some degree. They would reduce the stiffness of
the actual specimens, while the finite element models do not include micro-cracks. Second, the
perfect bond between the concrete and reinforcing steel is assumed in the finite element analysis,
but the assumption would not be true for the actual specimens. As bond slip occurs, the composite
action between the concrete and reinforcing steel begins to diminish. Thus, the overall stiffness of
the actual specimens could be lower than what the finite element models predict, due to factors that
are not incorporated into the models.
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The load-deflection response at midspan for the bubbled slabs with prestress steel is essentially
bilinear with a transition curve at the cracking load. This is due to the linear characteristics of the
prestressing strands that do not show any yield plateau.

The contours representing the deflected shapes of the specimen BD7 due to prestressing force and
ultimate load is shown in Fig. 18.

4.2 First Cracking and Ultimate Loads
The first cracking and ultimate loads obtained in analysis by (ANSYS) program are compared with
experimental results for all the bubbled slabs. The values are given in Table 4.

In finite element analysis, it is found that, the first cracking load (P) is formed at (39.8%, 53%,
55.5%, 69%, 63% and 69.8%) of the ultimate load (P,) of bubbled slabs (BD1, BD2, BD4, BD5,
BD6 and BD7), respectively. Based on the finite element analysis, the first cracking loads for all
models are almost higher than those from experimental results.

The average value of the ratio of the experimental load at first cracking to the corresponding load
observed in the analytical results is found be (0.91) with a standard deviation of (0.084). While, at
ultimate load the average and the standard deviation become (0.95 and 0.073) respectively.

4.3 Load-Concrete Strain Relationship

Figs. 19 and 20 show the distribution of concrete strains at the ultimate load in the longitudinal x-
direction, along the bubbled slabs (BD1) and (BD4), respectively. It is noted that, the maximum
compressive strains for (BD1) are at the upper fibers of the cross-section at midspan, while, for
prestressed bubbled slab (BD4), they are located at the support region at the level of prestressing
steel, this is due to the assumption of the perfect bond between the concrete and prestressing steel in
the finite element analysis. But, the maximum tensile strains for all bubbled slabs are located in the
region occupied by the spherical voids.

The compressive and tensile strains data for concrete collected from the experimental test of
bubbled slabs are compared with the results obtained from the finite element analysis. It is noted
that, the analytical load-concrete strain curves in the linear stage are somewhat stiffer than the
experimental responses, after this stage, the strains in the concrete calculated by ANSYS are higher
than those from the experimental results especially in the bottom fibers as shown in figures 21 and
22.

The analytical results show that, there is a significant increase in concrete strain of bubbled section
occupied by the spherical voids in comparison with solid section (between two voids) for the
bubbled slab.

4.4. Crack Pattern and Failure Mode

In finite element analysis, it is observed that, the first flexural cracking initiates at (39.8%-69%) of
the ultimate load, and at this stage of loading, the tensile stress in concrete reaches the modulus of
rupture, and crack appears in the zone of maximum tensile stress. As the load increases, flexural-
shear cracks appear in shear span. Flexural failure mode for bubbled slab (BD1) is shown as circles
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at midspan and spread toward the top fiber of bubbled slab in compression zone as shown in Fig.
23.

For prestressed bubbled slabs (BD2, BD4, BD5, BD6 and BD?7), the first flexural cracks are
observed as circles in the tension face of the bubbled slabs at midspan. As the load is increased,
these cracks spread horizontally to the support and vertically to the top fiber of slabs, and when load
increases, web-shear or flexural-shear cracks form diagonally in the voids region resulting in shear
failure, as shown clearly in Fig. 24 for bubbled slab (BD6).

5. CONCLUSION
Based on the analytical results, the following conclusion may be drawn:

1- The general behavior of the finite element models represented by the load-deflection curves at
the midspan of the bubbled slabs shows good agreement with the experimental results. However,
the finite element models show slightly more stiffness than the test data in both the linear and
nonlinear ranges. The effects of bond slip and micro-cracks that occur in the experimental slabs
which are excluded in the finite element models are contributing to the higher stiffness of the finite
element models.

2- First cracking and ultimate loads for most models calculated by the finite element analysis are
almost higher than those from the experimental data.

3- The variation of strain over the depth of cross-sections due to the incremental load for the finite
element models, shows good agreement with the test data. Also, The analytical results show that,
there is a significant increase in concrete strain of bubbled section occupied by the spherical voids
in comparison with solid section (between two voids).

4- The crack patterns at the first cracking and ultimate loads obtained by the finite element models
correlate well with the observed failure modes of the experimental slabs.
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NOMENCLATURE
A, = ultimate deflection, mm

£..., = ultimate compressive strain
f2 =the cylinder compressive strength of concrete, MPa
f. =stress at any strain =, MPa

£, = strain corresponding to (0.37))

£, = strain at the ultimate compressive strength £

w_= the air-dry unit weight of concrete, kg/m?3

Table 1. Summary of test data ,Oukaili and Yasseen, 2014.

Thickness of Sphere Distance c/c Tvoe of Number of Number
Specimen | Specimen, Diameter, | of Spheres, D/H _YP Bars and / or of
Reinforcement
mm mm mm Strands Spheres
BD1 150 100 115 0.67 Non-prestressed 29012 mm 80
. 6012 mm &
BD2 Partially Prestressed 2012.7 mm
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. 2012 mm &
BD4 Partially Prestressed 2012.7 mm
BD5 Fully Prestressed 2¢12.7 mm
. 2012 mm &
BD6 Partially Prestressed 3¢12.7 mm
BD7 Fully Prestressed 3¢12.7 mm
Table 2. Real constant.
Real
Constant El_le_meent Constant
set yp
Real Constant | Real Constant | Real Constant
for Rebar 1 for Rebar 2 for Rebar 3
1 SOLID65 Material number 0 0 0
Volume ratio 0 0 0
Orientation angle 0 0 0
Cross-sectional area, mm 99.6
2 LINKS8 Strand @ 12.7mm
Initial strain, mm/mm 0.0056
Cross-sectional area, mm 113.09
Steel ® 12mm
3 LINKS Initial strain, mm/mm 0
Cross-sectional area, mm 78.53
Steel ® 10mm
4 LINKS Initial strain, mm/mm 0
Cross-sectional area, mm 7.06
5 LINKS8 Steel @ 3mm
Initial strain, mm/mm 0
Cross-sectional area, mm 28.27
6 LINKS Steel ® 6mm
Initial strain, mm/mm 0
7 SOLID45 Steel Plate

Table 3. Material properties.

Material Element
model type Material properties
number P
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SOLID65

Linear i otropic

Ex 27583MPa
PRXY 0.2
Multilinear isotropic
Strain Stress, MPa
Pointl | 4 00046 12.93
PoINt2 | hoos 15.98
PoINt3 | 0015 20.74
Point4 | 0020 35.83
Point 5 0.0029 43.10
Concrete
ShrCf-Op 0.2
ShrCf-Cl 0.8
UnTensSt 4.31MPa
UnCompSt 43.1MPa
BiCompSt 0
HydroPrs 0
BiCompSt 0
UnTensSt 0
TenCrFac 0
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b Element . .
model Material properties
number type
Linear isotropic
Ex 197500MPa
PRXY 0.3
Multilinear isotropic
Strain Stress,
LINKS8 MPa
2 Strand ® | Point1 | 0.0085 1657
12.7mm Point2 | 0.009 1724
Point 3 | 0.0095 1751
Point4 | 0.010 1770
Point5 | 0.015 1827
Point6 | 0.020 1860
Linear isotropic
Ex 200000MPa
LINKS PRXY 0.3
3 Steel @ Bilinear isotropic
12mm Yield Stss 442MPa
Tang Mod OMPa
Linear isotropic
Ex 200000MPa
LINKS PRXY 0.3
4 Steel @ Bilinear isotropic
10mm Yield Stss 483MPa
Tang Mod OMPa
Linear isotropic
Ex 200000MPa
LINKS PRXY 0.3
5 Steel © Bilinear isotropic
3mm -
Meshes Yield Stss 546MPa
Tang Mod OMPa
Linear isotropic
Ex 200000MPa
LINK8 PRXY 0.3
6 Steel ® Bilinear isotropic
6mm -
Stirrup Yield Stss 598MPa
Tang Mod OMPa
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Linear isotropic

SOLID45 Ex 200000MPa
PRXY 0.3
Table 4. Comparison of experimental and analytical results.
o Experimental Finite Element Analysis P, (EXP) P.(EXP)
pecimen Camber, P... P, A, Camber, Per, Pu: Ay, /Pcr(FEM) /Pu(FEM)
mm kN kN mm mm kN kN mm
BD1 0 14 435 | 14.90 0 16.5 41.5 13.84 0.85 1.05
BD2 2.16 54 92 21.54 2.00 56.5 106.5 | 18.97 0.95 0.86
BD4 2.30 46 86 20.00 2.00 51.5 92.75 | 19.75 0.89 0.92
BD5 2.45 40 78 16.05 2.10 51 73.87 | 17.42 0.78 1.05
BD6 3.98 65 98 19.42 3.00 66.5 | 105.25 | 16.66 0.97 0.93
BD7 4.40 61 94 14.60 3.40 66.5 95.25 | 13.49 0.91 0.98
-— ——— -
2Prestressed Strands Plastic Stirrups®6 mm
il (7wires)®12.7mm 2010 mm Spheres
13 15mm ® 100mm /
STy J H / Welded Wires
138 T \ & /| o ¥ L ~Mesh ®3mm
8s
f: 150 mm
0
t 9 l [ J .\ IBS mm
:: 460 mm :: 2®12mm
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Figure 2. Reinforcement details.
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Figure 3. Full-scale model under loading.
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Figure 4. Simplified compressive uniaxial stress-strain curve for concrete.
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Figure 5. Steel stress-strain relation.
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Figure 10. Modeling of concrete bubbled slab, steel supporting plate and steel loading plate.
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Figure 11. Modeling of flexural and shear reinforcement.
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Figure 12. Meshing of concrete, support and plate.
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Figure 13. Loads and boundary conditions.
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Comparison of experimental and analytical load-central deflection curves for BD2.
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Figure 16.

Comparison of experimental and analytical load-central deflection curves for BD4.
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Figure 17. Comparison of experimental and analytical load-central deflection curves for BD7.
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(a) Deflected shape due to prestressing force.
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(b) Deflected shape at failure.
Figure 18. Deflected shape for BD7.
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Figure 19. Strain contour for BD1 at ultimate load.
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Figure 20. Strain contour for BD4 at ultimate load.
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Figure 21. Comparison of experimental and analytical load-concrete strain curves for BD1.
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BD2, FEM, Solid Section
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Figure 22. Comparison of experimental and analytical load-concrete strain curves for BD2.
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ABSTRACT

Heaith and environmental factors as well as operational difficulties are major challenges facing
the development of an anaerobic digestion process. Some of these problems relate to the use of
sludge collected from primary and secondary clarifier units in wastewater treatment plants for
laboratory purposes.

The present study addresses the preparation of sludge for laboratory purposes by using a mixture
that consists of the digested sludge, which is less pathogenic, compared to the collected sludge
from the primary or secondary clarifier, and food wastes. The sludge has been tested
experimentally for 19 and 32 days under mesophilic conditions. The results show a steady
methane production rate from the anaerobic digester which used sludge with a rate of 1.5 I/day
and concentration around 60%, with comparatively low H,S gas content (10 ppm). The methane
produced from the digester that used only digested sludge decreases during the experimental
period.

Keywords: anaerobic digestion, digested sludge, food waste, biogas.
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1. INTRODUCTION

Anaerobic digestion is an important economic and biological process. It includes four stages
(hydrolysis, acidogenesis, acetogenesis, and methanogenesis) in the absence of oxygen. The
main benefits of this process are: sludge stabilisation; reduction of pathogens; reduction of odour
and solids content in the sludge; conversion of organic matter into energy (biogas) for use as a
renewable energy source; and production of fertilizer for agriculture ,Montgomery and
Bochmann, 2014 ,Castellucci et al., 2013 ,Chelliapan et al., 2012 ,Batstone et al., 2002 and
Angenent et al., 2004.

Collection of the sludge from either primary or secondary clarifier units for laboratory purposes
has become unacceptable for health and environmental reasons, which have become a major
concern for many researchers and being an additional burden when they are conducting their
experimental work.

Even though several attempts have been made to resolve these problems through the use of
simulated sludge, the results obtained from these experiments have been compromised by the use
of simulated sludge, and the question of how closely it conforms to real sludge. In most cases,
the physical, chemical and biological properties of fresh sludge, collected from wastewater
treatment plants, are unknown; in addition they continually change. Such changes can be
influenced by, for instance, the type of wastewater, sampling and storage duration, handlings and
transfers from wastewater treatment plant to the laboratory, weather conditions and seasonal
changes, variation of water treatment equipment design and operating conditions. Biologically,
many types of anaerobic bacteria exist in wastewater, Baudez et al., 2007.

The activity and type of these bacteria mainly depend on the characteristics of wastewater and
weather conditions at the time of sampling, as well as on the collection method used. These
parameters, for instance, would strongly affect the biogas production rate and the efficiency of
biodegradation of the organic matter in the sludge. Chemical and physical properties of sewage
sludge vary with time; this makes it difficult to link the results obtained from experiments carried
out using different sludge batches (e.g. starter inoculums).

Therefore, in an attempt to prevent this problem occurring, the authors of the present study
considered using an identical sampling procedure for the sludge by taking sludge samples from
one pre-identified source. The sludge inoculums which been simultaneously taken from a
wastewater treatment plant would have been introduced into the two reactors under similar
operating conditions, in an attempt to produce the most accurate results possible; as is reported in
this study. However, the collection of sludge samples from primary and/or secondary clarifiers
for lab-tests has become unacceptable due to numerous health and environmental restrictions.

Hence, a process for the simulation of sludge samples has been adopted in an attempt to
overcome these restrictions.

In earlier studies, a synthesised sludge consisting of organic and inorganic synthetic components
has been used, Baudez et al., 2007and Dursun et al., 2004. However, the suggested methods
still need to be further clarified through simpler procedures for preparation and use.

This study suggests using a mixture of digested real sludge (which pose less danger than sludge
collected from primary and secondary clarifiers) and simulated sludge formed from food waste.
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2. MATERIALS AND METHODS

2.1 Synthetic the Suggested Sludge

Achieving secure discharge of the food waste collected from households, restaurants, and
residues from the food industry, which makes up about 70% of the total municipal solid waste in
Malaysia, Hassan et al.,2001 and three billion tons in Europe in 2003 ,Pavan et al., 2007 has
become a major challenge for the environment. Several methods have been used for the
treatment of food waste. Although landfill dumping of food waste has been the most common
method of reducing the volume, pathogens and odour of such waste, the incurred costs and
comparatively large areas taken up by landfill sites are serious drawbacks of this method.
Utilisation of food waste as a source of energy generation has become the best practice both,
environmentally and economically, through the use of biological processes such as anaerobic
digestion. Such treatments have the combined benefits of reducing the effects of food wastes as
well as producing biogas and digested sludge (compost) which can be used as soil fertiliser. The
different types of organic matter which make up food waste are presented in Table 1 ,which
shows the substrates that are required for the anaerobic digestion process.

The simulated sludge, which was suggested in this study, consists of a mixture of anaerobic
digested sludge mixed with food wastes. The components and quantities of the food wastes
constituents used in the present study are presented in Table 2.

Fresh meat, red beans, peas, lentils, white beans, chickpeas, carrots, and rice are the principle
materials used in the sludge in the present study, since these materials have the organic material
(lipids, polysaccharides, proteins and nucleic acids) necessary for anaerobic bacteria. The first
six materials were initially boiled at 100 °C for 1 hour, before being added to the rice, which has
been soaked in water for 24 hours. Then, the product from the previous stage was thoroughly
mixed for 30 min to make a simulated food waste with more slurry after adding the water.

According to the recommendations provided by earlier studies, feeding the digester with
nutrients or trace metals was not necessary, Perez-elvira et al., 2011 ,Chamy and Ramos,
2011, ,Braguglia et al., 2011, ,Kim et al., 2011 and Siggins et al., 2011. The studies reported
that sludge taken from wastewater treatment plant did not require the addition of any
supplementary nutrients or trace metals, as the used sludge already contained lipids,
polysaccharides, proteins and nucleic acids that are required for the digestion process.

The digested sludge, used in these experiments, was collected from an outlet stream of a full-
scale mesophilic digester at “Woodhouse wastewater treatment plant” in the UK.

2.2 The Experimental Setup

Two main setup procedures were applied in this study. The first procedure was experimental
testing of the suggested mixture, which was used in the first setup trial. This mixture consisted of
a portion of the digested sludge collected from our earlier experiments and a portion of the
digested sludge collected from the anaerobic digester from wastewater treatment, in addition to
the food waste which was simulated and prepared in the present study. The aim of the second
setup practice was to analyse the prepared simulated sludge in order to create a semi-continues
process for long operation periods.

In this experiment, two identical bench-scale anaerobic digesters were setup. The digester has an
overall volume of 15 litres, with a working volume of 9 litres. The working days of this
experimental work were 19 and 32 days. The digesters were operated under mesophilic
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conditions (36°C to 38°C). Continuous measurements of biogas produced from both digesters
were achieved by downward displacement of acidic aqueous solution (pH <4). All volumes of
biogas given in this study have been corrected to 1atm pressure and 20°C. Thus, the total volume
of biogas equals to volume of the collector (i.e volume of cylindrical tube). Continuous
measurement of methane, carbon dioxide and hydrogen sulphide concentrations in the biogas
mixture was carried out daily by biogas analyser (Data gas analyser, Model 0518) at latm
pressure. A schematic diagram and photograph of the experimental apparatus is shown in Fig.1
and Fig.2 respectively. The digested sludge collected from Woodhouse Wastewater Treatment
Plant (WWTP) in the United Kingdom, was used with the same preparation procedure that was
used in first stage.

A PID controller was used in the present study to maintain the temperature in the reactor with
mesophilic conditions. The digester was fitted with a pH controller, type ON/OFF controller
(model BL931700 pH minicontroller) to monitor pH values in the digester. 0.2M sodium
bicarbonate (NaHCO3) was used to adjust the digester pH to the optimum pH value, (6.8 - 7.4,
which provides a suitable environment for growth of the anaerobic bacteria).

Volatile fatty acids (VFAS) content was measured according to Hach Lange for Water Quality
procedure, Esterification method, 1962 in which the sample was filtered by centrifugal device
(Eppendorf centrifuge 5810) at 2000 rpm for 10 min. Then, an aliquot of 0.5 ml of centrifuged
sample was pipetted into a dry 25 ml sample cell. While the second dry sample cell has 0.5 of
deionised (DI) which was prepared to calibrate the spectrometer device. Ethylene glycol (1.5 ml)
and sulphuric acid (0.2 ml and 19.6 N) were also introduced into each sample cell. The
hydroxylamine hydrochloride solution (0.5 ml), sodium hydroxide (2.0 ml and 4.5 N) and ferric
chloride sulphuric acid solution (10 ml) are used in the evolution of VFAs.

3. RESULTS AND DISCUSSION

Many experiments with different conditions and methods were conducted in order to achieve the
best simulation process. The experiments were carried out starting with raw sludge collected
from WWTP, followed by the direct use of the food waste and digested sludge. Although many
experiments gave negative results, some of the experiments which showed positive results have
encountered environmental problems (e.g. producing huge amounts of H,S gas). For instance,
when the food waste was used as a sole feed stock with no added digested sludge; huge amounts
of biogas were produced with comparatively high H,S content, which was out of the range of the
biogas analyser used in this experiment. This increase was result of high organic loading rate that
led to inhibit the methanogenesis bacteria, Babaee and Shayegan, 2011. Thus, hydrogen and
acetate produced from the early stage of this process can be consumed by sulfate-reducing
bacteria, which considers thermodynamically favourable more than methanogenesis bacteria in
consumption of hydrogen and acetate, to produce hydrogen sulphide ,Isa et al., 1985. Therefore,
concentration of hydrogen sulphide in the biogas is an indicator of the success or otherwise of
the anaerobic digestion process, Karhadkar et al., 1986. This problem, consequently led to a
full shut down of the digestion process.

In further experiments, the efficiency of the simulated sludge prepared for use in this study was
evaluated by measuring the biogas production rate from anaerobic digestion as methane gas. The
latter is produced by methanogenic bacteria through the anaerobic digestion process, which,
when encounters any problem, prevents or slows biogas production (methane and carbon
dioxide). Methane, carbon dioxide and hydrogen sulphide, as well as oxygen, were continuously
monitored during the experimental operation period.
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The effect of the addition of the food waste supplement to the feed substrate on biogas
production has been investigated in this section. Figs.3 and 4 show vyield of biogas from two
anaerobic digesters fed with and without supplementary food waste substrate, respectively. It can
be clearly seen that the amount of biogas produced from the first digester, which was fed with
supplementary food waste, is more than that produced from the second digester (e.g. fed with
only digested sludge).

Fig.5 shows the biogas concentration produced from the digester that was fed with 15 ml of food
waste. During the first six days of the experiment, the carbon dioxide produced from the digester
was more than the methane. The main reason for this is that high production of carbon dioxide
takes place in the second stage of the anaerobic digestion process via converting the propionate
and butyrate to acetate, hydrogen and carbon dioxide as shown in the following equations.
Moreover, the acidogenesis bacteria are faster growing than methanogenesis bacteria. However,
it depends on the activity of anaerobic bacteria, sampling and operational conditions.

3C,H,,0, — 4CH,CH,COOH + 2CH,COOH + 2C0, + 2H,0
CH,CH,COOH + H,0 — CH,COOH + CO, + 3H,

C;H,,0, ——— CH;CH,CH,CO0OH + 2C0, + 2ZH,

C,H;0, + 2H,0 ——— ZCH,;CO0H + ZCO0, + 4H,

As some of the produced carbon dioxide remains as a dissolved gas in the sludge, another
portion of CO, gas strips up of the digester to biogas collector.

In addition, in this stage, the methanogenic bacteria have a very slow growth and they need time
to complete the fermentation process. These bacteria convert a part of the produced carbon
dioxide to methane by reducing the partial pressure of hydrogen produced from the second phase
to around 10 atmosphere, Schink, 1997 and Stams et al., 2005. Reduction of hydrogen
concentration to this level ensures the success the whole process by reducing the accumulation of
volatile fatty acids, as well as increasing the production of methane. The amount of methane
produced from the reaction of hydrogen with carbon dioxide is estimated by 30%, Appels, et
al., 2008, ,Sahlstrom, 2003 ,Ahring, 2003 and Metcalf and Eddy, 2003. Thus, the methane
production usually increases day per day until reaches to a known-value (e.g. ~60%). During the
operation of the anaerobic digestion process, 15 ml of food waste slurry was fed into the digester
every day. Equally, similar quantities of sludge were removed daily from the digester in order to
maintain a constant working volume.

In order to evaluate the efficiency of the degradation process of organic material (food waste) at
different stages, the concentration of volatile fatty acid (VFAsS) was measured at different
intervals during the operating period, considering that the VFAs are raw materials to produce the
acetates molecules by acetogenic bacteria. Fig.6 below indicates that the concentration of VFAs
in the digester fed with sludge and food waste show higher values than that in the digester with
sludge only. Moreover, there were no significant variations in pH values throughout the
experiments, and the pH values were kept at optimal conditions as shown in Fig.7. Thus, this
finding evidently supports the fact that the increase in VFAs was not because of an accumulation
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process, but these values would be converted into acetate by acetogenic bacteria and then to the
methane by methanogenic bacteria.

Although the experiment in this stage has shown encouraging results with both digested sludge
and food waste, this experiment was repeated but for a longer operation period in an attempt to
confirm the obtained results and the behaviour of the process. Figs.8 and 9 show the methane
and carbon dioxide produced from the anaerobic digester, respectively, over 32 days of
operation. The trend of methane production has been stable during the operation period.

Fig.10 below shows percentages of biogas components (e.g. CH,; and CO,) produced from the
anaerobic digester fed with a simulated sludge. It can be seen that the percentages of main gases
(methane and carbon dioxide) were around 60-70% and around 20%, respectively. The data
obtained from the experiments shows that the use of suggested simulated sludge keeps operation
of the anaerobic digestion with desired results, providing that H,S values are kept low as shown
in Fig.11.

It would, therefore, be expected that any accumulation of dissolved CO; in the digesters without
pH control would lead to lowering of pH, however, as shown in Fig.12, the results showed the
capability of the used pH control system to maintain the pH within an ideal range in both
digesters. It should also be noted that there was also a natural buffering effect whereby acids
produced can immediately react with ammonia produced from biodegradation of proteins.

4. CONCLUSION

Collecting sludge from either primary or secondary clarifier units in wastewater treatment plants,
for laboratory purpose, has been unacceptable due to several health and environmental reasons.
The present study suggested mixture, which consists of digested sludge fed with food waste as
semi-continuous process, for laboratory purposes. The results obtained from the experiments
shows that the use of the suggested simulated sludge through 19 and 32 day, keeps operation of
the anaerobic digestion with desired results (60% methane), while the hydrogen sulphide values
are kept low no more than 10 ppm. According to these results, the use of such a preparation for
the purposes of laboratory when dealing with anaerobic digestion, provides the stability of the
process with less environmental and health hazard.
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Table 1. Type of organic matters in food waste.

Organic
materials

Source

Lipids

Butter, Cheese, Whole Milk, Ice Cream, Cream And Fatty Meats

Polysaccharides

Potatoes, Wheat, Corn, Rice, and Cassava

Protein

Lamb, Egg, Beef, Marmite

Nucleic acids

Plant and animal foods like meat, Certain vegetables and alcohol

Table 2. Details of materials which was used in the synthetic sludge.

Name Organic content Quantity (g)
Carbohydrates (80%), Fat, Protein, Vitamin
B1,2,3,5,6,9,C, Calcium, Phosphorus, Potassium,
1 Rise Iron 1250
2 Meat Protien 400
3 | Redbean | Protien, Carbohydrates, Fat
Carbohydrates, Fat, Protein, Vitamin A,
4 Peas B1,2,3,5,6,9,C, Iron
Protien, Sugars, Carbohydrates, Fat, Vitamen B1,9, 600
5 Lentils Cacium, Iron, Phosphorous, Potassium, Sodium
6 | White bean | Protien, Carbohydrates, Fat
Carbohydrates, Fat, Sugar, Protein, Vitamin A,
B1,2,3,5,6,9,12,C,E, K Iron, Phosphorus, Potassium,
7 | Chickpea | Sodium
Carbohydrates, Fat, Sugar, Protein, Vitamin , Iron,
8 Carrot Phosphorus, Potassium, Sodium
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Figure 3. Effect of food waste feeding on biogas production.
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Figure 4. Cumulative methane production from anaerobic digester containing digested sludge
only compared to that also fed by food waste.
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Figure 5. Concentration of methane (CH,4) and Carbon dioxide (CO,) in biogas produced from
the digester containing digested sludge and fed by food waste.
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Figure 6. Variation in volatile fatty acids concentration in the digester fed with food waste and
the digester fed only with digested sludge.
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Figure 10. Concentration of methane and carbon dioxide in the biogas produced from the

anaerobic digester fed with simulated sludge.
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Figure 11. Hydrogen sulphide production by the anaerobic digester fed with simulated sludge.
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ABSTRACT

Hot mix recycling of asphalt pavements is increasingly being used as one of the major
rehabilitation methods by various highway agencies. Besides general savings in costs and energy
expended, it also saves our natural resources and environment. Recycling process presents a
sustainable pavement by using the old materials that could be reclaimed from the pavement;
these materials could be mixed with recycling agents to produce recycled mixtures. The
important expected benefits of recycling process are the conservation of natural resources and
reduction of environmental impact. The primary objectives of this work are evaluating the
Tensile and Shear Properties of recycled asphalt concrete mixtures, In addition to the resistance
to moisture damage. The impact of implementing three types of recycling agents on asphalt
concrete properties was also investigated. For this purpose, old materials reclaimed from field,
(100% RAP), virgin filler at 3 percent content by weight of mixture and three types of recycling
agents ( soft asphalt cement of penetration grade 200-300, soft asphalt cement of penetration
grade 200-300 blended with 4% silica fumes and soft asphalt cement of penetration grade 200-
300 blended with 6% fly ash ) at 1.5% content by weight of mixture have been implemented and
used to prepare recycled mixtures. Mixtures were subjected to the following tests: Marshall Test
(12 specimens), indirect tensile strength test at 20°C, 25°C, 40°C, and 60°C (48 specimens),
indirect tensile ratio ( 12 specimens), double punch shear test (12 specimens).

It was found that using (soft asphalt cement blended with silica fumes) as a recycling agent
revealed better performance results than the other type of recycling agent. The percentages of
variation for recycled mixtures with recycling agent of (soft asphalt cement blended with silica
fume) when compared to aged mixture were ( -13.8%, -25.05%, 229.5%, -47.67%, ) for
properties of ( Marshall stability, indirect tensile strength at 60°C, tensile strength ratio, double
punch test,), respectively.

Key words: recycled mixture, recycling agent, asphalt cement, silica fumes, flyash.
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1. INTRODUCTION

Recycling is the process of reusing the existing pavement materials that no longer serve the
traffic effectively. The recycling of pavements can be seen as a sustainable option, as it is a
production process with environmental and economic benefits. When the pavement mixture
reaches the end of its service life it may be disposed or recycled. Using Reclaimed Asphalt
Pavement (RAP) is considered as an economical and environmental friendly process; it preserve
the natural resources and could produce similar structural performance when compared with
virgin asphalt mixtures ,Hussain and Yanjun, 2012. Most of the local research work on
recycling concentrates on the physical properties of recycled mixes; little attention has been paid
on the durability issue of recycled mixes. In fact using RAP in pavement construction has now
become common practice in many countries. In Iraq, most of asphaltic pavement needs
maintenance or rehabilitation; therefore, asphalt pavement recycling could be suggested for
maintenance, rehabilitation or even reconstruction process at economical basis with acceptable
properties. The most important properties which should be investigated are the Tensile and Shear
Properties of recycled asphalt concrete to improve serviceability, reduce maintenance costs and
impair safe operations. This Properties is caused by the accumulation of permanent deformation
in all or some layers in the pavement structure. In this work, a detailed investigation was carried
out to evaluate the durability of recycled asphalt concrete in terms of Tensile and Shear
Properties and resistance to moisture damage.
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2. MATERIALS CHARACTERISTICS

2.1 Aged Materials

The reclaimed asphalt mixture was obtained by the rubblization of full depth asphalt concrete
from highway section. This highway was constructed during 1982; the highway was heavily
deteriorated with various cracks and ruts existed on the surface. The rubblized section involves
asphalt stabilized base coarse layer and two layers of binder coarse. The reclaimed mixture was
heated, combined and reduced to testing size as per AASHTO 2013; a representative sample was
subjected to Ignition test according to AASHTO T 308 procedure to obtain binder and filler
content, gradation and properties of aggregate. Table 1 presents the properties of aged materials
after Ignition test while Table 2 presents gradation of old ( reclaimed ) aggregate obtained from
aged mixture. It can be seen that the gradation is finer that that specified for the reclaimed layers
(base and binder courses), this may be attributed to the possible degradation of aggregate under
traffic through the pavement life.

2.2 Mineral Filler
Mineral filler used in this work is limestone dust obtained from factory in Holy Karbala
governorate. The physical properties of the used filler are presented in Table 3.

2.3 Recycling Agents

2.3.1 Soft grade asphalt cement

Asphalt cement of penetration grade 200-300 obtained from Al-Dura refinery was adopted for
recycling in this work. Its physical properties are listed in Table 4. Soft asphalt cement will be
referred as "soft AC" in this study.

2.3.2 Soft grade asphalt cement blended with silica fumes

Asphalt cement of penetration grade 200-300 from Al-Dura refinery was blended with 4% of
silica fumes which were obtained from local market based on ,Sarsam, 2013. It is an ultra-fine
powder consisting of nearly spherical particles around 100 times smaller than a grain of cement.
Soft Asphalt was heated to nearly 110°, and the silica fumes were added gradually to the asphalt
cement with stirring until homogenous blend was achieved; the mixing and stirring continued for
30 minutes by a mechanical blender. Table 5 shows physical properties of silica fumes while
Table. 6 presents physical properties of soft asphalt cement 200-300 blended with silica fumes.
Soft asphalt cement blended with silica fume will be referred as "Soft AC+Silica fumes™ in this
work.

2.3.3 Soft grade asphalt cement blended with fly ash

Asphalt cement of penetration grade 200-300 from Al-Dura refinery was blended with 6% of Fly
ash which was obtained from local market based on ,Sarsam, 2013. Soft Asphalt was heated to
nearly 110°, and the Fly ash was added to the asphalt cement gradually with stirring until
homogenous blend was achieved. The mixing and stirring continued for 30 minutes by a
mechanical blender. Table 7 shows physical properties of Fly ash while Table 8 presents
physical properties of soft asphalt cement 200-300 blended with Fly ash. Soft asphalt cement
blended with Fly ash will be referred as "Soft AC+Fly ash™ in this work. Fig. 1 shows recycling
agent types and the mechanical blender adopted.

3. EXPERIMENTAL PROGRAM
3.1 Preparation of Mixtures
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3.1.1 Reclaimed mixture (reference mixture)
Reclaimed mixture was obtained from the reclaimed material from field. It was heated to 145°C
and specimens were prepared for further testing to investigate the performance after recycling.

3.1.2 Preparation of recycled mixture

Recycled mixture consists of reclaimed mixture (RAP) 100%, virgin mineral filler and recycling
agent mixed together at specified percentages according to the mixing ratio. First, RAP was
heated to approximately 160°C, mineral filler was heated to 160°C. and recycling agent was
heated to 130°C separately before it was added to the heated RAP and filler at the desired
amount; 3% by weight of mixture of the mineral filler was added and 1.5 % by weight of mixture
of the recycling agents was added and mixed for two minutes until all mixture was visually
coated with recycling agent as addressed by ,Sarsam, 2007. The recycled mixture was prepared
using three types of recycling agents: soft asphalt cement, soft asphalt cement blended with silica
fume and soft asphalt cement blended with Fly ash.

3.1.3 Preparation of accelerated short term aged recycled mixture

Recycled mixtures was heated to 130°C to become loose and then spread in shallow trays with
3cm thickness and subjected to one cycle of accelerated aging process by storage inside an oven
at 135°C for 4 hours as per superpave procedure ( PP2 ). The mix was stirred every 30 minutes
during the short term aging process to prevent the outside of the mixture from aging more than
the inner side because of increased air exposure. After the accelerated aging process was
completed, Marshall Specimens were constructed from the aged asphalt concrete after heating
the material to 150°C.

3.2 Preparation of Marshall Specimens

It is a cylindrical specimen of 102 mm in diameter and 63.5 mm in height. Marshall mold,
spatula, and compaction hammer were heated on a hot plate to a temperature between 120-
150°C. A piece of non-absorbent paper, cut to size, was placed in the bottom of the mold before
the mixture was introduced. The asphalt mixture was placed in the preheated mold, and then it
was spaded vigorously with a heated spatula 15 times around the perimeter and 10 times around
the interior. Another piece of non-absorbent paper cut to size was placed on the top of the mix.
The temperature of mixture immediately prior to compaction temperature was 150°C. The mold
assembly was placed on the compaction pedestal and 75 blows on the top and the bottom of
specimen were applied with specified compaction hammer of 4.535 kg sliding weight, and a free
fall in 457.2 mm. The specimen in mold was left to cool at room temperature for 24 hours and
then it was extracted from the mold using mechanical jack. Marshall Specimens were subjected
to the following tests: Marshall Test (12 specimens), indirect tensile test at 20°C, 25°C, 40°C, and
60°C (48 specimens), indirect tensile ratio (12 specimens) and double punch test (12 specimens).
Fig. 2 presents a group of prepared specimens.

3.3 Laboratory Evaluation for Asphalt Concrete

3.3.1 Resistance to plastic flow (Marshall test)

This method covers the measurement of the resistance to plastic flow of cylindrical specimen of
asphalt paving mixture loaded on the lateral surface by mean of the Marshall apparatus
according to ASTM D 1559. The cylindrical specimen was conditioned by placing it in water
bath at 60°C for 30 minute, then it was inserted into the testing device, and compressed on the
lateral surface with a constant load rate of 50.8 mm/min until the dial gage reached the maximum
load resistance which is recorded as stability, and the corresponding flow value at that point was
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also recorded. The entire test was performed within 30 sec after the specimen was removed from
water bath. Three specimens for each combination were tested and the average results were
reported. Fig. 3 shows Marshall Test Device.

3.3.2 Indirect tensile strength test and temperature susceptibility

The indirect tensile strength followed the procedure of ASTM D6931-07; Marshall Specimens
were used in this test, and percent of air voids for specimens was the same as that for Marshall
test. After the specimen was cooled at room temperature for 24 hours, it was conditioned by
placing in water bath at four different temperatures 20, 25, 40, and 60 °C for 30 minutes and then
the specimen were centered on the vertical diametrical plane between the two parallel loading
strips 12.7 mm in wide. Vertical compressive load at rate of 50.8 mm/min by Versa tester
machine was subjected until the dial gage reading reached the maximum load resistance; the
reason of conducting this test is to evaluate the tensile strength and temperature susceptibility for
the mixtures. Fig. 4 presents Indirect Tensile Test Device. The indirect tensile strength was
calculated by the following equation: ASTM D4123

2000 P

ITS = —— 1
S mxT*xD (1)

where:

ITS = indirect Tensile Strength, kPa

P = maximum load resistance at failure, N

D = diameter of specimen, mm

T = thickness of specimen immediately before test, mm

The temperature susceptibility was calculated by the following equation: Husham, 1999

G (ITS)t1 — (ITS)t2
B t2 —t1

(2)

where:

TS = temperature susceptibility (kPa / °C)
(ITS)t1= indirect tensile strength at t1 =25°C
(ITS)t2 = indirect tensile strength at t2 =40°C

3.3.3 Indirect tensile strength ratio test

The test was performed to evaluate the moisture damage resistance of mixtures, and the
procedure followed ASTM D4867. A set of six specimens were prepared, three specimens were
tested for indirect tensile strength by storing in a water bath at 25°C for 30 minutes, and an
average value of ITS for these specimens was computed as SI (ITS for unconditioned
specimens). The other three specimens were conditioned by placing in volumetric flask 4000-ml
heavy- wall glass filled with water at room temperature 25°C and then a vacuum of 28mm Hg
was applied for 5 to 10 min. to obtain 55 to 80 % degree level of saturation. The specimens were
then placed in deep freeze at -18°C for 16 hours. The frozen specimens then were moved to a
water bath for 24 hours at 60°C. Then they were placed in a water bath at 25°C for 1 hour, and
they were tested for indirect tensile strength. The average value was computed as Sl (ITS for
moisture-conditioned specimens). Fig. 5 shows the process of conditioning of specimens for
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TSR test .The indirect tensile strength ratio could be calculated from the following equation:
ASTM D4867

TSR SH 100 3
= — %
5] 3

Where:

TSR = indirect tensile strength ratio, %

SlI=average ITS for unconditioned specimens, kPa

Sl = average ITS for moisture-conditioned specimens, kPa

3.3.4 Double punch shear test

This test procedure was developed at the University of Arizona by Jimenez 1974, and it was used
to measure the stripping of the binder from the aggregates. This test was reported by many
studies ,Solaimanian, 2004 ,Turos, 2010 ,Sarsam, 2006 and Hasan, 2012. Marshall specimen
was used for this test; it was conditioned by placing in water bath at 60°C for 30 min. The test
was performed by centrally loading the cylindrical specimen, using two cylindrical steel punches
placed on the top and bottom surface of the sample. The specimen was centered between the two
punches 2.54cm in diameter, perfectly aligned one over the other, and then loaded at a rate of
2.54cm /minute until failure. The reading of dial gage at the maximum load resistance was
recorded. Fig. 6 shows Double Punch test apparatus. The punching strength is computed by the
equation:

_ p
"~ m(1.2bh — a?) )

ot

where:

ot = punching stress, Pa
P=maximum load, N

a= radius of punch, mm
b=radius of specimen, mm
h=height of specimen, mm

4. ANALYSIS AND DISCUSSION OF TEST RESULTS

4.1 Marshall Stability

It was found that recycling decreases Marshall stability, as the stability value was high for aged
mixture (19.2 kN), it decreased for recycled mixtures with (Soft Ac), (Soft Ac + Silica Fume)
and (Soft Ac + Fly ash) recycling agents by ( -17.45%, -13.8% and -5.73% ) respectively
compared with aged mixture. This may be attributed to the fact that aged mixture contains
hardened asphalt, which will lead to increased stability due to higher asphalt viscosity, while
recycled mixtures lack necessary bonding effect because of their reduced viscosity (increased
workability) and increased binder content (after adding the rejuvenator). This agrees well with
the findings of ,AL-Zubaidi, 2013. Mixtures with recycling agents (Soft Ac) showed lower
stability than (Soft Ac + Silica Fume), and (Soft Ac + Silica Fume) showed lower stability than (
Soft Ac + Fly ash), which indicates that bonding effect for (Soft Ac + Fly ash) is higher than the
other agents. Variation in the stability of mixtures is presented in Figure (4-2). Also it can be
seen from Fig. 7 that all mixtures has stability value more than ( 8 kKN ) which represent stability
of surface layer according to the specification limits of roads and bridges SCRB, 2003.
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4.2 Marshall Flow

Recycling revealed a pronounce increase in Marshall flow value corresponding to aged mixture.
All the types of recycled mixtures satisfied Marshall flow criteria of (2-4) mm, except recycled
mixture with (Soft Ac). Flow value for mixture with (Soft Ac) was higher than other mixtures.
While the Flow value for mixture with (Soft Ac + Silica Fume) was lower than other mixture.
Fig. 8 clarifies the flow results.

4.3 Effect of Recycling Agent Types on Indirect Tensile Strength (ITS)

Mixtures were subjected to indirect tensile strength test at 20°C, 25°C, 40°C, and 60°C. Three
specimens for each mixture type were tested, and the average value was obtained to represent the
tensile strength of this type at the specified temperature. Also, the temperature susceptibility for
each mixture type was obtained.

Recycling revealed a pronounce increase in ( ITS ) value at 20°C corresponding to aged mixture.
The percent of increase in ( ITS ) for recycled mixtures with ( Soft Ac, Soft Ac + Silica Fumes
and Soft Ac + Fly ash ) was ( 10.86%, 24.58% and 29% ) respectively as compared with aged
mixture. Fig. 9 presents the ( ITS ) values at 20°C.

Results indicated that tensile strength at 25°C for all the recycled mixtures was lower than aged
mixture value by ( -39.62%, -31.57% and -15%) for recycled mixtures with ( Soft Ac, Soft Ac +
Silica Fumes and Soft Ac + Fly ash) respectively as compared with aged mixture. Also Mixtures
with recycling agent of (Soft Ac) showed lower indirect tensile strength value than that with
(Soft Ac + Silica Fumes). On the other hand, mix with (Soft Ac + Silica Fumes) shows lower
indirect tensile Strength value than that with ( Soft Ac + Fly ash). Fig. 10 presents the ( ITS)
values at 25°C.

The reduction in Tensile strength values at 40°C for recycled mixtures was higher than that of
aged mixture. The percent of reduction in ( ITS ) value for recycled mixtures with ( Soft Ac, Soft
Ac + Silica Fumes and Soft Ac + Fly ash ) was ( -33.31%, -22.63% and -6.93% ) respectively
when compared with aged mixture. The recycled mixture with (Soft Ac + Fly ash) revealed the
highest tensile strength value as compared to other recycled mixtures, but it was lower than (ITS
) value of aged mixture.

At 60°C, the tensile strength for aged mixture was higher than that of recycled mixtures. The
percentages decrease in ( ITS ) value for recycled mixtures with ( Soft Ac, Soft Ac + Silica
Fumes and Soft Ac + Fly ash ) was ( -38.53%, -25.05% and -4.21% ) respectively. The recycled
mixture with (Soft Ac + Fly ash) had higher tensile strength value than other recycled mixtures.
Fig. 11 presents the ( ITS ) values at 40°C and Fig. 12 presents the ( ITS ) values at 60°C.

The reduction in ( ITS )value at ( 25°C, 40°C and 60°C ) for recycled mixtures are in contrast
with the findings of ,Hasan, 2012.

The temperature susceptibility results presented in Fig. 13 shows that recycled mixtures were
less influenced by temperature than aged mixture by ( -49.52%, -45.56% and -27.75% ) for
recycled mixtures with ( Soft Ac, Soft Ac + Silica Fumes and Soft Ac + Fly ash ) respectively.
Mixture with (Soft Ac) revealed the lower temperature susceptibility value than other recycling
agents. Mixture with (Soft Ac + Fly ash) was higher than both mixtures with (Soft Ac + Silica
Fume) and (Soft Ac) in temperature susceptibility. This might be caused by the properties of the
(Silica Fumes and Fly ash), as these agents are more influenced by temperature variation than
asphalt cement. The temperature susceptibility value for aged mixture was high due to the nature
of aged and hardened asphalt cement which leads to a mixture more susceptible to temperature
variation. Fig. 13 shows the temperature susceptibility results.
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4.4 Effect of Recycling Agent Types on Tensile Strength Ratio (TSR)

The results of tensile strength ratio showed that recycled mixtures had good resistance
to the action of water. The tensile strength ratio was higher than 80% for all recycled mixtures
Fig. 14, and the recycled mixture with (Soft Ac) had the highest ( T.S.R ) value comparing to
other recycled mixtures, while mixture with (Soft Ac + Fly ash) was lower than both mixtures
with (Soft Ac + Silica Fume) and (Soft Ac) in ( TSR ). The results revealed high improvement in
tensile strength for recycled mixtures with ( Soft Ac, Soft Ac +Silica Fumes and Soft Ac + Fly
ash ) by (1241.65%, 229.5% and 192.61% ) compared to aged mixture. This agrees well with the
findings of ,Hasan, 2012.

4.5 Effect of Recycling Agent Types on Punching Shear Strength

Double punch test indicates the stripping behavior between binder and aggregate, and
since recycled mixture contains recycling agent which has a softening effect in the mixture, the
stripping behavior was the concern of the study. The punching shear strength for recycled
mixtures was lower than aged mixture by ( -48.47%, -47.67% and -10.35% ) for recycled
mixtures with ( Soft Ac, Soft Ac + Silica Fumes and Soft Ac + Fly ash ) respectively and this
agrees with the findings of ,AL-Zubidi, 2013. This might be related to the lower viscosity of
binder in recycled mix compared to aged mix. Recycled mix with (Soft Ac + Fly ash) had the
highest punching shear strength value compared to the other recycled mixtures, and recycled mix
with (Soft Ac) revealed the lowest value. Fig. 15 presents double punch test results for recycled
and aged mixtures.

5. CONCLUSIONS

1. Significant reduction in Marshall Stability was noticed for recycled mixtures when
compared to aged mixture. The percent of reduction was (-17.45%, -13.8% and -
5.73%) for recycled mixtures with Soft Ac, Soft Ac + Silica Fumes and Soft Ac + Fly
ash, respectively.

2. Significant improvement in indirect tensile strength at 20°C was noticed for recycled
mixtures as compared to aged mixture. While (ITS) at 25°C, 40°C and 60°C revealed
low value for recycled mixtures when compared to aged mixture. The percent
improvement in (ITS) value at 20°C was (10.86%, 24.58% and 29%) for recycled
mixtures with Soft Ac, Soft Ac + Silica Fumes and Soft Ac + Fly ash, respectively.
While the percent reduction in ( ITS ) value at 25°C was ( -39.62%, -31.57% and -
15% ), and at 40°C was ( -33.31%, -22.63 and -6.93% ) and at 60°C was ( -38.53%, -
25.05% and -4.21% ) for recycled mixtures with Soft Ac, Soft Ac + Silica Fumes and
Soft Ac + Fly ash , respectively.

3. The results of tensile strength ratio showed that recycled mixtures had good resistance
to moisture damage by (241.65%, 229.5% and 192.61% ) for recycled mixtures with
Soft Ac, Soft Ac + Silica Fumes and Soft Ac + Fly ash, respectively as compared with
aged mixture.

4. Punching shear strength for recycled mixtures was lower than that of aged mixture by
(-48.47%, -47.67% and -10.35%) for recycled mixtures with Soft Ac, Soft Ac + Silica
Fumes and Soft Ac + Fly ash, respectively.
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Table 1. Properties of reclaimed materials after ignition test.

Material Property Value
Asphalt binder Binder content % 4.94%
Bulk specific gravity 2.56
Apparent specific gravity 2.619
Coarse aggregate
Water absorption % 1.057%
Wear% (Los Angeles abrasion) 22%
Bulk specific gravity 2.590
Fine aggregate Apparent specific gravity 2.819
Water absorption % 1.91%
Percent passing sieve no.200 98%
Mineral filler
Specific gravity 2.82
Stability 19.2 kN
Flow 3.3mm
. Marshall
Aged Mixture ]
Properties Air voids 6.14%
Bulk density 2.322 gm/cm®
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Table 2. Gradation of old (reclaimed) aggregate obtained from aged mixture.

SCRB Specification
Sieve no. | Sieve size (mm) | % Passing by weight Base Binder or
course leveling
cours
155" 375 | - 100
1" 25.4 100 90-100 100
3/4" 19 99 76-90 90-100
172" 12.5 94 56-80 70-90
3/8" 9.5 85 48-74 56-80
No.4 4.75 61 29-59 35-65
No.8 2.36 49 19-45 23-49
No.50 0.3 19 5-17 5-19
No.200 0.075 4 2-8 3-9

Table 3. Physical properties of filler (lime stone).

Property Value
Bulk specific gravity 2.87
% Passing sieve no.200 99

Table 4. Physical properties of soft asphalt cement recycling agent.

Property Test ASTM Value
conditions Designation no.
Penetration 25°c, 100gm, 5sec D5-06 260
Softening point (ring & ball) D36-95 36
Ductility 25, 5cm/min D113-99 80
After thin film oven test properties D1754-97
Retained penetration of residue | 25°, 100gm, 5sec D5-06 51%
Ductility of residue 25, 5cm/min D113-99 45
Loss on weight 163°c, 50g,5 hrs 0.37
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Table 5. Physical properties of silica fumes.

Property Value

Specific gravity 2.14

% Passing sieve n0.200 100
Specific surface area (m?/ kg) 20000

Table 6. Physical properties of soft asphalt cement (200-300) blended with 4% silica fumes.

Property T?S_t ) AST_M Value
conditions Designation No.

Penetration 25°c, 100gm, 5sec D5-06 253

Softening Point (ring & ball) D36-95 38
Ductility 25°c, 5em/min D113-99 105

After Thin Film Oven Test Properties D1754-97

Retained penetration of residue | 25°, 100gm, 5sec D5-06 47%

Ductility of residue 25°c, 5em/min D113-99 35

Loss on weight 163°c, 509,5 hrs 0.22

Table 7. Physical properties of fly ash.

Property Value
Specific gravity 2.0

% Passing sieve n0.200 99%
Specific surface area (m?/ kg) 650

Table 8. Physical properties of soft asphalt cement (200-300) blended with 6% fly ash.

Property T?S_t ) ASTM Value
conditions Designation No.
Penetration 25°c, 100gm, 5sec D5-06 278
Softening point (ring & ball) D36-95 34
Ductility 25°c, 5em/min D113-99 65
After Thin Film Oven Test Properties D1754-97
Retained penetration of residue | 25°c, 100gm, 5sec D5-06 35%
Ductility of residue 25°c, 5em/min D113-99 22
Loss on weight 163°c, 50g,5 hrs 0.27

166




Number 6 Volume 21 June 2015 Journal of Engineering

Figure 2. Group of prepared specimens.
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Figure 6. Double punch test apparatus.

168



Number 6

Volume 21 June 2015

Journal of Engineering

/25 Y 6 )
20 18.1 19.2 5
~ 16.55
- 15.85 ~
<15 - £
2 E 3 -
3 10 z
8 T 2+
& LL
5 - 1
0 - ; 0 -
X N ’ & & R
%é OX%‘ XQ\% ?’ 60 Q;X%s X@ v
6&@’ %&v“ Mixture Type %&v &v& Mixture Type
<
\_ N J
Figure 7. Stability for aged and Figure 8. Flow results for aged and
recycled mixtures. recycled mixtures.
(" 3500 3101 Y 3000 2832
2995
~ 3000 - —~ 2500 2407
b 2404 3
£ 2500 - = 1938
- = 2000 +—1710
QL 2000 - o
P o 1500 -
& 1500 - Q
® = |
o> 1000 & 1000
= 500 - E 500 -
0 - 0 -
\ o $ had >4
& 8 x@* v & y &
N > X
x%\ V& %.x\\ Y’g
& . x &
é\?& < Mixture Type %‘v? & Mixture Type
L < A < J

Figure 9. ITS results at 20°C for aged and

recycled mixtures.

169

Figure 10. ITS results at 25°C for aged
and recycled mixtures.



Number 6 Volume 21 June 2015 Journal of Engineering
(" 2000 - Y )
—_ 1288 1612 - 1200 1002 1040
I « 1000
£ 1400 +—7ee 1340 £ oo 784
5’ 1200 - 643
< 1000 - & 600 |
Y 800 - ©
- -4
B 600 - 7 40
400 - 2 200 -
208 - =
' ot & S S
R & & ¥
& & ko & x
© x < N <
3 x 2 w
o“& g » &
) & Mixture Type & Mixture Type
\_ N © J

Figure 11. ITS results at 40°C for aged
and recycled mixtures.

Figure 12. ITS results at 60°C for aged
and recycled mixtures.

(& 7336— | 120 )
o?é_ 70 100 96.14 Q2 72
< 60 53 82.34
)
= 80 -
Z 50
= 39.94 o
T 40 3008 SR
=¥ ©
S 30 - v
2 — 40 1 2814
2 20
£ - B
=% < " S > < =3 A\ >
g S S & PN S &
e R v S v
Ao < > < .
%gé § é\v Mixture Type %0&\ %&v Mixture Type
_ A v,
Figure 13. Temperature susceptibility Figure 14. Tensile strength ratio test for
results for aged and recycled mixtures. aged and recycled mixtures.
(~ 1600 375
~ 1400
S 1200
= 1000
<
S 00 107 718
£ 600 -
(%2}
o 400 -
S 200 -
g 0- .
> 3 x* . D
* &V’ .&?5' XQ\% Y’ég‘
S & W
M
S Mixture Type
. J

Figure 15. Double punch test results for
aged and recycled mixtures.

170



Number 6 Volume 21 June 2015 Journal of Engineering

Artificial Neural Networks Modeling of Total Dissolved Solid in the
Selected Locations on Tigris River, Iraq

Dr. Ayad Sleibi Mustafa
Assistant Professor
University of Anbar, Civil Eng. Dept. College of Engineering.
Email: ayad_eng2001@yahoo.com .

ABSTRACT

The study aims to predict Total Dissolved Solids (TDS) as a water quality indicator
parameter at spatial and temporal distribution of the Tigris River, Iraq by using Artificial
Neural Network (ANN) model. This study was conducted on this river between Mosul and
Amarah in Irag on five positions stretching along the river for the period from 2001to
2011. In the ANNs model calibration, a computer program of multiple linear regressions is
used to obtain a set of coefficient for a linear model. The input parameters of the ANNs
model were the discharge of the Tigris River, the year, the month and the distance of the
sampling stations from upstream of the river. The sensitivity analysis indicated that the
distance and discharge have the most significant affect on the predicted TDS
concentrations. The results showed that a network with (8) hidden neurons was highly
accurate in predicting TDS concentration. The correlation coefficient (r), root mean square
error (RMSE) and mean absolute percentage error (MAPE) between measured data and
model outputs were calculated as 0.975, 113.9 and 11.51%, respectively for testing data
sets. Comparisons between final results of ANNs and multiple linear regressions (MLR)
showed that the ANNs model could be successfully applied and provides high accuracy to
predict TDS concentrations as a water quality parameter.
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1-INTRODUCTION

River water quality is a significant concern in many countries, considering
agricultural and drinking consumptions. Therefore, prediction of TDS as the main water
quality condition is a necessary tool for water resources planning and management.
Limited water quality data and the high cost of water quality monitoring often pose
serious problems for process-based modeling approaches .Artificial Neural Networks
(ANNSs) provide a particularly good option, because they are computationally very fast
and require many fewer input parameters and input conditions than deterministic models,
ANNSs, however require a large pool of representative data for training ,Ali , et al., 2009.

In recent years, ANNSs have been successfully applied in the area of water quality
modeling. The use of ANN model was to be better than other simulations and commonly
used statistical models ,Mas and Ahlfeld, 2004 due to the complex interrelated and non-
linear relationships between multiple parameters. ANNs had been used successfully for
predicting TDS parameter in streams, river and lakes, Kanani et al., 2008 ,Ali et al.,
2009 ,Abudu et al., 2011 ,Asadollahfard et al., 2012 ,Moasheri et al., 2013 and
Nemati et al., 2014. There have been a number of studies for Iragi researchers on the
Tigris River water quality modeling, especially within Mosul and Baghdad, with some
examples: ,Al Shami, 2006 ,Abudl Razzak, et al., 2009 ,Abed and Ismail, 2013 and
Al-Suhaili, and Ghafour, 2013. , Ali,S.M.2014. ,Ismail et al., 2014. ,Kadhem,2014.
and ,Flaieh et al., 2014. Over the last few years few studied have been conducted to
predict some water quality parameters on Iragi Tigris River by using ANNs model. These
studies had demonstrated some degree of success, ,Al-Suhaili et al., 2008 and ,Al-
Suhaili and Mahammed, 2014.

The water quality of the Tigris River, using the parameter TDS as an indicator water
quality is varying from place to place along the river and overtime. Water salinity,
expressed as TDS, is an increasing problem in Irag. Salinity increases as the river water
flow southward and evaporation, sewage effluent dissolution of limestone and
agricultural drainage ,Al Marsoumi et al., 2006. However, TDS values of the Tigris
water at the Turkish Iragi border are 280 mg/l and the River reaches more than 1500 mg/I
at Amarah, Iraq ,Al-Ansari, 2013. The main objectives of this study are to predict the
spatial and temporal changes in TDS parameter throughout the selected sampling stations
on the Tigris River using ANNs model.

2- MATERIALS AND METHODS
2-1 Data and Site Description

The Tigris River is one of the most important twin rivers in Irag, 1850 km long.
The total length of the river in Iraq is 1415 km with a catchment area of 235000 km®.
Hydrological behavior of the Tigris River has been changed due to the construction of
large dams and irrigation projects in Turkey and Irag. The Tigris River mean discharge at
Mosul city prior to 1984 was 701 m*/sec and dropped to 596 m®/sec afterward. This
implies that 15% of the river discharges were been decreased. The average discharge in
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Baghdad was 544 m®sec. This value is far away from the mean daily flow prior to 2005 ,
1140 m%/sec ,Ali et al., 2012. On the other hand, discharges south of Baghdad reduced in
the Tigris to 37 BCM at Kut . Past Kut, the Tigris supplies water for irrigation and public
water supply and also discharge to the central marsh combined .These discharges reduced
3 BCM at Qalatsalih during the period after 1990 ,ESCWA-BGR, 2012. In the present
study, ANNs model was applied for TDS water quality parameter of five sampling
stations on the Tigris river (Mosul in the north of Iragq, Samarra barrage, Muthanna bridge
at Baghdad, Kut barrage and Amarah south of Iraq as shown in Fig.1. These data were
collected from the ,National Center for Water Resources Management, Ministry of
Water Resources, Iraq ,2012. Water quality stations along the Tigris River are located
between 36°20.802'Latitude and 43°08.417' Longitude at Mosul, North of Iraq and
31°51.338'Latitude and 47°08.618’ Longitude at Amarah, South of Iraq. The ANNs model
inputs are the monthly discharge (Q) in m%/sec, distance (D) in m of the sampling station
from the upstream of the Tigris river at Mosul, the year (YY) and the month of the data
(M) . The output of the model was TDS as a water quality parameter. The data set has a
record length of (11) years covering between 2001 to 2011 based on existing measured
values of different variables. The average annual discharge of the selected stations along
the Tigris River is shown in Fig.2. Also the average recorded annual TDS concentration
is shown in Fig. 3.

2-2 Overview Artificial Neural Networks

Artificial Neural Networks (ANNSs) are a flexible mathematical structure that is
capable of identifying a large number of simple processing elements that are called
neurons. The basic structure of an ANNs model usually comprised three distinctive
layers, the input layer that all data are imported to the network and calculation the weight
of each input variables are done; the hidden layer or layers, where data are processed; and
the output layer, where the results of ANNSs are produced .The number of neurons in the
input hidden, and output layers depends on the problem. If the number of hidden neurons
is small, the network may not have sufficient degrees of freedom to learn the process
correctly. On the other hand, if the number is too high, the training will take a larger time
and the network may over-fit the data ,Karunanithi et al., 1994. Many authors have
described the structure and operation of ANNs ,Zurada, 1992. The most common
activation function is  sigmoid (logistic) function and is described as follows,
,Diamantopoulos et al., 2005.
f(x) =1/ 1+e™ 1)

2-3 Pre-processing and Data Division

It is a common practice to divide the available data into three sets, training, and
validation. In this study, we randomly divide up the 100% of the target time steps into
80% for training and 20% for validation. The training data are further divided into 70%
for training set and 30% for the testing set. The training set is used to adjust the
connection weights of the neural network.

The testing set is used to check the performance of the network at various stages
of learning, and training is stopped once the error in the testing set increases. The
validation set is used to evaluate the performance of the model once training has been
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successfully accomplished. The way data are divided can have a significant effect one
model performance , Al-Janabi, 2006. and trial — and — error process was used to select
the best division .The data base used for the ANNs model comprises total of (660)
individual cases .Missing data were found in each of the water quality sampling stations
.Ranges of the data used for the input and output variable are tabulated in Table 1. Data
pre-processing can have a significant effect on the generalization performance of a
supervised neural network ,Dogan et al., 2009. Normalization and transformation data
was scaled or normalized using Eq. (2)

X scaled = (Xo - Xmin) / ( Xmax — X min) (2)

Where X. is the original data point, X minand X maxare the minimum and maximum
values in the data set, respectively. This is done in order to ensure that the min. value in
the data set is scaled to zero, and the maximum value is scaled to one ,Martin and
Mohammad, 1994.

2-4 Performance Evaluation and Modeling Error

The performance of model was evaluated by calculating the following statistical
parameter: correlation coefficient (r), root mean square error (RMSE) and mean absolute
percentage error (MAPE) defined by Egs. (3-5), respectively

%(Q°-M°)(QP-MP)

"= V2(Q%-mO)2 ¥.(QP-MP )2 ®)
RMSE = %z( Q.- Qp)? (4)
MAPE =5 | Q. - Qp | 5)

Where Q. and Q, are the observed and estimated concentrations at the time steps,
M. and M, are the mean of the observed and estimated concentrations, respectively, and
N is the total number of observations of the data set. The RMSE and MAPE measure the
errors —however, RMSE is the most popular measure of errors which receives much
greater attention than small errors. ,Sabah and Ahmed, 2011 showed that the MAPE
around 30% is considered a reasonable prediction.

Neural Network Model Application

Using the default parameters of the ANN model (0.2 for learning rate and 0.8 for
momentum rate), a number of network with different numbers of hidden lager nodes (1-
10) and with different transfer functions were developed. However the number of hidden
unit directly affects the performance of the network. The best performance of these
networks was with (8) hidden layer nodes and minimum values of correlation coefficient,
RMSE and MAPE , Table 2. The best transfer functions for the input, hidden and output
layers were linear, tanh and sigmoid respectively more than 150 trials were used in this
study. The effect of the internal parameters controlling the back — propagation
(momentum and learning rates) on model performance is investigated for the model with
eight hidden layer nodes, Table 2. .The effect of the learning and momentum rates on the
model performance is shown in Figs.4 and 5. Different values of learning and momentum
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rates were used, Table 2. It can be seen that the performance of the ANNs model is
relatively sensitive to learning rates in the range (0.1 — 0.8) then the prediction errors
increase sharply to (133.4), Figs. 4 and 5 show the effect of the momentum rate on model
performance. It can be seen that the performance of the ANNs model is relatively
sensitive to momentum rate value of (0.8). The optimum values for learning and
momentum rate used are 0.4 and 0.8, respectively .The coefficient of correlation, RMSE
and MAPE were 0.975, 113.9 and 11.51%, respectively. Also, the network with (8)
hidden layer nodes has the lowest prediction error for the training and validation tests.
However, it is believed that network with (8) hidden layer nodes is considered optimal,
Fig. (6).

The statistics of the training, testing and validation sets for the ANN models is
shown in Table 3.The statistical parameters considered include the maximum, minimum,
mean and standard deviation. To examine how representative the training, testing and
validation sets are with respect to each other t-test and F-test are carried out. The t-test
examines the null hypothesis of no difference in the means of two data sets and the F-test
examines the null hypothesis of no difference in the variances of the two sets. For a given
level of significance, test statistics can be calculated to test the null hypotheses for the t-
test and F-test respectively. Traditionally, a level of significance equal to 0.05 is selected.
Consequently, this level of significance is used in this research. This means that there is a
confidence level of 95% that the training, testing and validation sets are statistically
consistent. The results of the t-test and F-tests are given in Table 4. These results indicate
that training, testing and validation sets are generally representative of a single
population.

3- RESULTS AND DISCUSSION

The ANNs model was then adopted to simulate total dissolved solid (TDS ) with
respect to discharge of the selected sites along the Tigris River and time .It used ANNs
architecture with one hidden layer ( eight nodes ) and with different activation functions .
The optimum learning rate of 0.4 and momentum of 0.8 were selected by many trials, as
explained above.

The sensitivities of above parameters for the TDS prediction were estimated by
using ,Garson, 1991 and Goh,1995 methods .ANNSs connection weights were used in
these methods, Table 5. The results indicate that the distance and discharge had the a
significant effect on the predicted TDS with a relative importance of 58% and 27% ,
respectively , followed by year and month with a relative importance of 12% and 3% |,
respectively , Fig. 7. The minimum value of relative importance for the month variable is
due to the water resources monitoring and management .There are no monthly variations
in flow rates from barrages the regulators along the Tigris River as in the flow
hydrograph . The developed ANNs models accurately simulated the water quality (TDS)
of Tigris river .Typical ANN's prediction model results are TDS concentrations, for the
total data (r=0.96), Fig.8. Comparison of simulated water quality in Tigris river is shown
in Fig.9 .There is no trend in increasing of TDS concentration in sampling site between
Mosul and Samarra sites. The progressive increase in TDS concentrations was directly
proportional with distance after Samarra to Kut sites but with low positive slope and high
or sharp positive slope for Kut to Amarah sites. This is due to the effects of upstream
developments drainage project, direct sewage disposal into the river and agricultural
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activities. Using the connection weights and the threshold levels which obtained from
ANN model, Table 5. the predicted TDS concentration in (mg/l) for Tigris River can be
expressed as follows:

TDS =
146 +
2832

1+(0.58+2.39 tanh(x1)+1.84 tanh(x2) +4.65 tanh(x3) - 8.83 tanh (x4)-2.11 tanh (x5)-3.06 tanh(x6)+2.40 tanh(x7)-2.57 tanh(x8))

......... (6)
Where:
X,= 64.37 + 46.12*10Q + 0.07 M — 3.62*10°D - 0.033 Y (6-a)
Xo= 19.48 — 12.27*10*Q + 0.11 M — 2.31*10°D — 9*10° Y (6-b)
X3 = 264.44 + 3.88 *10* Q + 0.61 M + 4.87*10°D - 0.13 Y (6-c)
Xs = 1889.86 + 5.11*10*Q + 0.27 M + 14.12 *10°D — 0.95Y (6-d)
Xs = 291.38 + 47.15*10“Q + 0.12 M — 5.75*10°D- 0.15 Y (6-€)
Xe = -74.93 - 7.13*10*Q - 0.6 M + 1.0*10°D + 0.4 Y (6-)
X; = -576.14 — 2.12*10*Q + 0.14 M — 13.11*10°D - 0.29 Y (6-9)
Xg = -13.10 - 7.03*10™Q + 0.33 M — 6.13*10°D + 0.07 Y (6-h)

It should be noted that Eq.( 6) is valid only for the range of value of (M, Y, D, and
Q) given in Table 1. This is due to the fact that ANN should be used only in interpolation
and not extrapolation ,Tokar and Johnsn, 1999. Eq. (6) is long and complex because it
contains four independent variables. On the other hand, it can predict accurately the TDS
of Tigris River as shown in Fig. 8 with a correlation coefficient equal to 0.96 and value
of MAPE less than 30% . The equation length depends on the number of nodes in the
input and hidden layers. A neural network of four input neurons, eight hidden neurons
and one output is found to be the optimum architecture for the current problem as shown
in Fig. 10.

Multiple linear regression (MLR) may be viewed as a special case ANNs model that
uses linear transfer functions and no hidden layers, if the linear model performs as a basis
for comparison. The following regression models are derived for the TDS concentration
of the Tigris River in (mg/l).

TDS = Q—O.255M—O.006D0.694YO.560 (7)

where , M is the month , Y is the year , D is the distance in (km) and Q is the
discharge in (m*/sec ) .The correlation coefficient r, RMSE and MAPE are 0.78, 610.4
and 58%, respectively, Fig.11 .Comparison between results of ANNs and ( MLR )
analysis showed better results in ANNs model ( RMSE and MAPE ) values. So, ANNs
could explain the variability of the TDS concentration Tigris River more efficiency.
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4- CONCLUSIONS

The following conclusions could be deduced from this study
1- ANN performed better than MLR model. The results provided sufficient assessment of
performance (r=0.975, RMSE=113.9 and MAPE=11.51%) for ANN model and r=0.78,
RMSE=610.4 and MAPE=58% for MLR model.
2- The sensitivity analysis indicated that the distance and discharge have the most
significant effect on the predicted TDS concentration, while the year and month have the
smallest impact on prediction.
3- ANN's model could be translated into practical formula from which TDS may be
calculated. However the predicted formula is important in water quality management and
finding the missing data, temporally and spatially.
4- According to the results of ANN model, it is found that the TDS increases with
increasing time and distance from upstream, and it is negatively correlated with the flow.
5- The results of this study can be utilized in optimized management and planning of
water quality management of the study area in Iraqg.
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Table 1. Ranges of variables data used for the ANNs model.

Model Variables Min. Value Max. Value
Discharge of river ( m*/sec) 15.0 1949
Distance from upstream (km) 150 1100
Month 1 12
Year 2001 2011
TDS (mg/1) 146 2832

Table 2. Performance of ANNs models for prediction (TDS) of Tigris River.

Training Testing Validation
Parameter Model Learn Moment Hidden Correlation RMSE Correlation RMSE Correlation RMSE MAPE for
effect No. Rate Rate layer Coefficient Coefficient Coefficient all data
model (%)
number
1 0.2 0.8 1 0.906 214.6 0.897 497.8 0.838 533.6 32.20
2 0.2 0.8 2 0.945 170.2 0.863 688.1 0.805 712.2 17.51
3 0.2 0.8 3 0.952 1733 0.851 810.7 0.791 831.6 18.49
Default 4 0.2 0.8 4 0.955 149.8 0.866 690.5 0.824 700.1 13.20
Values
5 0.2 0.8 5 0.963 137.8 0.880 550.6 0.585 557.2 13.56
6 0.2 0.8 6 0.963 144.8 0.857 741.89 0.814 752.3 14.49
7 0.2 0.8 7 0.966 127.38 0.834 873.5 0.789 871.7 12.14
8 0.2 0.8 8 0.967 124.67 0.846 783.43 0.805 788.11 | 12.18
9 0.2 0.8 9 0.968 124.98 0.848 785.5 0.812 782.8 12.18
10 0.2 0.8 10 0.968 125.79 0.850 777.2 0.809 782.6 12.07
11 0.2 0.1 8 0.958 137.7 0.855 685.7 0.808 697.5 11.88
12 0.2 0.2 8 0.959 137.5 0.854 691.5 0.808 703.9 11.94
13 0.2 0.3 8 0.959 136.9 0.856 687.8 0.809 7015 12.02
14 0.2 0.4 8 0.960 135.9 0.857 684.1 0.811 699.1 12.03
Momentum
Rates 15 0.2 0.5 8 0.960 134.7 0.857 687.5 0.812 702.7 12.03
16 0.2 0.6 8 0.961 1334 0.858 688.7 0.814 702.9 12.24
17 0.2 0.7 8 0.964 128.7 0.849 7447 0.805 7494 | 12.14
18 0.2 0.8 8 0.967 124.6 0.896 783.4 0.804 783.1 12.18
19 0.2 0.9 8 0.970 118.0 0.828 893.1 0.790 884.1 12.07
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20 0.2 0.95 8 0.972 119.0 0.831 907.4 0.787 908.4 12.01
21 0.1 0.8 8 0.961 133.4 0.895 687.0 0.814 7011 [ 12.21
22 0.2 0.8 8 0.967 124.7 0.845 783.4 0.804 7831 | 12.18
23 0.3 0.8 8 0.968 1214 0.832 863.6 0.791 8571 | 12.17
Learning 24 0.4 0.8 8 0.970 118.6 0.829 890.1 0.791 8808 | 12.19
Rates 25 0.5 0.8 8 0.970 120.7 0.831 895.9 0.796 880.6 | 12.96
26 0.6 0.8 8 0.972 118.6 0.840 852.9 0.8 8485 | 12.10
27 0.7 0.8 8 0.975 113.9 0.869 856.8 0.850 668.1 | 11.51
28 0.8 0.8 8 0.975 115.4 0.872 532.6 0.865 563.5 | 11.87
29 0.9 0.8 8 0.974 115.4 0.861 402.1 0.894 3938 | 12.84
30 1 0.8 8 0.975 114.6 0.852 394.7 0.916 306.5 | 12.42
Table 3. Input and output statistics for the ANN model.
Data Set Statistical Month Year Distance (m) Q (m*/sec) TDS (mg/l)
Parameter (month) (year)
Training Maximum 12 2011 1100 1494 2991
N=369 Minimum 1 2001 150 15 197
Mean 6.425 2004.91 714.0921 379.8699 726.916
Sta.dv. 3.452 3.284536 272.078 229.0094 485.3027
Testing Maximum 12 2011 1100 1582 2877
N=159 Minimum 1 2001 150 22 146
Mean 6.622 2005.298 592.4528 335.3459 730.1132
Sta.dv. 3.498 2.696331 399.1759 270.1845 705.6958
Validation Maximum 12 2011 1100 1360 2986
N=132 Minimum 1 2001 150 36 156
Mean 6.537 1989.825 588.7925 325.8328 673.3861
Sta.dv. 3.427 3.342669 409.4047 266.7569 595.345
Table 4. Input and output statistics for the ANN model.
) Lower Upper Lower Upper
Variable and o o o o
t-value critical critical t-test F-value critical critical F-test
data set
value value value value
Month
Testing -1.911 -1.975 1.975 Accept 1.579761 1.3001 2.556 Accept
Validation -1.54856 -1.978 1.978 Accept 0.390277 1.334 2.936 Reject
year
Testing 2.118442 -1.975 1.975 Reject 1.437779 1.3001 2.556 Accept
Validation 1.346531 -1.978 1.978 Accept 1.183871 1.334 2.936 Reject

181




Number 6

Volume 21 June 2015

Journal of Engineering

Distance
Testing -1.42187 -1.975 1.978 Accept 1.584163 1.3001 2.556 Accept
Validation -1.53378 -1.978 1.975 Accept 1.383798 1.334 2.936 Accept
discharge
Testing -1.13612 -1.975 1.975 Accept 1.449 1.3001 2.556 Accept
Validation 1.163922 -1.978 1.978 Accept 2.660403 1.334 2.936 Accept
TDS-output
Testing 1.140016 -1.975 1.975 Accept 1.934 1.3001 2.556 Accept
Validation 1.667779 -1.978 1.978 Accept 1.453 1.334 2.936 Accept

Table 5. Weights and threshold levels for the ANN model.

Hidden Wiji (weight from node i in the input layer to node j in the hidden layer )
layer node i=4 i=3 i=2 i=1
=5 -0.326 -3.449 0.773 8.922
j=6 -0.085 -2.203 1.186 -2.373
=7 -1.287 4.643 6.655 0.752
i=8 -9.527 13.449 2.933 0.989
=9 -1.455 -5.482 1.356 9.115
j=10 0.372 0.949 -6.637 -1.382
=11 2.909 -12.493 1.536 -0.409
=12 0.655 -5.842 3.670 -.1357
Output
layer node Wiji (weight from node i in the hidden layer to node j in the output layer )
i=12 i=11 i=10 i=9 i=8 i=7 i=6 i=5
=13 2.570 -2.396 3.062 2.108 8.826 -4.653 -.184 -2.39
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Figure 1. Location of the study area.
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Figure 2.Discharge patterns of selected sites of Tigris river of the period(2001-2011).
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Figure 3. TDS concentrations patterns of selected sites of Tigris river of the period (2001-2011).
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ABSTRACT

Dr. Qahtan Al-Madfa’i’s architecture has been characterized by a particular
characteristic that may be unique and extreme at the same time, that is the use of the
distinctive three-dimensional structural coverings and the exploitation of structural
construction to give an extra aesthetic touch to the composition of the building, to achieve
the application of his universal ideas, which he strongly believed and defended.

In the period of the marked urban decline that the country undergoes now, which urges
us toward making a comparison between the beginning of the modern Iraqi architecture and
its ascending path up to its peak and the periods of its decline until it reached a very bad
condition which has been referred to by many critics and specialists. In order not to have
solutions that are subject to action-and-reaction principle, it is necessary to search for the
intact origins of this architecture and its construction, define its concepts and achievements
and the methods adopted by its pioneers to scaffold the urban status of Iraq and to find a
pure Iraqgi touch full of modernity and innovation. Dr. Qahtan Al-Madfa’i is one of those
distinguished pioneers whose works and urban outcome can take as excellent examples of
that period and to deduce from him and from his work many things that cannot be ignored.

All of this will be done through the illustration and analysis of selected group of Al-
Madfa’i’s buildings, designed and implemented, and to be compared with the works of his
international architects and thereby reaching the goal of the research.

Key Words: Kahtan Al Madfai, Dynamic, Modernism, Technology, Saddle shapes, Sculpture,
Structural.
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