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Properties of Superpave Asphalt Concrete Subjected to Impact of Moisture

Damage
Saad Issa Sarsam Ali Hussein Alwan
Professor of transportation Engineering MSc. student
College of engineering, Dept. of Civil Eng. College of engineering, Dept. of Civil Eng.
University of Baghdad University of Baghdad
E-mail: saadisasarsam@coeng.uobaghdad.edu.ig E-mail: ali_h.alwan@yahoo.com
ABSTRACT

Moisture damage is a primary mode of distress occurring in hot mix asphalt (HMA) pavements in
Irag. Because of the loss of bond, or stripping, caused by the presence of moisture between the
asphalt and aggregate, which is a problem in some areas and can be severe in some cases, it is
requires to evaluate the design asphalt mixture to moisture susceptibility. Many factors such as
aggregate characteristics, asphalt characteristics, environment, traffic, construction practices and
drainage can contribute to stripping. Asphalt concrete mixes were prepared at their optimum asphalt
content by superpave system and then tested to evaluate their engineering properties, which include
tensile strength, resilient modulus, and permanent deformation, stiffness, and fatigue characteristics.
These properties have been evaluated using indirect tensile strength, uniaxial repeated loading and
repeated flexural beam. The experimental results, in general, showed that the mixes subjected to
moisture damage give low resistance to indirect tensile strength, low resilient modulus at 40°C, high
permanent deformation at 40 ° C, low stiffness, and low fatigue life, by (19%, 21%, 93%, 62% and
70%) respectively as compared with unconditioned mixture.

Key words: Asphalt concrete, Moisture Damage, Superpave System
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1. INTRODUCTION

The asphalt paving mixture is normally subjected to various detrimental types of distresses during
its service life. Moisture damage is the loss of strength and durability in asphalt mixtures due to the
effect of water or moisture vapor. It tends to accelerate the presence of the distress types. Alwan,
2013.The types of distress that can be related to moisture or the other factors are bleeding, cracking,
rutting, and raveling. In view of this , the primary objective of this study is to evaluate the
mechanical properties of asphalt concrete mixtures after it was subjected to the impact of moisture
damage based on the following tests, Indirect tensile test (Moisture susceptibility) , uniaxial
repeated load test ( Resilient Modulus and permanent deformation) and repeated flexural beam test (
fatigue characteristics).

2. BACKGROUND
2.1 Mechanisms of Moisture Damage
It is generally agreed that moisture can degrade the integrity of bituminous mixtures in two ways:

» By causing a reduction in the cohesive strength and stiffness of the mixture, characterized by
the softening of the mixture.

» By causing failure of the adhesion (or bond) between bitumen and aggregate, referred to as
stripping, Terrel and shute, 1989.

The following are some of the major moisture damage mechanisms that cause stripping, Kennedy,
1985:

1- Pore pressure of water in the mixture voids due to wheel-loading repetitions, thermal
expansion-construction differences produced by ice formation, temperature cycling above
freezing, freeze-thaw, and chemical shock, or a combination of these factors,

2- Asphalt removal by water, in the mixture at moderate to higher temperatures,

3- Water-vapor interaction with the asphalt filler mastic and larger aggregate interfaces.

2.2 Consequences of Moisture Damage

Damage due to moisture occurs in various forms and degrees of severity. The primary consequence
of moisture damage is that of stripping, characterized by failure of the bitumen-aggregate bond.
Stripping is often initially manifested in localized areas where the bitumen has integrated to the
surface of the bituminous layer, referred to as flushing or bleeding. This migration of bitumen
results in an unstable matrix in the lower portions of the bituminous layer which can lead to
permanent deformation in the form of rutting and/or shoving as well as the development of potholes
and cracking under the action of traffic loading, Scholz, 1995.

The other major consequence of moisture damage is that of a reduction of stiffness and strength in
the bituminous layer, which decreases the load spreading capabilities of the pavement. Under the
action of traffic loading, a pavement with reduced stiffness due to water damage is prone to rutting
because of increased stresses and strains in the underlying layers. Loss of strength in the bitumen-
aggregate matrix may also encourage stripping, Kennedy, 1985.

2.3 Water Sensitivity Tests

The moisture effect on physical properties and mechanical behavior of asphalt paving mixtures has
been known for many years. Numerous empirical or semi-empirical test methods, such as the
Lottman Laboratory Test, Tunnicliff and Root Test, Boiling Water Test, and Hamburg Wheel
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Tracing Device, have been developed to predict moisture damage on asphalt mixtures. These test
methods attempted to simulate the moisture damage that would occur in the field. Sarsam, 2010.
Lottman, 1982 describes the method, commonly referred to as the Lottman procedure; developed
for the prediction of moisture damage in dense-graded bituminous mixtures. The method consists of
nine specimens (4" diameter and 2 1/2" high) are compacted to expected field air void content.
Specimens are divided into 3 groups of 3 specimens each. Group | is treated as control without any
conditioning. Group 2 specimens are vacuum saturated (26 inches Hg) with water for 30 minutes.
Group 3 specimens are vacuum saturated like Group 2 and then subjected to a freeze (0°F for 15
hours) and a thaw (140°F for 24 hours) cycle. All 9 specimens are tested for resilient modulus (Mr)
and/or indirect tensile strength (ITS) at 55°F or 73°F. A loading rate of 0.065 inch/minute is used
for the ITS test. Group 2 reflects field performance up to 4 years. Group 3 reflects field performance
from 4 to 12 years. Retained tensile strength (TSR) is calculated for Group 2 and Group 3
specimens. A minimum TSR of 0.70 is recommended by Lottman and Maupin, 1982, who
reported values between 0.70 and 0.75 differentiated between stripping and non-stripping HMA
mixtures. It has been argued that the Lottman procedure is too severe because the warm water soak
of the vacuum saturated and frozen specimen can develop internal water pressure. However, Stuart
1986 and Parker and Gharaybeh, 1987 generally found a good correlation between the laboratory
and field results. Oregon has successfully used this test with modulus ratio in lieu of tensile strength
ratio (TSR).

Tunnicliff and Root, 1984 report a method similar to the Lottman procedure. They proposed six
specimens to be compacted to 6-8% air void content and divided into two groups of three specimens
each. Group 1 was treated as control without any conditioning. Group 2 specimens are vacuum
saturated (20 inches Hg for about 5 minutes) with water to attain a saturation level of 55 to 80
percent. Specimens saturated more than 80 percent are discarded. The saturated specimens are then
soaked in water at 140°F for 24 hours. All specimens are tested for ITS at 77°F using a loading rate
of 2 inches/minute. A minimum TSR of 0.7 to 0.8 is usually specified. Evidently, the use of a
freeze-thaw cycle is not incorporated into ASTM D4867-88, which is based on this method. The
freeze-thaw cycle is optional. The primary emphasis is on saturation of the specimen which for a
short duration of about 24 hours has been reported to be insufficient to induce moisture related
damage, Coplantz and Newcomb 1988.

AASHTO accepted the Modified Lottman Test AASHTO T-283, 1985. It is a combination of the
Lottman and the Tunnicliff and Root Tests. Six specimens are produced with air voids between six
percent and eight percent. The specimens are then split into two groups. The first group is the
control group. The second group is saturated between 70 and 80 percent with water and is placed in
the freezer (0°F or -18°C) for 16 to 18 hours. The frozen cores then are moved to a water bath at
140°F (60°C) for 24 hours. After conditioning, the resilient modulus test and/or the indirect tensile
strength (ITS) tests are performed. The ITS test is performed at 77°F (25°C) with a loading rate of 2
in/min. The ratio of the average tensile strengths of the wet cores and the dry cores is known as the
tensile strength ratio (TSR). The minimum acceptable TSR as per AASHTO is 70%, Roberts et al.
1996. Despite the recognized problems of AASHTO T 283, it was considered the best available
method for evaluating the moisture sensitivity of asphalt concrete mixes. Since AASHTO T 283
was the recommended Superpave test, several researchers have investigated the parameters of this
test method and compared it to the results of other methods.
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3. MATERIAL CHARACTERAZATION
The materials used in this work, namely asphalt cement, aggregate, and fillers were characterized
using routine type of tests and results were compared with superpave system.

3.1 Asphalt Cement
The asphalt cement used in this work is a 40-50 penetration grade. It was obtained from the Dora
refinery, south-west of Baghdad. The asphalt properties are shown in Table 1.

3.2 Aggregate

The aggregate used in this work was crushed quartz obtained from Al-Nibaie quarry. This aggregate
is widely used in Baghdad city for asphaltic mixes. The coarse and fine aggregates used in this work
were sieved, and recombined in the proper proportions to meet the wearing course gradation as
required by SP-2 specification. The gradation curve for the aggregate is shown in Fig. 1. Routine
tests were performed on the aggregate to evaluate their physical properties. The results together
with the specification limits as set by the SCRB, 2003 are summarized in Table 2.

3.3 Filler

Mineral filler used in this study is Portland cement obtained from Badoush factory; the physical
properties are shown in Table 3.

4. EXPERIMENTAL WORK

The experimental work was started by determining the optimum asphalt content for the asphalt
concrete mix using the Superpave mix design method. Asphalt concrete mixes were made at their
optimum asphalt and tested to evaluate the engineering properties to mixture subjected to moisture
damage which (Specimen is considered conditioned after it was subjected to vacuum saturation
followed by a freeze cycle followed by a 24 hour thaw cycle, and accomplished by performing
AASHTO T-283). These properties have been evaluated using indirect tensile strength, uniaxial
repeated loading and repeated flexural beam tests.

4.1 Superpave Mix Design

Two specimens are prepared at the trial asphalt content. It was compacted using gyratory
compaction, four asphalt binder contents, at £ 0.5 % of the estimated asphalt content, and at + 1.0 %
of the estimated asphalt content. About 4.7 kilograms of the mix are used to prepare test specimens
of 150 mm (5.9 in) in diameter and 1155 mm (4.53£0.2 in) in height, and prepared accordance to
method AASHTO TP4.

4.2 Indirect Tensile Test

The moisture susceptibility of the asphalt concrete mixtures was evaluated using AASHTO T-283.
The result of this test is the indirect tensile strength (ITS) and tensile strength ratio (TSR). In this
test, a set of specimens were prepared for each mix according to Superpave procedure and
compacted to 71 % air voids. The set consists of six specimens and divided into two subsets, one
set (unconditioned) was tested at 25°C and the other set (conditioned) was subjected to one cycle of
freezing and thawing then tested at 25°C. The test shown in Fig. 2 involved loading the specimens
with compressive load at a rate of (50.8mm/min) acting parallel to and along the vertical diametrical
plane through 0.5 in. wide steel strips which are curved at the interface with specimens. These
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specimens failed by splitting along the vertical diameter. The indirect tensile strength which is
calculated according to Eq 1 of the conditioned specimens (ITSc) is divided by the control
specimens (ITSd), which gives the tensile strength ratio (TSR) as the following Eq 2. Alwan, 2013.

2P

ITS= 5 (l)
_ ITS (Conditioned)
TSR = ITS (Unconditioned) (2)
Where:

ITS= Indirect tensile strength

P = Ultimate applied load

t = Thickness of specimen

D = Diameter of specimen

Other parameters are defined previously

4.3 Uniaxial repeated loading test

The uniaxial repeated loading tests were conducted for cylindrical specimens, 101.6 mm (4 inch) in
diameter and 203.2 mm (8 inch) in height, using the pneumatic repeated load system shown below
in Fig. 3. In these tests, repetitive compressive loading with a stress level of 20 psi was applied in
the form of rectangular wave with a constant loading frequency of 1 Hz (0.1 sec. load duration and
0.9 sec. rest period) and the axial permanent deformation was measured under the different loading
repetitions. All the uniaxial repeated loading tests were conducted at 40°C (104°F). The specimen
preparation method for this test can be found elsewhere, Albayati,, 2006. The test was conducted at
university of Baghdad. The permanent strain (gp) is calculated by applying Eq. 3.

Ep = = x 10000 3)

Where

Ep = axial permanent microstrain

P d = axial permanent deformation

h= specimen height

Also, throughout this test the resilient deflection is measured at the load repetition of 50 to 100, and
the resilient strain (er) and resilient modulus (Mr) are calculated as follows:

er= % 10000000 4)
(o)

Mr = ; 5)

where

¢ r = axial resilient microstrain
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rd= axial resilient deflection (mm)
h=specimen height (mm)

Mr= Resilient modulus

o = repeated axial stress (KPa)
er= axial resilient strain (mm)

The permanent deformation test results for this study are represented by the linear log-log
relationship between the number of load repetitions and the permanent microstrain with the form
shown in Eq.6 below which is originally suggested by Monismith et. al., 1975 and Barksdale
1972.

Ep=aNP” (6)

Where

Ep = permanent strain
N=number of stress applications
a= intercept coefficient

b= slope coefficient

4.4 Flexural Beam Fatigue Test

Within this study, four-point flexural fatigue bending test was adopted to evaluate the fatigue
performance of asphalt concrete mixtures using the flexural fatigue testing equipment shown in Fig.
4, this test was performed in strain controlled mode with flexural stress level 250u€,400u€and
750u€ applied at the frequency of 5 Hz and a repeated haversine (sinusoidal). All tests were
conducted as specified in AASHTO T 321 standards at 20°C (68°F) on beam specimens 50 mm x
63 mm x 400 mm prepared using Roller Compactor Device at NCCLR (National Center for
Construction Laboratories and research) according to, EN12697-33 2003, because this method of
compaction simulates field compaction in a progressive way. A slab sample of (400 mm by 300 mm
by 53+6 mm) was prepared using the hot aging asphalt concrete loose mix. A metal stripe of 30mm
height and 1.5 mm width was fixed on the base plate of the slab before pouring the asphalt concrete
to insure having weak point for beams after compaction of the slab, then cut by the cutter-water into
dimension previously mentioned. In the fatigue test, results should be monitored and recorded at the
selected load cycle intervals and the test should be terminated when the beam has reached a 50
percent reduction in stiffness. The initial strain was plotted versus the number of repetition to failure
on log scales, collapse of the beam was defined as failure, the plot can be approximated by a
straight line and has the form shown below in Eq. 7. EN12697-33 2003. The test was conducted at
NCCLR (National center for construction laboratories and research).

Nf=ky (&) 2 ©)

Where

Nf = fatigue life

&= Initial tensile strain

k1= fatigue constant, value of Nf when =1
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k2 = inverse slope of the straight line in the logarithmic relationship

5. TEST RESULTS AND DISCUSSION

5.1 Effect of Moisture Damage on Indirect Tensile Strength

The indirect tensile strength (ITS) property of an HMA mix gives an indication on the overall
strength of the mix. Fig. 5 depicts the effect of unconditioned and conditioned mix on indirect
tensile strength. Results indicated that tensile strength at 60 °© C for condition shows lower resistance
than unconditioned by 19 %, at optimum asphalt content.

Tensile Strength Ratio (TSR) has been used for predicting moisture susceptibility of mixtures. The
recommended limit of (80 %) for tensile strength ratio (TSR) is used to distinguish between
moisture susceptible mixture and moisture resistance mixtures (AASHTO T-283). Fig. 5 show the
unconditioned and moisture conditioned mixture. The data show that optimum asphalt content
mixtures have resistance to the action of water. The tensile strength ratio was 81%, at optimum
asphalt content mix.

5.2 Effect of Moisture damage on Resilient Modules

The resilient modulus (Mr) properties were obtained from indirect tensile test, and used to evaluate
the moisture damage of the HMA mixtures for two reasons. The first one is that Mr test is a
nondestructive test that can be conducted on the same samples before and after moisture
conditioning, and the second one is that the Mr is an engineering property that can be used to
estimate the response of HMA pavements under traffic loads. Table 4 summarizes the Mr
properties of the unconditioned and moisture conditioned HMA mixtures. The data show that the
resilient modulus of moisture condition was significantly lower than the values obtained for
unconditioned mix with 21% at optimum asphalt content. Similar findings were reported by
Sarsam, 2009.

5.3 Effect of Moisture damage on Resistance to Permanent Deformation

Table 5 shows effect of unconditioned and moisture condition mix on permanent deformation. It
can be seen that slop increase in condition mix and intercept increase, that give indication that the
unconditioned mixtures have low permanent strain compared with condition mix. The analysis of
the Table indicated that the moisture condition mix lower resistance to permanent deformation (at
1000 cycles) by 93% as compared with the unconditioned mixture, and also fail before the
unconditioned mix. Fig. 6 Shows the relationship between strain and load repetition for
unconditioned, and condition mixture with at (40°C).

5.4 Effect of Moisture damage on stiffness

Also noted when micro-strains level increase, the stiffness of specimen decrease. Fig. 7 depicts the
effect of unconditioned and condition moisture mix on stiffness. It can be seen that stiffness
decrease at condition moisture mix by 62 % from unconditioned mix (in 250u€ and optimum
asphalt content) the reason may be due to the lack of bond between asphalt and aggregates.

5.5 Effect of Moisture damage on Fatigue Life

Table 6 and Fig. 8 Depicts the effect of unconditioned and moisture condition mix on fatigue life.
The analyses of the figure shows that fatigue life after impact to moisture condition decrease by 70
% from unconditioned mix (at 250 u€, and optimum asphalt content), also noted that the K2 (which
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represents the intercept) was decreased from (3.46 to 3.28) and K1 (which represents the slope) was
increased from (9.15E-09 to 1.52E-08) at optimum asphalt content.

6. CONCLUSIONS AND RECOMMENDATIONS
Best on the limited testing program, the following conclusion could be drawn:

1. The impact of moisture conditioning of superpave asphalt concrete was lowering the indirect
tensile strength by (19%) as compared with unconditioned mix.

2. At (40°C), Mr was reduced by (21%) due to the impact to moisture damage.

3. The permanent deformation increases by 93 percent after subject the specimens to moisture
damage (at 40°C).

4. Stiffness at (250u€, 750 p€) was reduced after subjecting the asphalt concrete to moisture
damage (conditioned mix) as compared with unconditioned mix by (-62%, -16%)
respectively.

5. The results of repeated four point flexural fatigue beam testing indicated that fatigue life
decreases by 70 percent after subjected asphalt concrete to moisture damage. For a
microstrain change from 250 u€ to 400 &, the fatigue life decreases by 87 percent.
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Table 1. The physical properties of asphalt cement.

Propert Unit ASTM Penetration | SCRB
perty Designation | Grade (40-50) | Specification
Penetration @ (25°C, 100 gm, 5sec) 1/10 mm D-5 41 40-50
Softening Point.(Ring & Ball) (cC) D-36 494 | -
Specific Gravity @ 25C | - D-70 1.04 | -
Ductility @ (25 °C, Scm/min) cm D-113 144 >100
after thin film oven test
Penetration of Residue 25 °C, 100 gm, 5 sec 1/10 mm D-5 27 | -
Mass loss (163°C, 50gm, 5 hr % D-1754 0.3 <0.75
Ductility of Residue (25 oC , 5 cm/min) cm D-113 87 | -
Table 2. Physical properties of Al-Nibaie aggregate.
Property ASTM Designation | value | SCRB Specification
Coarse aggregate
Bulk Specific Gravity C-127 -01 2584 | -
Apparent Specific Gravity C-127 -01 2608 | = —m-eee-
Percent Water Absorption C-127 -01 057% | = ------
Loss Angeles Abrasion C-131-03 13.08 35-45 Max.
Percent Soundness Ios_s by sodium C-88 2 678 10-20 Max.
sulfate solution
Percent flat and elongated particles ASTM D4791 1.6% 10% Max.
Percent Fractured faces 97% 95 Min.
Fine aggregate
Bulk Specific Gravity C-128-01 A
Apparent Specific Gravity C-128-01 2664 |  —eeee-
Percent Water Absorption C-128-01 1419 | -
Percent Sand equivalent D-2419 51 45 Min.*

*  According to Asphalt Institute SP-2, (2001)

Table 3. Physical properties of Portland cement.

Property Limestone
% passing No.200 96
Bulk specific gravity (gm./cm®) 3.14

10
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Table 4. Resilient modulus value for moisture damaged mixture.

. Resilient Modulus (psi)
Mix 40C
Unconditioned 96970
Condition 76190

Table 5. Slops, intercepts, and permanent deformation at 1000 cycle value for, unconditioned and
conditioned mixtures.

. 40°C
Mix Slop | Intercept (microstrain) | Permanent def. @1000 cycle
Unconditioned | 0.441 149 3158
Condition 0.457 259 6083

Table 6. Parameter K1, K2, and fatigue life for, unconditioned, and conditioned mixtures.

State K1 K2 Fatigue Life (Nf)
(slope) | (microstrain) | 250u€ 400pu€ 750u€
Unconditioned | 9.15E-09 3.46 30082 3860 693
Condition 1.52E-08 3.28 9015 903 319
— Max Density == blend selected Rest Max
Rest Min » Control Low © Controcl High
100 o P
T
g 80 //
2 o é
<
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fé ° /
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é&i”-”
o - ¥ » 0 ' ] ] ] ]
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Figure 1. Specification limits and selected gradation for wearing course (normal surface course
(12.5 mm) nominal maximum size.
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Figure 2. Photograph for ITS test Figure 3. Photograph for the PRLS
(University of Baghdad laboratories). (University of Baghdad laboratories).

Figure 4. Flexural fatigue testing equipment (NCCLR laboratory, Baghdad).

12
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Figure 5. Indirect tensile strength for unconditioned, and condition mixture at 60°C.
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Figure 6. Relationship between strain and load repetition for unconditioned, and condition mixture.
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ABSTRACT

W ater injection equipments such as pipelines, which are used in the second recovery of oil in the
Al-Ahdeb wells, suffer from the corrosion in water during maintaining vacuum deoxygenated tower
that used to decrease concentration of the dissolved oxygen gas in the water from 6.2-9.1 ppm to 0.5
ppm. This study involved calculation the corrosion rates of the internal surfaces of the pipelines
either during operation of the vacuum unit or when the tower out of operation. Finally, find the
solution by one of the following suggestions. In the first suggestion removal of the dissolved O,
from water is achieved by increasing the dosage of the oxygen scavenger (sodium sulphite). The
second suggestion involves removing the dissolved O, from water by bubbling the oxygenated
water with nitrogen gas. The study showed that the corrosion rates of various inside diameter
pipelines are between 0.13 mm/yr and 1.5 mm/yr during operation of the vacuum tower and
between 3.2 mm/yr and 18.5 mm/yr when the tower out of the operation. While the results showed
that the corrosion rate of the pipelines when the tower out of operation reached to the acceptable
value of 0.1 mm/y when the dissolved oxygen in the injected water removed by increasing the
dosage of the sodium sulphite (Na,SO3) to 48-72 ppm. The results also explained that corrosion
rates of the pipelines reached to 0.5 mm/y when the dissolved oxygen removed by bubbling the
water with nitrogen gas.

Key Words: corrosion, deaerated water, oxygen scavenger, aerated water
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1. INTRODUCTION
Generally the water injection systems are used in oil industries in order to increase the oil
production. This occurs when the water is injected into the reservoir at high flow rate or at high
pressure. As result, the pressure of the oil reservoir rises. Consequently, the quantity of the oil
recovery from the well increases. The sources of water, which are used in this process, vary from
seawater, produced water, lake, and river Havard, 2006, and Stephen et al.,1989. All these
types of water contain dissolved oxygen approximately 8-9 ppm at 20 C° which causes corrosion
of the internal surface of the injection system equipments such as pipelines. The cathodic
reaction is oxygen reduction Eqg. (1), while the metal dissolution is the anodic reaction Eq. (2).
The corrosion rate of the metal is controlled by rate of the mass transport of the dissolved oxygen
from bulk to the solution/metal interface. Therefore, O, should be removed from the Injected
water before pumping into the reservoir. There are many methods that are used in the oil
production in order to eliminate the concentration of the dissolved oxygen in the water such as
mechanical deaeration combination with the chemical process. The former process is used before
the chemical treatment. In the mechanical deaeration removal oxygen can be established by
either introducing steam into the water that leads to increase the temperature of the water. As a
result, oxygen will releases from the water to the atmosphere and consequently the concentration
of oxygen decreases or by using vacuum process such as that uses in the Al-Ahdeb wells. In this
process vacuum pumps are utilized in order to reduce the partial pressure of O, in the gas phase.
Hence, concentration of the dissolved O,in the feed water will reduce [Havard, 2006, Stephen et
al.,1989].While removal oxygen by chemical process is achieved by adding a small amount of
chemical substance {either hydrazine (N,H4) or sodium sulfite (Na,SO3)} to the water which
reacts with oxygen Stephen et al.,1989,Zaki, 2006, and Nathan,1981.
Three vacuum deoxygenation packed towers, which have installed recently by Al-Waha
company one of the Chinese companies, uses to remove the gas of O, from water that utilized to
enhance the oil production in the Al-Ahdeb wells in the Al-Kut city. According to the Al-Waha
document, this process leads to decrease concentration of O, in the water to 500 ppb (0.5 ppm)
[Al Ahdeb Wells, 2013]. Although the corrosion rate of the system equipment will decrease, but
it not within the acceptable value 0.1 mm/yr. In addition to the aggressive environment
(dissolved O,), the pipe lines, which transport the water from the water tank to the wells, are
subjected to the high stress (water pressure). The stress values reaches to 17 Mpa at the high
pressure section and 12 Mpa at sub high pressure section. Hence, the pipelines will susceptible to
the stress corrosion cracking (SCC), which takes place when a metal/an alloy is subjected to the
combination of aggressive environment (O,) and stress (water pressure) Zaki,2006, and
Nestor,2004.
The aim of this research is to study and calculate the corrosion rates of the internal surface of the
water injection components (pipelines) when the Vacuum deoxygenation tower will be out of
operation and then find the solution.

2. OPERATION OF THE SYSTEM

In Al-Ahdeb wells, removing dissolved oxygen from water takes place in two processes, vacuum
and chemical processes. The vacuum process carries out in three vacuum deoxygenation packed
towers that are parallel operated. Each tower consists of two stages. In the first stage most of the
dissolved O, gas is removed from feed water to the gas phase by vacuum process. In the second
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stage the oxygen scavenger is added to the deaerated water. Hence, further removing of
dissolved O, from water takes place by the chemical process Al Ahdeb Wells, 2013.

The O,-free water is transported to the deaerated water tank through 18-20 in. inside diameter of
carbon-steel pipe at flow rate 900-1075 m%h. In addition to the deaerated water, the deaerated
water tank is also supplied with formation water (produced water) after treatment. Then, the
deaerated water and produced water (injected water) pumping to the high pressure section and
sub high section through 28 in. id pipe at flow rate 4200 m*h. At the high pressure section, the
injected water is transported to the oil gathering main field (OGM) through 8 in. id steel pipes at
flow rate 150 m*h and pressure 17 Mpa (170 bar). While, at the sub high section the injected
water is transported to the different (OGM) through pipes, which have the same inside diameter
(16 in), and at equal flow rate 650 m*h and pressure 12 Mpa. Finally, the injected water is
pumping from the (OGM) to the many wells through pipes, which have the same inside diameter
(6 in), and at equal flow rate 5000 bbl/day and pressure either 17 MPa. or 12 MPa. depending on
the source of the water injection Al Ahdeb Wells, 2013.

3. OPERATION CONDITION OF THE TOWER

According to the Al-Waha documents, operation conditions of the unit are represented in the
Tablel. As can be seen from the Table, concentration of the dissolved O, in the inlet water is not
recorded. This is because of it depending on the solubility of the gas in the water which is
function to the temperature of water (i.e operating temperature). As the temperature of water
increases, the solubility of dissolved O, in the water decreases. Consequently, concentration of
dissolved O, decreases. The concentration of dissolved oxygen in the outlet water is 500 ppb (0.5
ppm) as recorded in the Tablel. In order to treat the microbiological induced corrosion (MIC),
which forms on the surface of the structure of the system such as sulfate reducing bacteria
(SRB), the chemical removal oxygen process will be stopped for a certain time and adds biocide
species.

4. PROBLEM

In the water injection system there is a problem will appear during either shutdown of the
deaeration unit or normal maintenance when the concentration of the oxygen in the water will be
at high value. This leads to

corrode the internal surfaces of the system equipments as shown in Fig.1 Therefore, it should
calculate the corrosion rate of internal surface of the system components when the deaeration
unit will be out of operation and find the solution.

5. EXPERIMENTAL WORKWS

The experimental works consist of two steps. In the first step, the lowest concentration of the
dissolved O, gas in the water, which can be obtained by bubbling water with nitrogen gas, was
estimated by doing an experimental work. In the second step corrosion rate of the internal
surfaces of the pipelines, which made of carbon steel, are calculated under aeration and
deaeration conditions of water.

First step, The experimental work of dissolved oxygen removal from water by using nitrogen gas
stream was done in order to estimate the lowest concentration of dissolved gas of oxygen in
water that can be obtained after the deaeration process. The experiment includes preparation an
electrochemical cell that consists of a calomel electrode as a reference electrode and two
platinum wires as working and auxiliary electrodes (note, in this step it is not necessary to use
iron as working electrode). All electrodes were immersed in electrolyte that prepared by
dissolving 4.5% of NaCl in one liter of distilled water. Then, the electrochemical cell was
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connected to a potentiostat in order to polarise the cell during deaeration process as shown in
Fig. 2.a nitrogen gas stream was used to deaerate the system. This was achieved by bubbling a
solution with pure nitrogen gas which caused removal of a high proportion of the dissolved
oxygen gas from the system to the water-containing flask and then to the atmosphere through a
vent present at the top of the flask. As a result, a decrease in the concentration of the dissolved
oxygen gas in an electrolyte (water) is obtained according to the Henrys law. Residual dissolved
oxygen in the system can be controlled by the period of deaeration process and preventing an
oxygen gas from entering to the system either during or after deaeration process.

Second step, corrosion rates of the pipelines are calculated during aerated condition and
deaerated condition by using equations that derived experimentally by scientists. Concentration
of O2, which used in the calculation, are obtained from the references and from the experimental
work of this study.

6. CALCULATION AND RESULTS

Calculation and result can be divided into two parts, the first part includes prediction corrosion
of the injection equipments (i.e. pipelines) in injected water at flow condition and in either
deaerated or aerated condition. While the second part of calculation involves estimate the lowest
concentration of dissolved oxygen in the injected water after deoxygenated of water with
nitrogen gas.

First part, corrosion of the pipelines in injected water at flow condition and in either deaerated or
aerated condition can be predicted by studying the effect of flow velocity of the water on the
mass transfer of the dissolved O,. As result, the corrosion rates of the pipelines increase .

Flow in pipes is usually turbulent that destroys the concentration gradients in the bulk of the
fluid, and all the action affecting then takes place in a very thin boundary layer of fluid adjacent
to the pipe wall. Consequent, the flux of the dissolved O, increases, Scheers,1992.

Equations relating mass transport and flow velocity for various geometries have been derived by
several authors. While several equations describing mass transfer in pipes have been deduced
theoretically, others have been derived experimentally. These equations, which are classified
according to the value of Schemidt number (Sc) Scheers,1992, and Van den Berg et al.,1989.
Chilton-Colburn relation Eqg. (3) is used for SC< 1, for 1 <SC< 1000 Deissler equation is used
see Eq. (4), and Harriott-Hamilton relationship is used for SC>1000 see Eq.( 5).

Hence, in the first step of the calculation, it is required to select one of the above equations by
calculation Schemidt number (Sc) for injected water by using Eq. (6).

AtT =20°C,v=1x10° (m?sec), D = 1.8x10° (m%sec)  (see Table 3)

AtT =40°C, v=6.6x10" (m?/sec), D=37x10° (m*/sec)  (see Table 3)

Sc = 555.55 at 20°C and Sc = 178.38 at 40°C.

According to the above values of Sc either Eq. (4) or Eq. (7) is used for calculation the mass
transfer coefficient (K).

As it is mentioned before that the corrosion rate of the metal in water is controlled by the rate of
transport of the oxygen to the surface of the metal and the cathodic current density reaches to the
limiting value. Therefore, the second step of this calculation includes calculation the limiting
current density (l;im) by using equation Eg. (10) Hongwei, 2000.

Third step involves converting the limiting current density (l;in) into a rate of dissolution of the
internal surfaces of the pipe lines, which made of carbon steel, by using the Faraday's law Eq.
(11) Zaki,2006.

The results are represented in the Table 3, while corrosion rates of the equipment during
operation of the deaeration unit are represented in the Table 2.
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The second part of this calculation involves estimate the lowest concentration of
dissolved oxygen in the injected water after deoxygenated of water with nitrogen gas. Fig. 3
shows polarization curve of the working electrode (platinum wire) after deaerating the cell for
certain time.

As can be seen from Fig. 3, the limiting current density at aerated condition is 8.68 A/m? at
potential -0.85V SCE, whereas the limiting current density at deaerated condition is 0.462 A/m?
at -0.55V SCE .The lowest oxygen concentration achieved by deaerating the water with nitrogen
gas can be calculated from the cahodic current density. It was limited by the diffusion rate of
oxygen to the platinum surface according to Fick's firs law see Eq. (12).

The cathodic limiting current density was achieved when the concentration of dissolved species
at the WE became depleted, i.e. C, = zero see Eq. (13).

Since thickness of the diffusion layer in the case of deaeration is similar to that in the aerated
condition, therefore it can be calculated by using Eq.(13) for aerated system according to the
following data at room temperature:

C, =8 ppm (mg/l or g/m?).

C, = 0.25 mole/m® (atomic mass of O, 32 g/mole).

Doz = 2 x10"° m?/s (diffusion coefficient of O, in water).

liim= 8.68 A/m? from Figure3(i.e for aerated curve)

F =96,500 C/mole

n = 4 electrons that required for oxygen reduction

2x10°m? /s*4*96,500 C/ mole*0.25 mole/m?
X

8.68 A/m?=

X =2.22x10° m

Now calculate concentration of dissolved oxygen in solution under deaerated condition. The
lowest l;im, Which was achieved after aerating process, was 0.462 A/m® at E -0.55 V SCE (see

Fig. 3). Using Eq.(13) to calculate C, in deaerated condition:

2x10°m?*/s*4*96,500 C/mole*C,

0.462 A/m*= ~
2.22x107°m

C, = 0.013 mole/m®

C, =416 ppb

The corrosion rate of injection pipelines can be calculated by using Eq. (11)
CR = 0.5 mm/year.

7. DISCUSSION AND SOLUTIONS

Fig. 1 shows the limiting current densities for aerated and deaerated conditions. While Table 2
and Table3 show the corrosion rates of various pipelines during operation the vacuum
deoxygenation packed towers and during maintenance respectively. It can be seen from Table 2
that although most of the dissolved O, gas is removed from water by the deaeration process, but
the corrosion rates of the pipe lines are still higher than the acceptable value that is 0.1 mm/yr.
This because of the concentration of the remaining dissolved oxygen in the water, which leaves
the vacuum towers after deoxygenation process, is high 0.5 ppm (500 ppb) as shown in the
Table 1. Whereas Table 3 explains that the O, related corrosion rates of various diameter
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pipelines are high when the vacuum deoxygenation tower is out of the operation. Table 3 also
explains that the corrosion rate of a pipeline strongly depends on the water flow rate. As the flow
rate of injected water increases, thickness of the diffusion layer decreases and hence the flux of
the oxygen increases Coulson et al.,1999. Therefore, the corrosion rate of a pipe lines increase.
It can be seen from the same Table that the CR of 8 in. id pipeline is 7 mm/yr at 150 m®hr,
while the CR of 28 in. id pipeline is 18.5 mm/yr at 4200 m*/hr. On the other hand, the corrosion
rate of a pipeline decreases with increasing the diameter of a pipeline.

It also can be seen from the Table 3 the effect of the temperature of the injected water on the
corrosion rate. Although the concentration of dissolved oxygen in water decreases with
increasing temperature, but the corrosion rate of a pipeline increases. This because of increasing
temperature leads to increase the diffusivity of the oxygen in the water. Consequently, the
oxygen flux increases and hence the corrosion rate increases Coulson et al.,1999. The corrosion
rates of a pipelines during maintenance of the deaeration unit can be calculated by multiplying
the corrosion rate of a pipe line in mm/month by a period of a maintaining.

In both cases when either the vacuum towers operate or out of operation, in additional to the
general corrosion, the pipe lines will susceptible to the stress corrosion cracking (SCC) as it be
mentioned in the introduction. Therefore, it is necessary to remove or to eliminate quantity of
dissolved O, gas in the injected water to acceptable value 0.01 ppm (10 ppb) especially when the
water injection system operates without the deaeration process (i.e. vacuum towers are out of
operation). These can be achieved either by increasing the amount of the chemical species that
acts as oxygen scavenger or by bubbling the water with nitrogen gas. Each option will be
discussed separately.

The first recommendation involves increasing the amount of the scavenger added to compensate
for the loss of the dearation unit. The new amount of the oxygen scavenger, which will be added
to the system, should be sufficient to reduce the concentration of dissolved oxygen from either
9.1 ppm at 20°C or 6.2 ppm at 40°C into 0.01 ppm (10 ppb). This will reduce the reduction of O,
(cathodic reaction) and iron dissolution (oxidation reaction) that take place on the internal
surfaces of the injection system pipelines and oil production during the repair of the dearation
unit. There are many chemical species that are used as oxygen scavenger but sulfite and
hydrazine are the most common oxygen scavengers agent for water system. It prefers to use
sodium sulfite (Na,SO3) to remove the O, from water. This is because hydrazine is very toxic
and dangerous Zaki, 2004, Nathan,1984.

According to the chemical equilibrium reaction Eq. (14), two mole of Na,SO; are required for
remove one mole of dissolved oxygen.

Where the atomic mass of 2Na,SO3; = 252 gm/mole, and atomic mass of 0,=32 g/mole. Then,
the number of parts (grams) of sodium sulfite that required to remove one part of dissolved
oxygen from water = 8 parts (grams) of Na,SO; per part (gram) of O,. Therefore, it is required to
add 48-72 ppm of sodium sulfite for reduce the concentration of dissolved oxygen from 6.2-9.1
ppm to 0.01 ppm. As result the corrosion rate of the pipelines and other equipments of the
injection system decrease to acceptable values as shown in Table 4.

On the other hand, the performance of the sodium sulfite affects by presence of the anearobic
sulphate reducing bacteria (SRB) in the system which utilise sulphate to produce high aggressive
substance such as H,S. It forms unprotective sulphide corrosion product. This is can be treated
by adding Biocide to the injected water in order to prevent formation the SRB on the inner
surface of the pipelines and other structure.

The second suggestion is deaerated the injected water, which is utilized to enhance the oil
production, by using nitrogen gas stream and this process should take place in the water injection
tank before transport through pipelines into the wells Barnhart,1995. This was achieved by

20



Number 1 Volume 21 January 2015 Journal of Engineering

bubbling a solution with pure nitrogen gas which caused removal of a high proportion of the
dissolved oxygen gas from the water to the atmosphere. As a result, a decrease in the
concentration of the dissolved oxygen gas in an electrolyte (water) is obtained according to the
Henrys law. The experimental result showed that the residual dissolved oxygen in the water was
0.013 mol/m3(416 ppb) and the corrosion rate of metal was 0.5 mm/year. Amount of the residual
dissolved oxygen in the injected water can be controlled by the period of deaeration process and
preventing an oxygen gas from entering to the system either during or after deaeration process.
This process can be used combine with chemical species in order to reduce the quantity of
oxygen scavenger, which used to eliminate the concentration of dissolved O, in water. Hence,
the cost of using oxygen scavenger will be reduced and the dangerous of SRB also will be
eliminated.

8. CONCLUSION

It can be concluded that presence dissolved oxygen in the water which is injected to the oil wells,
without treating causes severe damage of its structure. The O, related corrosion rate is predicted
to be higher during the repair of the deaeration unit. This influence can be reduced by increasing
the amount of the oxygen scavenger between 48 to 72 ppm which reacts chemically with the
dissolved O,. This influence also can be overcome by bubbling the water with oxygen-free
nitrogen gas which caused removal of a high proportion of the oxygen gas from the system to the
atmosphere through a vent present at the top of the water injection tank and experimental result
showed that the residual dissolved oxygen in the water was 0.013 mol/m®(416 ppb) and the
corrosion rate of metal of the internal surfaces of the pipelines, which is made of carbon steel,
was 0.5 mm/year.

The first and second recommendations could be used together in order to decrease the cost of the
chemical substance, which be used as O, scavenger, and the dangerous of SRB also will be
eliminated.
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Lim=n.F.K.Cy

CR(mmiyr)=1m M x1000
nF.p

DnF (C,-C,)
X

lim =

DnFC,

liim =

2Na,S0O3+0,—2Na,SO4

NOMENCLATURE
A = cross-section area of the pipe  (m?)

Cy = concentration of the oxygen in the bulk of feed water (mole/m®).

Journal of Engineering

9)

(10)

(11)

(12)

(13)

(14)

Cs = concentration of dissolved species at surface of the WE (mole/m?).

CR: corrosion rate in mm/yr.

D = diffusion coefficient of oxygen in water (m?%s).

d = diameter of the pipe (m).

F = faraday’s constant (96,500 C/mole).

K = mass transport coefficient of the oxygen (m/sec).
lim=limiting current density ~ (A/m?).

m = atomic mass of iron = 55.845 g/mol.

n = number of the electrons that are consumed or released.
Q = volumetric flow rate  (m%/s).

Re = reynold number and is related to the fluid flow rate.
Sc = schemidt number and is related to the fluid properties.

Sh = sherwood number and is related to the  mass transport.

t=time (year)

u = velocity of the fluid  (m/s).

v = kinematic viscosity m?/sec

X = thickness of the diffusion layer m
P = density of the iron = 7.874 g/cm?®
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Table 1. The operation conditions of the vacuum deoxygenation tower .

Parameter unit | Range Parameter unit | Range
Operating Inlet Water Flow Rate 3
°C 20-40 m°/h | 300
Temperature (per tower)
) Dissolved Oxygen in Inlet
Operating Pressure Mpa | -0.098 ppm -
Water
Design Life year 20 Dissolved O, in outlet Water | ppm 0.5

Figure 1. Internal corrosion of water injection pipeline.

24



Number 1 Volume 21 January 2015 Journal of Engineering

Figure 2. Electrochemical cell during deaerated process at -200 mV SCE.

Table 2. Corrosion rate of the water injection system during operation of
the vacuum deoxygenation tower.

CR
At 20 °C At 40 °C
Inside diameter (in.) Inside diameter (in.)
Parameter 6 8 16 18 28 6 8 16 18 28
Coa(ppm) | 91 |91 [91 [91 |91 62 |62 |62 |62 |62

C,(ppm) | 05 | 05 [ 05 | 05 | 05 | 05 | 05 | 05 | 05 | 05

CR 0.18 | 0.13 | 0.37 | 046 | 0.67 | 0.38 | 0.84 | 0.84 1 1.5
(mml/yr)
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Table 3. Corrosion rate of the water injection system equipments during

Maintenance.

CR
At 20 °C At 40 °C
Inside diameter (in.) Inside diameter (in.)
Parameter 6 8 16 18 28 6 8 16 18 28
Flow rate 33 150 | 650 | 1075 | 4200 33 150 | 650 | 1075 4200
(m3/hr)
Areaofza 0.01 | 003|013 |0.16 | 0.397 | 0.01 | 0.03 | 0.13 | 0.164 | 0.397
pipe (m°) 82 | 2 4 82 | 2
Eq.(9)
U (m/s) 050 | 13 | 139|182 | 294 | 050 | 13 |[139 | 1.82 2.94
Eq.(8) 3 3
Coz(ppm) 9.1 |91 9.1 9.1 9.1 6.2 | 6.2 6.2 6.2 6.2
Cbmol/m3 0.28 | 0.28 | 0.28 [0.28 | 0.284 | 0.19 | 0.19 |0.19 |0.1937 | 0.1937
4 4 4 4 37 |37 37
D(mz/s) 18 | 18 | 1.8 | 1.8E | 1.8E-9 | 3.7E | 3.7E | 3.7E | 3.7E-9 | 3.7E-9
-9 -9 -9 -9 -9 -9 -9
V(m?s) |1.0E | 1.0E | 1.0E | 1.0E | 1.0E-6 | 6.6E | 6.6E | 6.6E | 6.6E-7 | 6.6E-7
-6 -6 -6 | -6 -7 -7 -7
Re 7642 | 2633 | 5632 | 8296 | 20846 | 1165 | 4002 | 8559 | 12645 | 31680
8 69 06 |15 74 00 42 03 96 72
K (m/s) 5.3E |6.6E | 9.6E- | 55E | 1.2E | 1.2E | 1.5E- | 2. 1E-
Eq.(7) 25E | 55E | 5 |-5 5 5 |-a 4 4 4
-5 -5
L 274 | 60 | 581|724 | 1052 | 411 | 90 | 897 | 11.21 | 1595
Eq.(10)
CR(mm/ynNE | 3.2 7 6.7 8.4 12.2 48 | 104 | 104 13 18.5
q.(11) )
CR 026 | 06 | 056 | 0.7 1.0 0.4 | 0.87 | 0.86 1.1 1.54
(mm/month) 5
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Figure 3. Polarization curve of platinum in solution of sodium chloride.

Table 4. Corrosion rate of the water injection system equipments after increasing the

amount of the O, scavengers

CR
At 20 °C At 40 °C
Inside diameter (in.) Inside diameter (in.)
Parameter 6 8 16 18 28 6 8 16 18 28
Flow rate
(m*hr)

33 150 650 1075 4200 33 150 650 1075 4200
Area of a
pipe (M) | 5018 | 0.032 | 0.13 | 0.6 | 0397 | 0.018 | 0.03 | 013 | 0.164 | 0.307
Eq.(9) .018 . . . . .018 . . . .

2 4 2 2
U (m/s)

27




Number 1

Volume 21 January 2015

Journal of Engineering

Eq.(8) 0503 13 | 1.39 | 1.82 | 294 | 0503 | 1.3 | 1390 | 182 | 294
Co2(ppm)
001 | 001 | 001 [ 001 | 001 | 001 | 001|001 | 001 | 001
C 3
Pmol/m™ | 31 | 31E- | 3.1E- | 3.1E- | 3.1E-4 | 3.1E-4 | 3.1E- | 3.1E- | 3.1E-4 | 3.1E-4
4 4 4 | 4 4 |4
D (m%s)
18E- | 1.8E- | 1.8E- | 1.8E- | 1.8E-9 | 3.7E-9 | 3.7E- | 3.7E- | 3.7E-9 | 3.7E-9
9 9 9 9 9 | 9
V- (m?s)
1.0E- | 1.0E- | 1.0E- | 1.0E- | 1.0E-6 | 6.6E-7 | 6.6E- | 6.6E- | 6.6E-7 | 6.6E-7
6 6 6 |6 7 |7
Re ;642 2633 | 5632 | 8296 | 208467 | 11650 | 4002 | 8559 | 12645 | 31680
69 06 |15 4 o | 42 |03 96 72
K (mfs)
Eq.(7) 2.5E- | 55E- | 5.3E- | 6.6E- | 9. 6E-5 | 5.5E-5 | 1.2E- | 1.2E- | 1.5E- | 2. 1E-
5 5 5 |5 4 4 4 4
| .
E'('qm(lo) 3E-3 | 6.6E- | 6.3E- | 7.9E- | 1.15E- | 6.6E-3 | 1.4E- | 1.4E- | 1.79E- | 2.5E-2
: 3 |3 3 |2 ) |2 |2
CR(mml/yr)
Ba.(1D) |34 | 7.6E- | 7.3E- | 9.4E- | 1.3E2 | 7.6E-3 | 1.6E- | 1.6E- | 2E-2 | 2.9E-2
3 (3 |3 3 2 |2

Diffusivity coefficient of O, in the water at 20°C and at 40°C are obtained from Coulson et
al.,1999, Verhallen et al.,1984.
Kinematic viscosities of water at 20°C and 40°C are obtained from, Josepn et al.,1987.
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ABSTRACT

Co-composting process can be acquired by combining organic fraction of municipal solid waste
(OFMSW) with sewage sludge (SS) and mature compost (MC) as enhancement and bulking agent to
overcome the problems of municipal solid waste and wastewater treatment plants besides the finally
produced fertilizer usage for agriculture and horticulture. The effects of different mixture ratios of
(OFMSW), (SS) and (MC) on the performance of composting process were investigated in this
study. Piles of about 10 kg were prepared by mixing OFMSW, SS and MC in three different ratios
(w/w) [OFMSW: SS: MC= 3:1:1, 3:2:1, and 3:3:1]. Results showed that the pile [3:1:1] was most
beneficial to composting. The final compost products contained a C/N ratio (12.17), nitrification
index (N-NH4/N-NO3) (0.2), organic matter degradation (36%), N content (1.75%), and
Germintation Index (GI) 77.4%. Final compost showed low amounts of heavy metals, and
significant reduction of pathogens indicating mature and stable bio-mass

Key Words: co-composting, organic fraction of municipal solid waste, sewage sludge mature,
compost.
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1. INTRODUCTION
Due to rapid increases in urban population, organic fraction of municipal solid waste (OFMSW) and
sewage sludge (SS) (bio solids) have increased dramatically in the past 20 years. Environmental
pollution caused by OFMSW and SS has become a serious social problem which hinders urban
development Girovich, 1996. In many nations there are now strict mandatory targets to reduce the
amount of biodegradable municipal waste (BMW) entering landfill due to the lack of available
landfill space and increasing concerns about climate change EC, 2001. Further some countries also
advocate that any waste that enters the landfill must first be treated to reduce its environmental
impact. Treatment options include incineration, separation of recyclable and compostable materials
at the source by householders, or raw waste undergoing some form of mechanical biological
treatment (MBT), with the residuals being landfilled Farrell and Jone, 2009. The organic content
of a waste is generally higher in developing countries; therefore, composting is an appropriate
alternative for waste management Kanat et al., 2006. Composting not only helps to solve the
problem of waste disposal, but also produces a useful bio amendment agent (compost) Banegas et
al., 2007. OFMSW usually has the characteristics of an incompact structure and a relatively high
carbon to-nitrogen ratio (C/N), whereas SS usually has the characteristics of a dense structure due to
its high moisture content and low C/N. Therefore, SS requires a larger amount of bulking agent
(such as sawdust, vegetal remains, or straw) to absorb moisture, provide the composting mass with
an appropriate degree of sponginess and aeration, and increase the C/N ratio Chen et al., 1996 ;
Marek et al., 2003 ; Banegas et al., 2007 and Guardia et al., 2008. OFMSW could act as a
bulking agent for sewage sludge due to its loose structure and relative high C/N. Mixing OFMSW
and SS can thus improve the sewage structure, increase the nitrogen content of municipal solid
waste (MSW) for the compost product, and meet the goal of fast sanitization and stabilization
Banegas et al., 2007.
Composting is a popular way to treat organic solid waste Bari and Koenig, 2001, but there are
many factors that affect the composting process, such as the proportions of the mixture, the aeration
rate, oxygen consumption rates, compost recycling, moisture content, pH and C/N, Golueke and
Diaz, 1996; Smith and Hughes, 2004 and Meunchang et al., 2005.
For different materials, the composting parameters are different. For example, Banegas et al. 2007
studied the composting of SS with sawdust as the bulking agent and found that a 1:1 weight ratio
was most suitable for aerobic compost process. Meunchang et al. 2005, conducted composting
experiments with a 2:1 weight ratio of filter cake and bagasse to reduce the C:N ratio in order to
reduce N loss during composting.
An optimal composting mixture of 50% food waste, 40% manure, and 10% bulking agent was found
from previous in-vessel composting study by Cekmecelioglu et al. 2005. Marek et al. 2003. They
suggested that only a small part of the SS could be utilized for composting because of the limitations
of the volumetric ratio between the organic wastes and SS, considering the required properties of the
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raw mixture (moisture, porosity and the ratio C/N). The use of chicken dung and soil as feedstock
seems to be necessary to increase carbon to nitrogen ratio (C/N) in the optimal range for efficient
composting and to compensate for the presence of poorly degradable sources of carbon in SS
Yamada and Kawase, 2006.

Despite many previous studies on MSW or SS composting processes, information on the
characteristics of the co-composting of MSW and SS are not available.

The objectives of the present study is to investigate the characteristics of the co-composting of
municipal solid waste (MSW) and sewage sludge (SS) through changes in temperature, organic
matter, moisture content, carbon (C), nitrogen (N), C/N, and N loss, using three different mixing
ratios.

2. MATERILS AND METHODS

2.1 Experimental Composting Configuration

A column vessel of 30 cm diameter and 45 cm height was used as a bioreactor with a perforated
steel plate elevated 10 cm from the bottom of the vessel as given in Fig. 1. The perforated steel plate
was installed to ensure air intrusion through mass voids, leachate collection and raw materials
supporting. A glass thermometer was mounted below the surface of the materials for rapid
temperature monitoring. A top slot next to the main opening was fitted tightly with a valve to ensure
fermentation gases outlet. Humidity and pH sensors were installed inside the bioreactor. The
composting material was rolled every 12h, for 5 min each time in order to provide proper mixing
and aeration. Hydration was adjusted manually to maintain mixture humidity rate between 40% and
50%. The bioreactor was buried in the soil to maintain and control temperature for the composting
process.

2.2 Composting Material

Approximately 10 kg of raw material consisted of sewage sludge that were taken from the drying
beds in Al Rustemeyia wastewater treatment plant at Al-Rusafa side in Baghdad which treats mainly
domestic wastewater, blended with kitchen organic fraction of municipal solid waste (OFMSW) as
presented in Table 1, and finally with mature compost (MC) prepared previously. The composting
process consisted of four experiments lasted about 40 days each, as follows:

1-An OFMSW with same components and weights as indicated in Table 1 was composted alone in
the bioreactor to prepare mature compost (MC), to be used as a raw material for the following
experiments.

2- Mixture of (OFMSW), SS, and MC was composted in experiments E1, E2, and E3 with different
proportions. The three experiments were compared to find one appropriate proportion out of the
three following mixtures: (OFMSW: SS: MC, 3:1:1, 3:2:1, 3:3:1).The ratio of MSW, SS and MC
was chosen to achieve optimal homogenization and an incompact structure. It was noticed that if the
SS content is high, the mixture will not mix uniformly because of the structure of dewatered SS is
viscous and is not easy to spread.

2.3 Sampling and Analyses

Samples were taken at regular intervals, using compositing sampling method which offers the
advantage of increased accuracy through the use of large numbers of sampling units per sample
Banegas et al., 2007. Organic analysis samples were taken every three days, while temperature and
pH analysis samples were taken daily. The final sample was formed after mixing six samples
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together to form a homogeneous material. From this homogeneous material a portion of sample was
air-dried and crushed into powder using a laboratory mortar until no gritty particles can be detected
and then stored for heavy element analysis. Another portion was used for the, N-NH4, N-NOg, total
nitrogen, organic carbon content, organic matter content and pathogenic bacteria TMECC, 2002.

2.4 Characterization of Composted Material

Organic matter was determined using the combustion method ASAE, 2004: Two grams of the
sample were weighed and dried in an air oven at 105°C for 24hr. The dried sample was weighed to
determine dry weight (A). The dried sample was then burned in a furnace at 550°C for 4 hours, then
weighted to measure the ash weight (B).

The contents of organic matter and carbon are measured as follows ASAE, 2004:

% organic matter= (A-B)/A x 100 @
% carbon= (% organic matter) / 1.8 (2)

The content of nitrogen as ammonium and as nitrate and total nitrogen was determined by kjeldah
method. The compost temperature was measured at regular time intervals throughout the
composting duration, using a digital thermometer. Another set of temperatures were measured in
different parts of the bioreactor until the termination of the composting trial. An average value was
accepted as the temperature of the composting material.

Ten grams of sample were weighted and strewed into Erlenmeyer flask, 100 ml of distilled water
was added. Auto shaked for 30 min to measure the pH of samples extract using a pH meter.
Moisture content (gravimetric, wet basis) was determined by drying at 105 ‘C for 24 hours.

Total phosphorous as P,0s, total potassium as K,O, magnesium as MgO, calcium as CaO and heavy
metals concentrations (Cd, Cr, Cu, Ni, Pb, Zn) were analyzed using Atomic Absorption
Spectrophotometer (Perkin Elmer 2380, AAS-EM). To estimate the reduction of the pathogenic
microorganisms, biological analyses have been performed to evaluate their density prior and after
the composting processes. The analyses evaluated the density of the total and faecal coliforms and
helminthes eggs in the compost produced for each trial.

3. RESULTS AND DISCUSISSION

3.1 Characterization of Raw Materials

From Table 2, the drying bed SS is characterized by high moisture content of an average value of
(72.60) % and low C/N ratio (17.79). The C/N ratio of MSW is about 30 and is optimal for
composting as it can be composted alone with the addition of water Ogunwande et al., 2008;
Huang et al., 2011; and Al-Zubaidi, 2013.

The initial pH values of MC, OFMSW and SS were measured to be 6.3, 8.5, and 6.5 for respectively
as shown in Table 2. The presence of high concentrations of heavy metals such as Zn and Pb were
the trace-elements acquiring the highest concentrations in SS used in this study.

3.2 Physicochemical Parameters

3.2.1 Mass loss

The starting weight of 10 kg raw material turned to be 3.3kg, 3.75kg and 4kg through 40 days of
composting for E1, E2 and E3 respectively indicating successful reduction in mass quantities.
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3.2.2 Mineralization or (Organic matter degradation)

Mineralization is the decomposition or oxidation of the chemical compounds in the organic matter
into plant accessible forms Girovich, 1996.

The mineralization process which took place in the composting bioreactor resulted in lowering
organic matter content of the substrate. Organic matter content of the substrate at the initial stage of
composting on the 1st day dropped from 60.24% to 38.34% for E1, 58.83% to 42.58% for E2 and
56.84% to 45.36% for E3 at the end of the composting process (40 days) as shown in Fig.2. Organic
matter was subjected to an overall reduction of 36% throughout Elcomposting process, 28%
reduction throughout E2 and 20% throughout E3, while the remaining carbon content at the end of
each process was 21.3%, 23.65% and 25.2% respectively, which is considered to be a good value
referring to Brinton, 2000 and is expressed in Table 3.

3.2.3 Temperature

Temperature followed a typical temperature profile for composting (mesophylic-thermophylic-
mesophylic), Fig.3. In each pile the temperature increased from ambient temperature to more than
50 °C within 2-5 days, and showed rapid initiation of the compost process, due to the appropriate
C/N ratio besides the process is exothermic. The substrates passed from an initial mesophylic phase
(<40 °C) to a thermophylic phase after the 2nd day for E1, the 3rd day for E2, and the 5th day for
E3. Comparing the piles, it seems that higher temperature was achieved in the mixture of E1 (3:1:1),
confirming the assumption that self-heating ability is closely correlated to the waste characteristics.
Temperature may increase up as a result of biological degradation of organic materials in solid
waste or other organic matter in first days of composting process. High moisture content and low
amount of composting material mass may not produce enough heat and may lost the heat it
produced easily De Guardia et al., 2010.

As the organic compounds were degraded, the piles become richer in the more stable compounds
which were less accessible to the microorganisms and as a result the corresponding temperature
begun to decrease gradually reaching almost ambient temperature. The temperature reached a
second mesophylic phase on the 6th day of E1, the 4th day of E2, and on the 8th day of E3 while the
maturation process took place during this last stage of composting as shown in Fig. 3. Similar
temperature profile was observed in related pilot scale bioreactor composting experiments held
locally Al-Zubaidi, 2013; Talib, 2014 and globally Tang et al., 2007; Lu et al., 2008;Elango et
al., 2009; and Gao et al.,2010. Reaching high temperatures may participate actively for
accomplishment of compost stability and reduction of retention time in the bioreactor Elango et al.,
2009. Finally, the temperature of each pile approached the ambient temperature at day 30-40.
Elevated temperatures (>50 °C) were maintained in the bioreactor for five continuous days (2™ to
6" day) for E1, two days (3" to 4™ day) for E2 and one day (7" day) for E3, which is sufficient time
for the sanitation of the substrate in E1 and E2 to get rid of pathogenic microorganisms that exist in
SS mainly, while one day for E3 may indicate low compost stability. Many researchers reported that
the temperature range for optimal composting is between 52 to 60-C Boch et al., 1984; Elango et
al., 2009; Huang et al., 2011; and Al-Zubaidi, 2013.

3.2.4 pH.

As shown in Fig.4, the pH values increased during the initial stage of anaerobic composting (9.7 on
the 3 day, 8.8 on the 4™ day, and 9.9 on the 5™ day for E1, E2 and E3 respectively, probably this
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is due to rapid activity of bacteria which release ammonia as organic matter decays. Thereafter,
through ammonia volatilization and its oxidation to nitrates by the action of nitrobacteria and
trapped air, ammonia content decreased and thus the pH value drops to around 7 at the end of the
process. The pH of the mature compost was near neutral (6.3—7.6) indicating a good quality compost
that is within the suggested range of (6-8.5) TMECC, 2002 .This finding was closely related to
Sénchez- Mondero et al., 2001; and Huang et al., 2011.

3.2.5 Moisture content (Mc)

Moisture content is the single most important factor that promotes and accelerates the
decomposition process. The initial substrates were prepared to have relative high moisture content
(78.0%, 72.0% and 70.0 % for E1, E2 and E3 respectively) to sustain thermophilic phase
TMECC, 2002. At final stages of composting moisture content decreased gradually reaching 45%,
34% and 30% at the final day of the process (40th), for E1, E2 and E3 respectively as shown in
Fig.5. Final low water content reduces the intensive microbiological activity and at the same time,
reduces the transportation costs of mature compost as it occupies less volume.

3.2.6 Nitrogen content

Nitrogen content was measured at the end of each trial i.e. on the 40th day, it was found to be
1.75%, 1.40% and 1.05% for E1, E2 and E3 respectively, as shown in Table 3. During composting,
nitrogen is metabolized mainly to ammonium while the non-soluble complexes of nitrogen
decompose to soluble nitrogen forms that are readily available for metabolic activities.

Losses in nitrogen gas during composting occur mainly as ammonia but may also occur as nitrogen
and nitrates oxides Eklind and Kirchmann, 2000. On the other hand, in terms of dry weight, there
IS an increase in total nitrogen concentration due to the mineralization of organic matter and
consequent loss of weight in the mass being composted through losses of CO, and H,O Banegas et
al., 2007. According to Table 3, initial substrate acquired a 19.50,18.32and30.42 C/N ratio, for E1,
E2, and E3 respectively, due to carbon consumption at the end of the process the C/N ratio had
decreased t012.17, 16.90 and 24.00 for E1, E2 and E2 trials respectively which are qualified as good
quality compost and thus can be applied in agricultural land. Maintaining C/N ratio after composting
is an important factor to determine the value of finished compost as soil amendment for crops.
Researchers have suggested various ideal C/N ratios from more than 12 to lower than 25 Brewer
and Sullivan, 2003; Rihani et al., 2010; and Al-zubaidi, 2013 but the optimal value is often
dependent on the initial feedstock. Therefore the ratios obtained in this study for E1, E2 and E3were
considered satisfactory.

C/N of E3 mixture was the highest of three ratios. Significantly high losses of N occurred during the
composting process, and the losses of N increased when the amounts of SS in the mixtures increased
(3:3:1). The degree of stability of the compost is also strictly related to the nitrification index (N-
NH4/N-NO3).For the 3:1:1 mixture, the C/N was the lowest of the three ratios. However, a higher N
content (1.75%) was found in the final composting which contribute to the reduction of the
nitrification index (N-NH4/N-NO3) during compost maturation and can be considered as an indicator
of a high degree of compost stabilization Brinton, 2000; Abouel wafa et al., 2008; and Huang et
al.,2011.The appearance of significant quantity of nitrates at the final day (968.4, 1230.8 and1350.7
mg/kg) in conjunction to low ammonium concentration (200.7, 340.5 and 420.3 mg/kg) are shown
in Table 4. In his study, the acquired ratio was 0.2, 0.28 and 0.31, for E1, E2, and E3 respectively,
where ratios less than 0.5 are the better for mature compost Brinton, 2000.

34



Number 1 Volume 21 January 2015 Journal of Engineering

3.2.7 Nitrogen, phosphorous and potassium (NPK)

Levels of NPK value in the finished compost are also important in determining the quality of
compost, since those elements are essential nutrients for plant growth. lyengar and Bhave in 2006
reported that the nitrogen, phosphorous and potassium (NPK) contents for compost should be more
than 1% each. The total N% found to be 1.75%, 1.4% and 1.05% for E1, E2 and E3 respectively as
forementioned in Table 3.The results shown in Table 5 revealed that initial values of nutrient P as
percentages decreased to 0.98, 0.86, and 0.56 for trials E1, E2, and E3 respectively, while the
amount of P in the original heaps were 1.68, 1.48, and 0.96 as percentages respectively. This
reduction may be attributed to consumption of phosphoric compounds in cell growth and reduction
in total mass. The amount of K values increased to 1.99, 1.83, and 1.82 as percentages for the three
trials. According to the aforementioned literatures and the data obtained from E1,E2 and ES3 trials,
the nutrients level of the end-product composts appeared to be sufficient for plant growth for
E1(3:1:1) only.

3.2.8 Heavy metals

High levels of heavy metals such as Cd, Cr, Cu, Pb, Ni and Zn in the composts represent an obvious
concern if they were to be applied to food crops. Heavy metals do not degrade throughout the
composting process, and frequently become more concentrated due to the microbial degradation and
loss of carbon and water from the compost Richard and Woodbury, 1992.

The heavy metals concentrations in the final composts were generally low and did not exceed the
suggested European Union states and USA limits presented in Table 6. In addition compost
produced from E1, E2 and E3 trials may be classified as first class compost based on the metal
quality standards for compost and stabilized bio-waste Brinton, 2000. Total metal contents in
compost are of concern when repeated applications to land occur. Field trials involving MSW
compost application to soil have all reported an increase in soil and plant metal concentrations.
Generally, increasing the overall heavy metal burden of the soil may be undesirable. Yet the risk of
metal contamination from MSW-derived composts is of similar magnitude to that posed by bio
solids application to land which is now a widely accepted practice.

3.2.9 Pathogenic microorganisms

One of the problems posed by direct use of sewage sludge in agriculture is the risk of plant and
human contamination by pathogens. According to Stentford in 1996, temperatures more than 55 °C
favor sanitation, values between 45 and 55 °C favor degradation, and 35 and 40 °C favor microbial
diversity. The maximum temperatures during the present composting process were ranged between
(51and 58) °C. These temperatures, which were maintained for several days during the process,
ensured that the composting process followed was suitable for stabilizing organic matter and
suppressing pathogenic microorganisms. The development of microbial populations, which cause
numerous physicochemical changes within the mixture, could influence the metal distribution
through release of heavy metals during organic matter mineralization or the metal solubilization by
the decrease of pH, metal bio sorption or metal complexation with the newly formed humic
substances Zorpas and Loizidou, 2008.

To estimate the reduction of the pathogenic microorganisms, analyses have been performed to
evaluate the density of total coliforms, faucal coliforms and helminthes eggs prior and after
composting processes as shown in Table 7. The elimination or inactivation of pathogenic
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microorganisms in composts depends on the time/temperature conditions maintained during
composting. In this study, elevated temperatures (>55 °C) were obtained for approximately four
continuous days (2" to 5" day for E1), above 50 °C for two days (3 to 4™ day for E2) and equal
51°C for one day (7" day for E3), as shown previously in Figure 3. Therefore, it can be inferred that
the composting trial for E1 had been performed successfully with respect to the sanitization of bio
solids since the levels of pathogenic microorganisms detected at the end of the process in E1 was
significantly lower than E2 and E3.However, a quite difference has been observed between E1, E2
and E3 trials for total and fecal coliforms in the final compost due probably to different ratio of SS.
While in all cases, data comply with the guidelines for the safe reuse of fecal sludge USEPA, 1993;
WHO, 1996; and Brinton, 2000.

3.2.10 Germination test

The compost obtained from EL1 trial, after 40 days at 70% moisture and C/N ratio of 12.17 was
chose to carry out the germination test, to check the phytotoxic effect on plant growth.

The outcomes of the germination test are given in Table 8 that shows 86% relative seed germination
and 90% relative root growth; the calculated value of germination index (Gl) is 77.4%. On the other
hand, poor relative seed germination (60%), root growth (68%) and Gl (40.8%) values were
observed for the commercial compost extract, this is an indication that the commercial compost was
probably immature. The following equations were used to calculate the relative seed germination,
relative root growth, and germination index (GI) Marek et al., 2003:

Relative seed germination (%) =
Number of seeds germinated in compost extract

x 100 ?)

Number of seeds germinated in control

Relative seed germintation (%) = g x 100 = 86%

Mean root length in compost extract

, o) —
Relative rootgrowth(%) Jiean root length in control x 100 4)
Relative rootgrowth(%) = 0'—\/9?0 x 100 =90%
Gl (%) _ (Relative seed germinatif(:lo)x(Relative root growth) (5)
GI (%) = S0 = 7749

There is a potential concern that the applicability of these results could be limited because;
the data used are not suitable measurements for the quality of the compost in land application.

4. CONCLUSIONS

1. Composting provides a critical step in the treatment of MSW as mass reduction. The residuals
after composting is about 33.0%, 37.5 %, and 40.0 % of the original weight for the three trials
respectively indicating that E1 (3:1:1) is the best trial for reducing weight.

2. The present study has shown that E1 was superior to E2 and E3 during composting, especially for
moisture-content due to its ability to accumulate and retain heat and to achieve high organic matter
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degradation. The organic matter was subjected to an overall reduction of 36% throughout E1, 28%
reduction throughout E2 and 20% throughout E3, while the remaining carbon content at the end of
each process was 21.3%, 23.65% and 25.2% respectively, which is considered to be a good value.

3. The temperature of each trial elevated above 50 °C, and were maintained in the bioreactor for five
continuous days, for E1, two days for E2 and one day for E3, which is sufficient time for the
sanitation of the substrate in E1 and E2 for the destruction of pathogenic microorganisms that exist
in SS mainly.

4. The changes in temperature and chemical parameters of different OFMSW: SS: MC ratios
indicate that the E1 (3:1:1) is the best for maintaining the highest N content in the final composting
product.

5. Nitrogen content measured at the end of each trial was found to be 1.75%, 1.4% and 1.05%for E1,
E2 and E3 respectively, which proved all to be satisfactory. Due to carbon consumption at the end of
the process the C/N ratio has decreased to12.17, 16.90 and 24,00, for E1, E2 and E3 trials
respectively that is still within the recommended range.

6. The acquired ratios of nitrification index (N-NH4/N-NO3) were 0.2, 0.27 and 0.31, for E1, E2,
and E3 respectively. Biomass with lower than 0.5 nitrification ratio is considered as mature
compost.

7. The P percentage values decreased to 0.98 %, 0.86 % and 0.56 % for trials E1, E2, and E3
respectively.

8. The amount of K values increased to 1.99, 1.83, and 1.92 as percentages for the three trials.

9. The nutrients level NPK of the end-product composts appeared to be sufficient for plant growth
for E1 (3:1:1) only.

10. All of the heavy metal concentrations were relatively low when compared with the allowable
limits.

11. Composting trial E1 had been performed successfully with respect to the sanitization of bio
solids since the levels of pathogenic microorganisms detected at the end of the process in E1 was
significantly lower than E2 and E3.

12. The obtained Gl for E1 trial was 77.4 %, which can be classified as mature compost since Gl is
almost near the recommended level.

13. In conclusion, a 3:1:1 mixture of OFMSW:SS: MC is recommended for agricultural application
in terms of pH, high organic degradation, low heavy metal contents and satisfying content of
nutrients, germination index, and pathogens concentrations reduction.

5. RECOMMENDATIONS

1. It is recommended that segregation for MSW should be carried out at the household level in terms
of achieving highest efficiency for compost production.

2. Further studies are recommended to use composting technology to solve organic pollutants.

3. The system could be used by municipalities to conduct composting trials of their yard waste and
organic residues.

4. It is recommended that further pilot study should be carried out to investigate the effect of
different food wastes on the composting process.

5. Following the production of bio solids a field study is recommended to assess the effects of land
application of bio solids on crop yield and soil quality, the heavy metal accumulation in soil, crop
and also groundwater. This kind of collaboration makes the use of sludge in agriculture more
reliable.
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NOMENCLATURE & ABBREVIATIONS
BMW= biodegradable municipal waste

C/N = carbon to nitrogen ratio

Gl = germination index

LOD = levels of detection

MBT= mechanical biological treatment
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MC= mature compost
Mc= moisture content
MOA= ministry of agriculture
MSW= municipal solid waste
NPK= nitrogen, phosphorus and potassium content.
N.R=no reduction
OFMSW = organic fraction of municipal solid waste
SS= Sewage sludge
TKNW= water soluble total kjeldahl nitrogen
TMECC= test methods for the examination of composting and compost
TS= total solid

Table 1. OFMSW components.

Item (kg) MSW
Potato 1.27
Carrot 1.96

Broad beans 1.96
Meat 0.34
Steamed rice 2.00
Soil 2.00
Leaves 0.46
Water 0.70
Total 10

Table 2. Physicochemical parameters of raw materials

Parameters MC MSW SS
Organic matter% 40.87 84.42 44.83
Moisture content% 67.90 68 72.60
0.C% 22.71 46.9 24.91
N% 1.40 1.87 1.40
C/N 16.22 25.0 17.79
K% 3.06 1.91 1.00
P% 0.21 2.04 0.17
pH 6.30 8.50 6.50
Cd mg/kg <LOD* | <LOD* | <LOD*
Cr mg/kg 36.0 <LOD* | 77.0
Cu mg/kg 34.0 23.0 108.0
Ni mg/kg 25.0 25.0 112.0
Pb mg/kg 65.0 30.0 125.0
Zn mg/kg 513.0 202.0 928.0

*LOD: level of detection
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Figure.1. Schematic diagram of the bioreactor.

( —+E1(3:1:1) -—w—E2(3:2:1) ——E3(3:3:1)
2 65
LLl
|_
<
355
o
Z 45
0]
x
O 35 : : : : : .
1 4 0 13 16 19 22 25 28 31 34 37 40
\ TIME DAY
Figure 2. Organic matter variations through the composting processes.
Table 3. Properties of initial and final compost.
Trials 0.M% %Red 0.C.% %Red. N% %Red. C/N%
Initial | Final Initial | Final Initial | Final Initial | Final
El 60.24 | 38.34 | 36.35 | 33.47 | 21.30 | 36.5 N.R* | 19.50 | 12.17
311 1.72 | 1.75
5.22.1 58.83 | 42.58 | 27.62 | 32.68 | 23.66 | 27.6 178 | 1.40 21.3 | 1832 | 16.9
5%.1 56.84 | 45.36 | 20.19 | 31.58 | 25.20 | 20.20 104 | 105 N.R |30.42 | 24.0

N.R: no reduction
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Figure 5. Effect of the proportion of municipal solid waste, mature compost and sewage sludge on
moisture contents.

Table 4. Nitrification index for the concerned proportions.

mg/Kg E1(3:1:1) E2(3:2:1) E3(3:3:1)
NH.-N 200.70 340.50 420.30
NO3z"-N 968.40 1230.80 1350.70
NH,-N/ NO3"-N 0.20 0.28 0.31
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Table 5. P and K levels in initial proportions and in final composts.

Initial . . 2.
(Final) E1(3:1:1) | E2(3:2:1) | E3(3:3:1)
Y% 1.68 1.48 0.96
(0.98) (0.86) (0.56)
1.96 1.79 1.88
0
K% 1 (199) | (183) | (1.92)
Table 6. Heavy metals concentration in the 3 trials and quality standards of stabilized bio-waste Brinton,
2000.
Metal mg/Kg EU USA | E1(3:1:1) | E2(3:2:1) | E3(3:3:1)
Cd 0.7 32 <LOD <LOD <LOD
Cr 70-200 | 1200 <LOD 59 176
Cu 70-600 | 1500 16 64 35
Hg 0.7-10 17 <LOD <LOD <LOD
Ni 20-200 420 <LOD 49 80
Pb 70-1000 | 300 30 79 48
Zn 210-4000 | 2800 326 857 306
Table 7. Bio solids pathogen concentrations.
Initial— > E1(3:1:1) E2(3:2:1) E3(3:3:1)
(final ) (final) (final)
Total coliforms* 5.34 9.89 12.42
(0.2) (0.9) (1.8)
Fecal coliforms* 4.64 7.63 10.82
(<0.1) (0.3) (0.5)
Helminthes eggs /10 g 20.27 25.85 29.73
(<1) (<1) (<1)

* Log10 MPN/10 g ds.

Table 8. Outcomes of germination test.

Item/ parameter Control Co_mpost extract Compost extract of
test of in-vessel lab- .
Commercial compost
scale reactor

Total seeds 50 50 50
Germinated seeds 50 43 30

Mean root length cm 1 0.90 0.68
Relative seed germination (%) - 86 60
Relative root growth % - 90 68

Germination index % - 77.4 40.80
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ABSTRACT

The present study examines the extraction of lead (Pb), cadmium (Cd) and nickel (Ni) from a
contaminated soil by washing process. Ethylenediaminetetraacetic acid disodium salt
(Na,EDTA) and hydrochloric acid (HCI) solution were used as extractants. Soil washing is one
of the most suitable in-situ/ ex-situ remediation method in removing heavy metals. Soil was
artificially contaminated with 500 mg/kg (Pb , Cd and Ni ). A set of batch experiments were
carried out at different conditions of extractant concentration , contact time, pH and agitation
speed. The results showed that the maximum removal efficiencies of (Cd, Pb and Ni ) were
(97, 88 and 24 ) % respectively using ( 0.1 M) Na,EDTA. While the maximum removal
efficiencies using (M) HCI were (98, 94 and 55)% respectively. The experimental data of batch
extraction were applied in four kinetic models; first order, parabolic diffusion, two constant and
Elovich model. The parabolic diffusion was the most fitted to the experimental data.

Key words: contaminated soil, heavy metals, soil washing, chemical extraction, kinetics.
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INTRODUCTION
Pollution of the soils with toxic metals is widespread across the globe, and threat in many
countries today . It has become a major environmental concern in many parts of the world due to
rapid industrialization, increased urbanization, modern agricultural practices and inappropriate
waste disposal method. Accordingly, the cleanup of these soils is a difficult task for
environmental engineering Tandy, et al .,2004.
Heavy metals are chemical elements with a specific gravity that is at least (5) times the specific
gravity of water. They are often problematic environmental pollutants, with well-known toxic
effects on living systems, Evanko, et al., 1997. They are introduced into the environment during
mining, refining of ores, combustion of fossil fuels and industrial processes. They cannot be
degraded or destroyed, Davydova, 2005.

The contamination of surface and groundwater with highly mineralized mine waters or with
compounds leached from mine dumps or tailings pose a very persistent environmental problem.
Harmful contaminants, derived from such sources, enter the surface streams, settle in sediments,
dissolve gradually and enter the environment as hazardous substances over long periods of time
,Phelelani,2007.

As one of the most suitable in-situ / ex-situ physical /chemical treatment technologies, soil
washing has been successfully used for the treatment of soils contaminated with heavy metals,
hydrocarbons and semi-volatile organic compounds ,Peters, 1999. Soil washing usually employs
different extractants such as acids, bases, chelating agents, electrolytes, oxidizing agents and
surfactants ,Reddy, and Chinthamreddy, 2000. Soil washing is fast emerging technologies
that is used to treat/clean up contaminated soil with contaminants ranging from heavy metals to
hydrocarbons ,Shumba, 2008.

The techniques are to separate the metal from soil by using chelating agents such as , ethylene
diamminotetraacetic acid disodium salt Na,EDTA, which, can extract heavy metals from
contaminated soils with high efficiency. Strong inorganic acid ,also, can be used as washing
solutions in terms of reasonable cost and simple handling of the effluent solution. It is an
effective solvent due to high its removal efficiency in extraction of heavy metal, especially
hydrochloric acid (HCI) ,Isoyama,and Wada,2007.

Soil washing is a variable treatment alternative for metal contaminated sites chemical
extraction to enhance the efficiency of heavy metals extraction. Process parameters in soil
washing include the mode of extraction (batch or continueoud), extraction type and
concentration, pH, electrolyte concentration, liquid-to-solid ratio (L/S), retention time. The soil
related parameters are pH ,particle size distribution and mineral type of metal to be extracted and
their concentration, distribution and physicochemical forms in the soils, Tandy, et al .,2004.

2. MATERIALS
2.1 soll

Natural Iraqi soil samples were collected from depth not exceeded 20 cm below the ground
surface. These samples were cleaned, dried and well stored with an additional sieving onto 2mm
mesh to achieve satisfactory uniformity. Table 1 summaries the physicochemical properties of
the soil. The required tests for specifying the characteristics of soils are carried out at State
Company of Geological Survey and Mining/ Ministry of Industry and Minerals.
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2.2 Contaminants

To simulate the soil's lead , cadmium and nickel contamination, a solutions ofPb(NO3),
,Cd(NO3),.4H,0 , Ni(NO3),.6H,0, respectively (which are manufactured by Analar Company/made
in England) were prepared and added to the specimen to obtain representative concentration.Cd(NO3)
2.4H,0 has a molecular weight of 308.47 g/mole and atomic weight of cadmium ions is112.4g/mole.
For example, to prepare a soil sample with cadmium concentration of 500 mg/kg , 1.372 g of
Cd(NO3) 2.4H,0O dissolves in 500 ml of distilled water and added to 1 kg of dry soil.

2.3 Na,EDTA (CloH14N2N8.203.2H20)

Ethylenediaminetetraacetic acid disodium salt , is a very effective chelating agent. Its ability to
bind heavy metal ions can be used to sequester these trace metals, is very stable and can be
mixed with just about any phosphate containing fertilizer at basically any pH. It is very resistant
to microbial degradation; therefore it remains quite stable in soils. It is of interest that EDTA has
been used medically to promote removal of lead from the human body and also as an additive to
render floor polishes with zinc binders amenable to detergent washing,Joseph, et al.,
1997.Table 2 summaries the Na,EDTA characteristics used in the present study.

2.4 HCI

Hydrochloric acid is a clear, colorless, highly-pungentsolution of hydrogen chloride (HCI) in
water. It is a highly corrosive, strongmineral acid with many industrial uses. HCI is found
naturally in gastric acid. HCI is very effective in the removal of heavy metals and achieve high
removal efficiency in the case of natural pH with out neutralization to no loss the acidic property
that are of high importance for the movement of contaminant sand solubility and thus easily
extracted ,SRI, 2001.Table 3summaries the HCI characteristics used in the present study.

3. Experimental Procedure

Batch equilibrium tests are carried out to specify the best conditions of contact time, pH,
concentration of extractant and agitation speed. This means that these tests are suited to identify
the activity of the chemical extraction using Na,EDTA and HCI . Series of 250 ml flasks are
employed, each flask contained 2 g of soil and 20 ml of ( Na;EDTA or HCI) extractant with a
solid to liquid ratio (S/L) 1/10 , and contamination rate of 500 mg/kg .The Na,EDTA
concentrations were (0.001,0.005,0.01,0.05 and 0.1) M , and HCI concentrations were
(0.01,0.05, 0.1,0.5 and 1) M. pH values of the five HCI solutions were (2 ,1.7,1.44,1.16 and
1.08) respectively .The shaking of solutions were achieved by an orbital shaker(incubated
AAH23212K,model S1-600R ,Korea ) at a speed of 200 and 250 rpm at temperature ( 25+1°C)
at different contact time (1,2,3,4,5 and 6 hours) .

Then the solution is filtered using a whatman No 42 filter paper. The supernatant was
analyzed for heavy metal using atomic absorption spectrometry (AAS) (GBC, SensAA
(Australia)). All tests were performed in triplicateand the results were presented as average of the
duplicates extracts. Kinetic studies were investigated with different values of pH (4,7,10) for
Na,EDTA .

The removal of each contaminant can be calculated using the following Eq.(1), Reddy, and
Chinthamreddy, 2000. as :
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contaminant mass in superntant (C.Vy,)

Contaminant removal % = X 100% Q)

initial contaminant mass in soil (CsMg)
where:
C.: concentration of contaminant in supernatant (mg/L).
Cs: concentration of contaminant in soil (mg/kg).
V., :volume of supernatant ( L).
Ms : dry mass of the soil (kg).

4. Results and Discussion:

4.1 Effect of pH

Solution pH is an important factor determining the efficiency of extraction because it can
influence the soil retention of metals by extraction , Peters, 1999, and effect the capability of
extractant to extract the contaminants from soil through different mechanisms.

Fig. 1 shows theeffect of pH on removal efficiency. Highest removal efficiencies (88% for
Pb, 97% for Cd and 24% for Ni) were obtained at lower pH=4, because of protons (H") can
promote oxide dissolution, besides protons (H") can react with soil surface sites (layer silicate
minerals and /or surface functional group AI-OH, Fe-OH, and COOH groups) and enhance
extraction of metals cations ,which are transferred into washing fluid. Also the mobility of heavy
metals increased with the pH value of soil decreased. Hydroxo complexes tend to absorb protons
in acidic pH, as a result, the concentration of effective anion in soil surface decreased and the
ability of extracting heavy metals was weakened. However, further increase in pH values would
cause a decreasing in removal efficiency. This may be attributed to the formation of negative (Pb
, Cd and Ni) hydroxides Pb(OH),", Cd (OH), and Ni(OH),”, which are precipitated from the
solution making true extract studies impossible.
HCI solution concentrations of (0.01,0.05,0.1,0.5 and 1) M were used in the present study , pH
values of these concentrations are (2, 1.7, 1.44, 1.16 and 1.08 ) respectively. NaOH did not
added to neutralize the acid because this will reduce the acidic property or loss will
overshadow(OH) instead of (H) and thus will reduce the movement of metals in polluted soil,
which are necessary for the transfer of pollutants to the washing solution and therefore will
prevent or reduce extraction. This agrees previous studies in the use of HCI. Also at pH < 2 this
dissolution process replace ion exchange ,Kuo, et al.,2006.

4.2 Effect of Contact Time

Extraction time plays a very important role in soil washing. The percentages of removal of
(lead, cadmium and nickel) were determined using Na;EDTA and HCI solutions.  Heavy
metals were estimated at different contact times (1, 2, 3, 4, 5 and 6 hr) keeping the other
parameters (pH, extractant concentration, and agitation speed) fixed. Metal removal efficiency
by chemical extraction process depends on soil geochemistry (soil texture, cation exchange
capacity, organic matter, particle size, and large surface area of contaminated soils allow extract
of pollutants ). They were observed that the heavy metals removal increase as the contact time
increase and it remains constant after reaching the equilibrium ,Mohanty, and Mahindrakar,
2011. Because of a large amount of extractant became exhausted , the extraction rate is
controlled by the rate at which the extract is transported from the soil exterior to the interior sites
of the extractant, because buffering capacity for soil reaching equilibrium. However, further
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increase in contact time had no significant effect on heavy metals removal. Figs.2 and 3 show the
effect contact time on extraction (Pb, Cd and Ni) using Na,EDTA and HCI .
4.3 Effect of Extractant Concentration

Chelating agent modify metal concentration in soil solution by forming various soluble
complexes , thus enhance metal removal (Reddy andChinthamreddy,2000). Different
concentrations (0.001,0.005,0.01,0.05 and 0.1M ) of Na,EDTA were used in the present study.
The soil washing with Na,EDTA extractant was at pH=4. For the extraction of contaminated soil
using HCI extractant, different concentrations of HCI (0.01,0.05,0.1,0.5 and 1M) were used .
No pH adjustment was made in the experiments of soil extraction by HCI. The extraction of
heavy metals from contaminated soil using Na,EDTA and HCI was at solid/liquid ratio 1/10 and
shaking speed 200 rpm.

Removal of the three metals increased with increasing Na,EDTA and HCI concentrations and
this agree with result of Kirpichtchikova, et al., 2006. This may due to the soil’s properties,
such as metals distribution and physicochemical forms in the soil .

High concentrations achievedacidic ~mediumwhich isessentialforthemovement of
pollutantsand ease oftransmissionandexchangeofionswithwashingsolutions. Also this was
expected that the higher concentrations of extractant in soil, the greater availability of extraction.
The extraction were carried out using different dosage of extractants as shown in Figs.4 and 5.

4.4 Effect of Agitation Speed

Effect of agitation on removal efficiency is shown in Figs .6 and 7. These figures showed that
the removal efficiency decrease after 200 rpm speed. This may due to stick a part of the
contaminated soil on inside surface of volumetric flask neck during the operation of thermostatic
mixer which lowers the extraction of metals. Therefore, 200 rpm was taken as the best agitation
speed where maximum removal efficiency can be obtained .

4.5 Kinetic Models for Soil Washing

In order to examine the heavy metals extraction mechanism, kinetic data were fitted with four
mathematical models: first order, parabolic diffusion, two constant and elovich model. Min, et
al., 2008 presented the linear forms of these mathematical models as shown in Table 4 which
were applied for experimental data in the present study.

2.5.1 First order kinetic model
The first-order model is generally expressed as below Eq.(2) (Kue and Lotes, 1973 ):

Inge= Ingo-kat (2)

Where q; and qo are amount of contaminant desorbed (mg/kg) after time period of extraction , k;
is first order rate constant (s™).

2.5.2 Parabolic diffusion kinetic model
Khater and Zaghloul proposed parabolic diffusion kinetic model, which can be written as Eq.(3)

, Khater and Zaghloul, 2002.
dt=Clo +Kp t%° 3)

Where Kky= is diffusion rate constant (mg contaminant/ kg) 05
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2.5.3 Two-constant kinetic model
The two-constant model is generally expressed as below Eq.(4) , Dang et al.,1994 :

qe=at’ (4)

Where a= is initial contaminant desorption rate constant (mg contaminant/kg/s)b , b=1s
contaminant desorption rate coefficient (mg contaminant/kg)™

2.5.4 Elovich Kinetic Model
A widely used equation to describe the kinetics of chemical desorption is the Elovich Eq.(5)

,Polyzopoulos et al., 1986:

Where ag= is initial contaminant desorption rate (mg contaminant/kg/s), Bs=is contaminant
desorption constant (mg contaminant/kg)™

The kinetic constants of each model were obtained using Microsoft excel software. From
calculating the coefficient of determination (R?) of each model ,the best fit model can be found.
This fitting can be intercept by the higher coefficients of determination (R?) as shown in Tables
5and 6.
The parabolic diffusion model provided the best correlation {coefficient of determination (R?) }
with experimental data.
5. CONCLUSION
1- The batch result indicated that several factors such as extraction or equilibrium time, initial
pH of the solution, extractant concentration and agitation speed affect the extraction process. The
best values of these factors that will achieve the maximum removal efficiency of heavy metals
can be summarized as follow:
a-Using Na,EDTA as extractant, the best contact time was three hours for removing lead and
four hours for removing cadmium and nickel .
b- Using HCI as extractant, the best contact time was four hours for removing lead and
cadmium, and five hours for nickel.
c- The best pH value was 4 when using Na,EDTA .
d- Maximum removal percentage of lead, cadmium and nickel in batch extraction was
obtained at concentrations of 0.1 M Na;EDTA and 1 M HCI.
e- The agitation speed 200 rpm gave higher removal efficiencies compared with 250 rpm.

2- The removal efficiency of extraction increase with:
b- Increase time until reach equilibrium time.
c- Decrease pH solution.
d- Increase extractant concentration.
e- Decrease agitation speed to a certain limit.

3- The sequence of heavy metals removal was Cd >Pb>Ni.

4-The parabolic diffusion model provided the best correlation with experimental data.
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NOMENCLATURE

a= is initial contaminant desorption rate constant (mg contaminant/kg/s)”
b= is contaminant desorption rate coefficient (mg contaminant/kg)™

A= the intercept ; B: the slope

C_= concentration of contaminant in supernatant (mg/L).
Cs= concentration of contaminant in soil (mg/kg).

ky= is first order rate constant (s*)

ky= is diffusion rate constant (mg contaminant/ kg) °°

Ms = dry mass of the soil (kg).
g., o= are amount of contaminant desorbed (mg/kg) after time period of extraction
So = initial pollutant content in soil (concentration of contaminant in soil ) (mg/kg).
S=pollutant removal content at time (concentration of removal from soil
with time) (mg/kg).
t: contact time (hour).
V. :volume of supernatant ( L).
as= is initial contaminant desorption rate (mg contaminant/kg/s)

Bs=is contaminant desorption constant (mg contaminant/kg)™
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Table 1.Composition and properties soil used in the present study .

Property Soil
Particle size distribution (ASTM D 422)
Sand (%) 1.5
Silt (%) 63.5
Clay (%) 35
Cation Exchange Capacity (meq/100g) 12.5
Initial pH 8.3
Background concentration of cadmium (mg/kg) nill
Background concentration of nickel (mg/kg) 3.52
Background concentration of lead (mg/kg) 15
Organic matter (%) 0.49
Organic carbon (%) 0.16
Electrical conductivity EC (uS/cm) 593
Surface area (m?/g) 22.776
Bulk density (g/cm®) 1.1317
Porosity (n) 0.493
Specific weight 2.69
Soil classification silty
clay loam
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Table 2. Physical and chemical properties of Na,EDTA.

Property Value
Molecular weight 372.24 g/mole
Density 1.01 g/cm®
pH (5% solution) 4.3-4.7
Water — in soluble matter 0.003%
Chloride (CI) 0.004%
Nitrilotriacetate N(CH,COO); 0.05%
Sulphate (SOy) 0.02%
Calcium(Ca) 0.002%
Copper (Cu) 0.0001%
Iron (Fe) 0.0005%
Lead (Pb) 0.0005%
Magnesium (Mg) 0.001%
Potassium (K) 0.002%

Table 3. Physical and chemical properties of HCI.

Property Value
Molecular weight 36.46 g/mole
Minimum assay 35%
Specific density 1.19 g/cm®
Sulphate (SOy) 0.0005%
Sulfite (SO3) 0.001%
Free chlorine (Cl) 0.0001%
Heavy metals (as Pb) 0.0005%
Iron (Fe) 0.0002%
Arsenic (As) 0.0001%
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Table 4. The mathematical models applying to fit experimental data . Min, et al., 2008

Model Linear form
First -order In(Se-S) = A -Bt
Parabolic diffusion S=A+Bt!?
Two-constant InS = A + Bint
Elovich S=A+BlInt

where:

t: contact time (hour).

So : initial pollutant content in soil (concentration of contaminant in soil )
(mg/kQ).

S: pollutant removal content at time (concentration of removal from soil
with time) (mg/kg).

A: the intercept ; B: the slope.

Table 5.The coefficient of determination (R?) of kinetic models for single component system
using Na,EDTA.

Models Coefficient of determination (R?)
Pb Cd Ni
First -order 0.591 0.753 0.896
Parabolic diffusion 0.9286 0.8514 0.8946
Two-constant 0.6048 0.6544 0.7438
Elovich 0.4495 0.7758 0.7758

Table 6.The coefficient of determination (R?) of kinetic models for single component system

using HCI.
Models Coefficient of determination (R?)
Pb Cd Ni
First -order 0.078 0.821 0.333
Parabolic diffusion 0.7818 0.843 0.7646
Two-constant 0.0132 0.7758 0.7146
Elovich 0.0317 0.8523 0.7537
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Figure 1.Effect of pH on removal efficiency of (lead, cadmium and nickel) as a function of
contact time using Na,EDTA (Na;EDTA concentration = 0.1M ;speed =200 rpm) .
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Figure 2.Removal efficiency of (lead, cadmium and nickel) as a function of contact time using
Na,EDTA (pH =4; Na,EDTA concentration =0.1M; speed=200 rpm) .
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Figure 3.Removal efficiency of (lead, cadmium and nickel ) as a function of contact time using
HCI (pH =1.08; HCI concentration =1M;speed=200rpm) .
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Figure 4.Effect of Na,EDTA concentration on removal efficiency of (lead, cadmium and nickel)
as a function of contact time (pH =4; speed=200 rpm) .
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Figure 5.Effect of HCI concentration on removal efficiency of (lead, cadmium and nickel) asa
function of contact time (speed =200 rpm) .
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Figure 6.Effect of agitation speed on removal efficiency of (lead,cadmium and nickel ) as a
function of contact time using Na,EDTA (Na,EDTA concentration =0.1M; pH =4) .
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Figure 7.Effect of agitation speed on removal efficiency of (lead,cadmium and nickel ) as a
function of contact time using HCI (HCI concentration =1M; pH =1.08) .
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ABSTRACT

This study concerns a new type of heat exchangers, which is that of shell-and-double concentric tube
heat exchangers. The case studies include both design calculations and performance calculations.

The new heat exchanger design was conducted according to Kern method. The volumetric flow
rates were 3.6 m*h and 7.63 m%h for the hot oil and water respectively. The experimental parameters
studied were: temperature, flow rate of hot oil, flow rate of cold water and pressure drop.

A comparison was made for the theoretical and experimental results and it was found that the
percentage error for the hot oil outlet temperature was (- 1.6%). The percentage errors for the pressure
drop in the shell and in the concentric tubes were (17.2%) and (- 39%) respectively. For cold water
outlet temperature, the percentage error was (- 3.3%), while it was (18%) considering the pressure drop
in the annulus formed. The percentage error for the total power consumed was (-10.8%).

A theoretical comparison was made between the new design and the conventional heat exchanger
from the point of view of, length, mass, pressure drop and total power consumed.

Key Words: new heat exchanger, conventional heat exchanger, length of heat exchanger, mass of heat
exchanger, total power expenditure
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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).

These heat exchangers can be used in many specific applications such as air conditioning, waste heat
recovery, chemical processing, power production, distillation, food processing, etc.

The use of these new heat exchangers will enhance the heat exchange and will increase compactness. It
means the decrease of the cost and the weight of this type of heat exchanger.

The new heat exchangers are similar to the prior one; the differences are that the simple (or corrugated)
tubes with or without fines are now replaced by double concentric tubes. The outside diameter of the
envelope of the double concentric tube is the same order that tubes used in the shell and tube heat
exchangers.

Principally, the second tube (inner tube) improves heat transfer through an additional flow passage and
a larger heat transfer area per heat exchanger length unity.

Also, two new tube sheets are added to serve as flanges for attachment of the channels and their
respective channel covers and two distribute a fluid in inner tubes of double concentric tubes. The old
two tubes sheets are always used as flanges for attachment of the two channels and distribution of the
fluid passing in the annuals passage formed by the concentric tubes.

The typical shell-and-tube heat exchanger is not ideal in terms of its size. This contributes to an
increased cost of manufacturing and installation, and on top of that, consumes a lot of space.

In this new heat exchanger the application of two different streams is the main one. In this case,
the new heat exchanger is compact; it has a less exchanger length (volume) than a shell-and-tube heat
exchanger. The new heat transfer area is equal to the heat transfer area of shell-and tube heat
exchanger plus of inner tubes heat exchange area.

2. DESCRIPTION OF THE HEAT EXCHANGER

In shell and double concentric tubes heat exchanger as shown in Fig. 1, one sees the shell, the three
distributors, the three collectors and the channel covers with four tube sheets. The two fluids of same
temperature level enter by the first and the third distributor and goes out by the third and the first
collector, respectively. The fluid of different temperature level of two other fluids, pass by the
intermediate collector (or distributor).

First fluid (the same temperature level or the same nature as the third fluid) enters by the first
distributor and passes by the first tube sheet and goes out by the fourth tube sheet and the last collector.
Whereas second fluid penetrates into the heat exchanger by the second distributor and crosses the
passages of annulus shape formed with the inner tubes and the second tube sheet then it goes out the
heat exchanger by the third tube sheet and the last front collector. Third fluid enters the heat exchanger
by the third distributor and crosses the heat exchanger at outside of double envelopes (shell side) and
goes out the heat exchanger by the first collector in the same way as classic shell-and-tube heat
exchangers.

These shell-and-double concentric-tubes heat exchangers are conceived in a different ways, according
to present fluids. Tubes can be corrugated tubes with fins. Generally, fluid circulating towards the shell
can circulate in multi pass because of the baffles presence. It allows irrigating better all the tubes.
There are several types of baffles: segmental baffle, disc and doughnut baffle. Tubes can be arranged
in the bundle following a staggered or aligned arrangement. The two fluids of same nature or same
temperature level enter by the same heat exchanger side. The different fluid of the two other fluids
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flowing in the annulus section of the concentric tubes passes generally in the opposite direction of the
global circulation of the two other fluids.

3. THEORY OF DESIGN AND ANALYSIS

3.1 Design Consideration
In designing heat exchangers, a number of factors that need to be considered are:
1. Resistance to heat transfer should be minimized.

Contingencies should be anticipated via safety margins; for example, allowance for fouling

during operation.

The equipment should be sturdy.

Cost and material requirements should be kept low.

Corrosion should be avoided.

Pumping cost should be kept low.

Space required should be kept low.

Required weight should be kept low.

DeS|gn involves trade-off among factors not related to heat transfer. Meeting the objective of
minimized thermal resistance implies thin wall separating fluids. Thin walls may not be compatible
with sturdiness. Auxiliary steps may have to be taken, for instance, the use of support plates for tubing,
to realize sturdiness, Saunders, 1988.

The optimum thermal design of a shell and double concentric tubes heat exchanger involves the
consideration of many interacting design parameters which can be summarized as follows:

N

NG AW

Processes
1. Process fluid assignments to three streams shell side or inner tubes side and annulus side.
2. Selection of stream temperature specifications for three streams.
3. Setting shell side, inner tubes side and annulus side pressure drop design limits.
4. Setting shell side, inner tubes side and annulus side velocity limits.
5. Selection of heat transfer models and fouling coefficients for shell side, annulus side and inner
tubes side.
Mechanical
1. Selection of heat exchanger TEMA layout and number of passes.
2. Specification two types of tube parameters - size, layout, pitch and material for bundle of inner
tubes and bundle formed annulus passages.
3. Setting upper and lower design limits on inner tubes and annulus tubes length.
4. Specification of shell side parameters — materials, baffles cut, baffle spacing and clearances.
5. Setting upper and lower design limits on shell diameter baffle cut and baffles spacing, John,
1998.

3.2 Analysis of New Heat Exchanger
The analysis of heat new exchanger is simplified through a number of reasonable and realistic
assumptions:
1. Steady- flow.
2. Kinetic and potential energy changes are negligible.
3. The specific heat of a fluid (oil and water) is constant.
4. The axial heat conduction along the tube (inner tubes and annulus passages) is negligible.
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5. The outer surface of the heat exchanger is perfectly insulated.

Based on these assumptions, it can be shown through the first law of thermodynamics that the rate of
heat transfer from the hot fluid be equal to the rate of heat transfer to the cold one.

The transfer rate to the cold fluid:

g, =m.Cp AT, (1)
The transfer rate to the hot fluid:
g, =m,Cp,AT, 2

The heating and cooling loads of a heat exchanger under operating conditions can be calculated
from the above equations. The temperatures of the fluids in a heat exchanger are generally not constant
but vary from point to point as heat flows from the hotter to the colder fluid. Even for a constant
thermal resistance, the rate of heat flow will therefore vary along the path of the exchanger because its
value depends on the temperature difference between the hot and cold fluid in the test section,
Ramesh, et al., 2003. The evaluation of the logarithmic mean temperature difference (LMTD) for
counter and parallel flow streams, respectively by using Eq. (3):

AT, — ATy 3)

AT, difference between the hot and cold fluid streams at the inlet to the heat exchanger, while
AT, is the temperature difference at the outlet from the heat is the temperature exchanger.

It is convenient to use an average effective temperature difference (AT,,) for the entire heat
exchanger, defined by (Eq.1):

q=U AAT, (4)

The average temperature difference (ATm) can be taken as the same value of the logarithmic mean
temperature difference for one tube pass.  For more than one tube pass, the average temperature
difference (ATm) , can be calculated by multiplying the logarithmic mean temperature difference by the
temperature correction factor as Eq.(5), Coulson, and Richardson, 1998:

AT =(F)(LMTD) (5)

4. EXPERIMENTAL WORK
4.1 Manufacturing and Description

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 tubes of the conventional shell and tube heat exchanger were replaced with double concentric
tubes, to improve the heat transfer through an additional flow passage which gives larger heat transfer
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area. The shell and double concentric tube heat exchanger was designed to work with three streams of
fluids (two hot flows and a cold one H-C-H or the opposite C-H-C).

The shell and double concentric tube heat exchanger was designed for counter flow configuration, in
which the hot oil flows in the inner tubes and also in the shell in opposite direction to the cold water
which flows in the annulus section of the concentric tubes side. Thermometers and pressure gauges are
connected to the tubes and shell sections.

The heat exchanger constituted with:

4.2 Tubes and Tube Sheet

A circular plate of carbon steel with 10 mm thick was used as the tube sheet. Tube holes were
drilled with 6.25mm clearances in dimensions of the holes and hole pitches, with a tip of 45° cut in
each hole. Tubes were welded to the tube sheet.

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, and the tubes pitch is 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 above. Fig. 2 shows the concentric tubes.

4.3 Shell

Plate of carbon steel with 8 mm thickness was used to construct the shell. Six flanges were
welded, one in each of the ends of shell cylinder, one of them is to close the shell and the other flange
has two holes for inlet and outlet flows to the inner tubes. Four flanges were in the ends of both
bundles of the tubes, in each end two flanges. Shell had been drilled from points on top and bottom to
insert the nozzle. 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%.

4.4 System of Fluids

Two fluids are used to complete the cycle of the heat exchanges. The first one which passes
through the shell side and the inner tubes side is forty stock oil (lube oil) from Dorra Refinery. The
experimental working range of this oil is 120°C to 80°C.The other fluid is water. It passes in the
annulus section of the concentric tubes. The temperature range for the water is 20°C to 30°C.The flow
is accomplished counter currently.

4.5 Cooling Circulation Unit

Water was used as the cooling fluid for this unit .The circuit consisted of a pump of 3 HP to
circulate cold water, and to pump water to the annulus passages in the heat exchanger.
The cold water is supplied by a constant head tank of 250 liters capacity. Water is pumped from the
above mentioned tank through the test section.
The cooling water leaving the heat exchanger will flow to a vessel of 100 liters capacity as a container
to measure the temperature of outlet water and drainage to the sewage.

4.6 Heating Circulation Unit

Oil was used as the heating media for this unit, it consisted of a cubical tank equipped with an
immersed two electric heaters each of 3000 W to heat oil to the desired temperature and the two
heaters were equipped with a thermostat to adjust the oil temperature. The flow was measured using a
flow meter in the range of 70 I/min and the hot oil flow is controlled by gate valve.
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The hot oil is pumped by a single stage centrifugal pump from 250 liters capacity heating tank
through the test section and it returns back to the second heating tank.

4.7 Rig Construction

4.7.1 Construction

A lay out of experimental setup is shown in Fig. 3.All piping system used in this rig were supported
firmly and easily dismantled. Also supports were used to prevent piping from breakage due to
vibration and load. All piping was joined by using threaded joints. A gate valve was used as a bypass
valve for the heating and cooling circulation pumps .All pipes were cleaned before use to avoid fouling
problem. The test rig was closed circulated for hot media and open for cold media.

4.7.2 Measuring Instrumentation
Temperature, pressure and flow rate were measured in the piping system, using thermo couples,
pressure gauges and flow meters have been used as the main measuring instruments.
The parameters to be measured during the test are:
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.

4.7.3 Test Procedure

After completing checking steps, the test process begins by switching on the circuit breaker that
supplies power to the whole system.Then, switching on the individual switches of the two heaters will
transfer the electrical power to the heaters which will rise the temperature of oil in the reheater as
required to the desired temperature fixed by setting off the thermostat.This process takes 60 to 90
minutes depending upon the required temperature from the thermostat and the temperature of oil
before starting. After that, the hot oil pump will start and the gate valve that controls flow rate of hot
oil to in the inner tube side and in the shell side in the heat exchanger is opened.

On the cold water side, the cold water pump is switched, at the same time of the hot oil pumping
and the flow is set according to the required flow rate.
After reaching the steady state condition, flow rate is fixed in the annulus side cold water at 2.4 m®h
and at the required temperature of the hot oil set by the thermostat ,the hot oil temperature is regulated
and changed from 120°C to 80°C. On the hot oil side (inner tube side and shell side), flow rate of oil is
regulated and changed from 1.2, 1.5, 1.8, 2.1, 2.4, 2.7, 3.0, 3.3 and 3.6 m*/h.
Water temperatures are constantly measured during flow rate variation. The pressures are also
measured at the inlet and the outlet of the exchanger.
The procedure was repeated for flow rate of cold water in the annulus side as 2.4, 3.6, 4.8 m*/h with
fixed thermostat setting.
Tests were repeated after changing setting of the thermostat by 10°C step from temperature setting
level of 80°C up to 120°C. During each step of test flow rate of water is regulated and temperature and
pressure are taken. Analysis and comparison of readings results are carried out at different conditions.

5. RESULTS AND DISCUSSION
5.1 Comparison between the Results from Theoretical and Experimental Work for
New Heat Exchanger
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5.1.1 Exit Temperature of Hot Oil
The theoretical design for new heat exchanger represents that the exit temperature of hot oil is at
60°C. Table 1 shows the experimental results obtained from the tested new heat exchanger and it can
be seen from these results that the exit temperature of hot oil is 59°C.
The difference between the two temperatures is 1°C therefore, the experimental result is better
than the theoretical design and the error ratio from these results is about -1.6%.

5.1.2 Exit Temperature of Cold Water

The temperature of cold water theoretically designed in new heat exchanger is at 20°C inlet and at
30°C outlet as shown in Appendix. The experimental results in Table 1 represent that the exit
temperature of cold water is at 29°C.
The experimental result for the exit temperature of cold water is also close to the theoretical result and
the error ratio between these results is about -3.3%.

5.1.3 Pressure Drop in Shell Side

Calculations in Appendix shown the theoretically value of pressure drop for hot oil in shell side of a
new heat exchanger is 1.25 kPa. Experimentally the result of pressure drop in shell side is 1.51 kPa as
shown in Table 1. The error ratio between the two values is about 17.2%.

5.1.4 Pressure Drop in Inner Tubes Side

The theoretical design of new heat exchanger represents the value of pressure drop for hot oil in inner
tube side is 35 kPa as shown in Appendix, but the experimental result given in Table 1 shows a lower
value of pressure drop in inner tube side of 21.4 kPa and the error ratio between the values of pressure
drop is about -39%.

5.1.5 Pressure Drop in Annulus Side

The value of pressure drop for water in annulus passage is 9 kPa for theoretical design as shown in
Appendix. From Table 1 the pressure drop for water in annulus passage is 11 kPa for experimental
work.The error ratio for these results is about 18%.

5.1.6 Total power expenditure

From Calculations in Appendix the value of total power expenditure is 0.037 W for theoretically
designed heat exchanger and from the experimental result the value of total power expenditure is 0.033
W.It can be seen that the experimental result is better than theoretical result and the error ratio for these
results is about -10.8%.

5.2 Comparison between the New and Conventional Heat Exchangers
5.2.1 Length of heat exchanger

Table 2 represents the variation of the heat exchanger length with the volumetric flow rate of the
hot oil for the new and conventional heat exchanger. The results in this table were obtained from the
thermal design equations for the new and conventional heat exchangers.

Comparison between the lengths of two heat exchangers is presented in Fig. 4.1t can be seen that at a
flow rate of 3.6m3/h' the length of the conventional heat exchanger designed at 3.6m%h is higher about

63% than the length of the new heat exchanger.
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Using a very small wall thermal resistance (copper tubes), the length of the new heat exchanger is
L=1.03m and the percentage difference in the volumes of the two heat exchangers is about 70%.

Table 2 shows also that the length of shell and double concentric-tube heat exchanger is reduced still,
by increasing the hot oil volumetric flow rate. This length is smaller of about 75% in the case where
the two heat exchangers work with an industrial oil mass flow rate equal to 30m°/h.

5.2.2 Mass of heat exchanger

The mass of the new heat exchanger falls to about 46% regarding the shell-and-tube heat
exchanger for the volumetric flow rate 3.6m%h and 6/10mm inside /outside diameter for the inner
tubes. Table 3 shows the differences in the mass between the two heat exchangers. The results in this
table were obtained from the thermal design equations for the new and conventional heat exchangers.
This is earning decreases with the increase of inner tubes diameter and reaches 20 to 30%, and
increases with increasing the length of heat exchanger and reaches to 89% in case where the two heat
exchanger work with 30m*/h volumetric flow rates of hot oil.
Fig.5; represents comparison between the masses of the two heat exchangers. The mass of new heat
exchanger is always lower than the conventional heat exchanger in all volumetric flow rates of hot oil.

5.2.3 Pressure drop in heat exchanger

Fig. 6 shows the relation between the shell side pressure drop and volumetric flow rate of hot oil
for new heat exchanger and conventional heat exchanger. The trend of this figure shows that increasing
the hot oil flow rate causes an increase in its pressure drop component in two heat exchangers, but the
pressure drop in the shell of the new heat exchanger is almost-still and falls about 85% with regard to
that of shell-and-tube heat exchanger, as shown in Table 4.
The results in this table were obtained from the hydraulic design equations for the new and
conventional heat exchangers.

5.2.4 Total power expenditure

Fig .7 shows the variation of the total power expenditure with volumetric flow rate of hot oil in the
new heat exchanger.
The total power expenditure is negligible in new heat exchanger. The total friction power expenditure
increases with the mass flow rate of the hot oil. The total power in the heat stream is minimal for the
inner tube diameter 6/10 mm and do not exceed 0.037W of the heat exchanged by the hot oil mass
flow rate designed 3.6m%h and reached to 7 W for 20m*/h.

6. CONCLUSION

1- The new heat exchanger is characterized with the heat transfer between three fluids, with its
compactness and can be widened to the cross flow heat exchangers (simple-flow, parallel-flow
and counter flow).

2- Optimizing a shell-and-double concentric tube heat exchanger lengthwise provides a
considerable amount of savings in space and material when compared with a shell and tube
heat exchanger with the same outer tube diameter of the double concentric-tubes and the shell
diameter.

3- The length and mass of new heat exchanger are strongly dependent upon the diameters of tubes
especially the inner tubes.

4- 1t is demonstrated that the relative diameter sizes of two tubes with respect to each other are the
most important parameters that influence the new heat exchanger size.
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5-

6-

The pressure drop in shell side of the new heat exchanger is lower than in the conventional heat
exchanger.

The total power expenditure increases with increasing the flow rate of hot oil and its value in
the new heat exchanger is very small and considered negligible.
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NOMENCLATURE

A, - cross sectional area of the tube, m?
as -cross flow area at the shell, m?

B =baffle spacing, m

Cp =specific heat, J/(kg K)

D = diameter, m

Dc= equivalent diameter on the shell-side, m
D; = shell inside diameter, m

d =inner tube diameter, m

dns = hydraulic diameter of the shell, m
dn =hydraulic diameter of the annulus, m
F =corrective factor

f =friction factor

G =shell side mass velocity, kg/ m?.s

h =heat transfer coefficient, W/ m?.K

k =thermal conductivity, W/ m K

U =overall heat transfer coefficient, W/ m.K
L =length of tube, m

M =mass, kg

m =mass flow rate, kg/s

Np =number of baffles

Nt =total number of tubes

Ntp =number of tubes per pass

p =tube pitch, m

P =total power expenditure, W

Ap =pressure drop, Pa

Q =volumetric flow rate, m*h

g =heat transfer rate, W

R =dimensionless temperature ratio

S =dimensionless temperature ratio

Sa =exchange surface, m?

T =temperature, °C

LMTD = log-mean temperature difference, °C
u =fluid velocity, m/s

GREEK SYMBOLS

o) Thickness, m

VI Dynamic viscosity, Pa s
p Density, kg/m®

71



Number 2 Volume 21 February 2015 Journal of Engineering

DIMENSIONLESS NUMBERS

Nu Nusselt number: Nu = h d/k
Pr Prandtl number: Pr = p Cp/k
Re Reynolds number: Re=pud/

SUBSCRIPTS

1 Hot oil (shell side), outer
2 Water, inner

3 Hot oil (inner tube)

12 Shell and annulus

23 Annulus and inner tube

S Shell

h Hydraulic

i Inlet

io Hot oil

0 Outlet

st Shell-and-tube heat exchanger
sdct  Shell-and-double concentric-tube heat exchanger
w wall

Table 1. At 110°C inlet temperature of oil, 80 1I/min flow rate of cold water and 20°C inlet temperature
of cold water.

Flowof | Temp | Tempof | P; of oil | P, of oil | Pjoil of P, oil of | P; water | P, water
oil inlet of oil water shell shell inner inner Annulus | Annulus
(I/min) outlet outlet (kPa) (kPa) tube tube (kPa) (kPa)
(°C) (°C) (kPa) (kPa)
60 59 29 52 50.49 50.3 28.9 83 72
55 57 28 49.3 48.13 455 27.5 83 72
50 55 27 46 45.11 40.7 26.6 83 72
45 53 26 42 44.32 36.6 25 83 72
40 51 26 37.2 36.68 33.1 24.1 83 72
35 50 25.5 32 31.62 28.25 21.35 83 72
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30 49 25 26.5 26.21 25.2 19.7 83 72
25 47 24 21.8 21.59 20.3 16.2 83 72
20 45 23.5 17 16.83 15.2 12.4 83 72

Table 2. Length of heat exchanger values.

Volumetric flow rate

Length of new heat

Length of conventional

(m*/h) of hot oil exchanger (m) heat exchanger (m)
2 0.88 1.37
3.6 1.08 1.76
4 1.18 1.86
6 1.33 2.16
8 1.46 2.43
10 1.62 2.71
20 2.12 3.68
30 2.53 4.47
40 2.96 5.08
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Table 3. The masses of the two heat exchangers.

Length of Mass of Length of new Mass of new heat
Volumetric | conventional heat | conventional heat | heat exchanger (m) | exchanger (kg)
flow rate exchanger (m) exchanger (kg)
(m®/h) of
hot oil
2 1.37 81 0.88 52
3.6 1.76 934 1.08 63.9
4 1.86 100 1.18 69.8
6 2.16 128 1.33 78.7
8 2.43 144 1.46 86
10 2.71 160 1.62 95
20 3.68 218 2.12 125
30 4.47 265 2.53 140
40 5.08 301 2.96 175

Table 4. The pressure drop in shell side for the two heat exchangers.

Volumetric flow rate | Pressure drop in shell | Pressure drop in shell in
(m*/h) of hot oil in new H.E (kPa) conventional H.E (kPa)
2 0.3 1.6
3.6 1.25 7.2
4 15 9.5
6 3.2 19.2
8 6.4 37.2
10 10.5 61.3
20 47.5 287
30 117.3 703
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Figure 1. Perspective view and longitudinal section of the shell-and-double concentric-tube.

Figure 2. The concentric tubes. Figure 3. All components of test rig.

75



Mass of heat Exchanger (kg)

Length of Heat Exchanger (m)

L I R I I I S S 3.
T T

o
o
T

o

-A—A- length of conventional heat exchanger
-0—6- length of new heat exchanger

o

4 8 12 16 20 24 28 32 36 40 4 48
Flow Rate of Qil (m%h)

Figure 4. Length variation of the two heat
exchangers with volumetric flow rate for

360

320

280

240

200

160

120

80

40

hot oil.

-@—®- nass of conventional heat exchanger
-#—#- mass of new heat exchanger

05 1 15 2 25 3 35 4 45 5
Length of Heat Exchanger (m)

55

Figure 5. Variation the masses of the two heat

exchangers with its length.

Number 2 Volume 21 February 2015

76

Journal of Engineering

1
800~ [-o—o- pressure drop in new heat exchanger
I | A& pressure drop in conventional heat exchanger

700 -

600 [~

500

400

300

200

100 |-

Pressure Drop in Shell Side (kPa)

L PN AT AT (N AN ANV NN NN AN NI SR |
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36
Volumetric Flow Rate of Oil (m3h)

Figure 6. Variation of the shell side
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APPENDIX
SAMPLE OF CALCULATIONS

Conventional Heat Exchanger

The heat exchanger serves for cooling a flow of oil (forty stock) Q, =3.6m*/h of T,=110°C to
T, =60°C with water flowing in the tubes of T,,=20°C toT,, =30°C .The thermo physical
properties of the oil for an average temperature of 85°C are as follows: p =822kg/m®,
Cp, =2135J /kgk, K, =0.1299W /mk and ;, = 3.97 x10~ pa.s, Nelson, 1958.

The thermo physical properties of water for an average temperature of 25°C are as follows:
0, =1000kg/m*, Cp, =4180J /kgk K, =0.607W /mk and ., =8.9x10*pas. Perry, and Green,
1997.

The heat exchanger is constituted of a bundle of N, =16 steel tubes of thermal conductivity

K, =50W /mk, of diameters inside/outside (D2/D1) of 20/25 mm, in the normal triangular pitch

p = 31.25 mm.
The heat exchanger has two passes. The shell has a diameter D,=203mm and
possesses baffles of thickness & =6mm spaced by a distance B = 60 mm. The free

section left with baffles is of 25%.
To determine the tubes length:
Mass flow rate m; of the hot oil is:

_ 3.6x822
! 3600

—0.822Kg/s (6)

The exchanged heat flux is:
q=m,Cp,(T, - T, )=87748.5W (7
Mass flow rate m, of the water is:

q

m,=—+ =210Kg/s (8)
’ Cp, (TOZ—TiZ)

Volumetric flow rate of water is:

For counter flows the logarithmic mean temperature difference from Eq. (3) as:
(110-30)-(60-20) _

@0-30) " 57.7°C
(60— 20)

LMTD =

The values of temperature ratio are:
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R _ (110—-60)

~ (30—20) > (10)
_ ((131%;_22%)) —0.11

The corrective factor F of the logarithmic mean temperature difference, corresponding
to the calculated values of R and S and from, Kern, 1999 is:

F =0.98
The cross sectional area of the tube is, Binay, 2009:

_au

A== x(0.02)" =3.14x10™*m*

(11)

The velocity of the water in tubes is:

u, = 210 — =0.835m/s
1000x8x3.14x10 (12)

The calculation of the Reynolds number and the Prandtl number:

~1000x0.835x0.02

gox10¢ - Lo7od

Re,

and
89 x107* x 4180
0.607

Pr, =6.13

By using the Colburn Equation, the Nusselt number is:
Nu, =0.023(18764)"°(6.13)** =109.7 (14)

The heat transfer coefficient from Equation below is:

h, = 22 TXO007_ 5399 4w 1
0.02 (15)

The shell equivalent diameter for triangular pitch is, Ray Sinnot, and Gavin Towler, 2009:

D, =0.0176m

The bundle cross flow area is:

78



Number 2 Volume 21 February 2015 Journal of Engineering

~ 0.203x0.06 % 0.00625

. ——— =0.0024m’
31.25x10 (16)
The shell side mass flow rate is calculated from Equation as:
G, = 0.835 _ 347.9kg/m?.s
0.0024 7)
The heat transfer coefficient in shell side is calculated as:
h, =992.2W / m?k
(18)
The overall heat transfer coefficient is, Binay, 2009:
U= L =874.12W / m?k
S 002 002,005 1
0.025x992.2 2x50 002 3329.4 (19)
The surface area of the heat exchanger is:
A=1.77m? (20)
The length of the heat exchanger is calculated:
L=1.76m (19)
The mass of conventional heat exchanger is, Bougriou, and Baadache, 2010:
M, =93.4kg (20)

4.2 The New Heat Exchanger

The same data of the conventional heat exchanger are used. In this case, one adds concentrically in
each tube of diameters (D,/D;) of 20/25 mm a tube of diameters (d./d;) of 6/10 mm.

Inner Tubes Side Calculation

The inner flow cross sectional area of the inner tubes is calculated as:

3.14 2 2
=="7(0.006)* = 0.000028m
Ay ==~ (0.006) 22)
The mass flow rate of oil circulating inside the inner tubes is:
m, =0.822Kg/s (23)

The velocity of oil inside inner tubes is:
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Inner Tubes Side Nusselt Number and Heat Transfer Coefficient
By using the Colburn Equation, the Nusselt number is, Hewitt, G.F., et al 1994:

Nu, =0.023(27702.7)*%(6.52)"*° =153 (25)

The heat transfer coefficient is:

h, = 123%01299 4315 450 1m2k
° 0.006 (26)

Shell Side Calculation
The shell side mass flow rate is calculated from Eq.(17) as:

G, = 0411 =171.25kg/m?.s
0.0024

Shell Side Heat Transfer Coefficient

The heat transfer coefficient is:

h, = 220129 _ 671 Gaw 1 mek

' 0.0176 (27)
Annulus Side Calculation

The flow cross sectional area of the annulus passages is calculated from equation below:

A, = 3"414((0.02)2 (000 )=2.35x10"*n’

(28)
The velocity of water in annulus flow passages is:
"2~ 1000~ 22;2104 g M @
The equivalent diameter of the annulus is calculated as, Emad, 2005:
d, =0.02—-0.01=0.01m (30)
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Annulus Side Nusselt Number and Heat Transfer Coefficient

By using the Colburn equation, the Nusselt number is, Chapman, 1984:

Nu, = 0.023(12550)°(6.13)*** = 79.5 (31)

The heat transfer coefficient is:

- 19:50%9807 _ 4825 65w /m2 k

h2
0.01 (32)

Overall Heat Transfer Coefficient

Overall heat transfer coefficient (Ui2) between (the fluid in the shell side and fluid in the annulus
passage) is calculated as:

1
0020 082, 005 1
0.025x67L64 2x50 002 482565 (33)

U,= = 744N [k

Overall heat transfer coefficient (U,3) between (the fluid in the annulus passage and the fluid in the
inner tube side) is calculated as:

1
0.006 . 0.006 In 0.01 . 1
0.01x4825.65 2x50 0.006 3312.45

=2222.2W [ m’k

U23 =

Length of the Heat Exchanger &
The double concentric tubes length in the shell is calculated as:
L=1.08m (35)
Inner Tubes Side Pressure Drop Calculation
The inner tube side pressure drop is calculated as, Shliinder, E., 1989:
AP, = [4>< 0.024x 1692562 +4x 2] 822x (22'23)2 = 35kPa )

Shell Side Pressure Drop Calculations

The hydraulic diameter of the shell is calculated as, Bougriou, and Baadache, 2010:
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_3\2
d,. = 0025 4631251071 4| _ 5 1gm2
314 0025

The pressure drop is calculated as:

~ 0.32x(171.25)° (18 +1)x 0.203
- 2x822x0.018

AP, =1.25kPa

Annulus Side Pressure Drop Calculation

The annulus side pressure drop is calculated as:

1.08x2 ]1000 x(L117)° _

AP, = [4>< 0.029x +4x2 9kPa
0.01

The Total Power Expenditure

Journal of Engineering

The total power expenditure of the new heat exchanger is, Garci“a-Valladares, 2004:

~0.411x1.25 2.10x9 0.411x35

+ + =0.037W
822 1000 822

P

The Mass of Heat Exchanger

The mass of shell and double concentric tubes heat exchanger is:

M., = 63.9kg
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ABSTRACT

Today, there are large amounts of geospatial data available on the web such as Google Map

(GM), OpenStreetMap (OSM), Flickr service, Wikimapia and others. All of these services called
open source geospatial data. Geospatial data from different sources often has variable accuracy
due to different data collection methods; therefore data accuracy may not meet the user
requirement in varying organization. This paper aims to develop a tool to assess the quality of
GM data by comparing it with formal data such as spatial data from Mayoralty of Baghdad
(MB). This tool developed by Visual Basic language, and validated on two different study areas
in Baghdad / Iraq (Al-Karada and Al- Kadhumiyah). The positional accuracy was assessed by
adopting National Standard for Spatial Data Accuracy (NSSDA). The evaluation procedure also
involved one and two-sample t-test to analyze and compare the accuracy of two study areas. The
findings found that the NSSDA accuracy of case study one was 15.48 m, while it was 8.71 m for
case study two. This indicated that the accuracy of the GM data is different from site to site. The
results also showed that the difference on mean was 6.16 m, which indicated that there is a
difference in GM accuracy in different areas. It was concluded that the GM data is inappropriate
for engineering applications that require high accuracy, but may be appropriate for applications
that need low accuracy such as the primarily surveying of engineering design projects, tourism
and reconnaissance....etc.

Key words: data quality, positional accuracy, VGI, formal data, Google Map Maker.
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1. INTRODUCTION

Recent development of geospatial data collection technologies and the growth of the
World Wide Web (WWW) (e.g. web 2.0) for different applications have led to a massive
increase in the amount of geospatial data on the Internet, Cartwright, 2008. The evolution of the
Web 2.0 service enables users to produce and share, download, embed and add information from
different online data sources. In literature, different definitions have been suggested to describe
data on web. For instance, One of the first people to define geospatial data on web was
Goodchild, 2007, who proposed Volunteered Geographic Information (VGI) to identify spatial
data which is collected and distributed on Internet. Turner, 2006, defined this technology as
‘Neogeography’ which consists of a set of techniques and tools that fall outside the realm of
traditional Geographic Information Systems GIS. The term ‘Neogeography’ was also used by
Flanagin and Metzger, 2008, to refer to non-traditional GIS techniques that produce geography
data without geographers. Howe, 2006, used the term ‘crowdsourcing’ to define geospatial data
on web. Although crowdsourcing not specifically referring to geographical data. This definition
is close to those of Antoniou, et al., 2010, used the term ‘User-Generated Content” (UGC) to
refer to various types of media content which are publicly produced available on web. The
general idea of different descriptions of data on Internet was on how to use the Internet to create,
share, and analyze geographic information via multiple computing devices/platforms (traditional
desktops, iPads, or smart phones), Haklay, et al., 2008.
Today there are a wide range of geospatial data sources available on the Internet such as the
Google Map service, the OpenStreetMap (OSM) project, the Flickr service, the interactive
Wikimapia website, Yahoo imagery and others. Web mapping have continuously evolved with
the time and all of these services have been called Collaborative Maps. All of this new
information is open source geospatial data; therefore it is a legitimate topic for accuracy
assessment. Accuracy assessment is a problem for information in general and geographical
information in particular. Hence, it becomes a major issue with increased available data on the
web. In this research Google Map data has been chosen in order to evaluate its positional
accuracy for engineering applications. Different techniques and procedures were followed and
applied to evaluate GM quality as will be illustrated in the following sections.
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2. PREVIOUS RESEARCH ON VGI DATA QUALITY ASSESSMENT

In order to assess the quality of open source data to determine the appropriate usage for
such geographical Information System (GIS) processing, it is necessary to identify different
elements of spatial data quality, Delavar, and Devillers, 2010. These elements include:
positional accuracy, attribute accuracy, temporal accuracy, logical consistency and completeness.
In addition, there are other three elements of non-quantitative quality: purpose, usage, and
lineage, as shown in Fig 1. Recently, with increasing geospatial data on the Internet, several
researches have shown an increased interest in assessing the quality of open source data. For
example, Haklay, 2010, examined positional and completeness accuracy of VGI data by
comparing OSM data with Ordnance Survey (OS) reference dataset in London /UK. The
buffering technique was adopted to assess the positional accuracy and the results indicated that
there is a slight difference between OSM and OS datasets, while the completeness analysis
indicated that there are omission and commission in OSM dataset.
Ather, 2009, assessed positional accuracy of OSM data. The analysis was performed by
comparing the motorways data of OSM project with those formal OS Master Map Integrated
Transport Network (ITN) layer. The methodology was essentially based on buffer analysis
datasets. The results of this study found that the positional accuracy of OSM data is close to OS
Master Map dataset. Further quality tests were also conducted in terms of the number of users
per area and road name attribute completeness. Also it showed a positive correlation between
road name attribute completeness and number of users per area. Another study on VGI data
quality assessment was carried out by Kounadi, 2009, evaluated OSM data in Athens, Greece.
The quality analysis was achieved on positional accuracy, the completeness and thematic
accuracy of OSM road Network. The OSM data was compared with the Hellenic Military
Geographical Service (HMGS) data which is the official cartographic service in Greece. The
results found that the positional accuracy of OSM data is accepted when compared to HMGS
data.
Analysis of VGI data quality was also achieved by Ciepluch, et al., 2010. The comparison was
among data from GM, OSM, and Bing Maps (BM) in Ireland. Towns were chosen for these
comparisons for five case studies. The accuracy was evaluated under three main headings:
completeness, currency of the spatial information and ground-truth positional accuracy. The
results found that the OSM project has shown many positive and negative characteristics in
terms of providing a comprehensive mapping resource in Ireland. On the other hand, deduces
that the OSM and GM projects provide the update and current road configuration, Unlike BM
which estimate the data in more than one year old. In another major study, Zielstra, and Zipf,
2010, investigated the completeness of OSM data in Germany by comparing it with the
TeleAtlas data. This work extended the studies from England by Haklay, 2010 and Ather, 2009.
The results showed that the geospatial data has been continues growth to freely available
compared to open source spatial data in the past few years. Furthermore, the results indicated
that there is still a very strong heterogeneity of OSM data in a terms of completeness .The tests
showed that the larger cities is more complete than the medium —sized cities which can be
indicate that the people of large cities is more interested on VGI.
Hochmair, and Zielstra, 2012, used other examples of open source data which facilitate the
sharing of VGI in form of geotagged images. This measurement was conducted of 211 Flicker
and Panoramio images distributed throughout six urban areas in Germany by comparing the
geotagged position of photos to the position from where the photos were most likely taken. The
results revealed that the Flickr provided less accurate position information than Panoramio
image. In a study which set out to determine VGI data quality, Jackson, et al., 2013, tested VGI
quality in North America. The focus was on completeness and spatial error of linear feature such
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as roads and walkways and point features. They used three data sources: Federal government
Oak Ridge National Laboratory (ORNL) as a reference data source, OSM data, and Open Street
Map Collaborative Project (OSMCP) which is product of Unite State Geological Survey
(USGS). The finding showed that the automated matching methods of OSMCP data with
reference data source were more accurate than OSM data with ORNL datasets. While manual
matching of OSM data with ORNL datasets were more accurate than OSMCP data with ORNL
datasets .The main reason for that is due to the collection methods. The OSM data do not include
the quality control processes, unlike the collection methods for OSMCP undergoes to
government control.

Most of these researches focused on assessing the quality of OSM project. Therefore, the current
study has chosen Google Map data, as another source for open data on a web, to study and
analyze its quality such as positional accuracy measurement.

3. THE PROPERTIES OF GOOGLE MAP DATA

Google Map (GM) is a project designed to create and provide spatial data on Internet for
free (non-commercial usage). It includes many map-based services such as the Google maps
website, Google Transit (GT), Google Ride Finder (GRF), and maps embedded of the three
websites types via the Google Maps API, Books, and Wikipedia, 2010. For some countries
around the world, online spatial data is unavailable therefore Google has decided to open up
Google Maps data through Google Map Maker (GMM) service. Google Map Maker is a Google
Maps service that allows user to add or edit features, such as (roads, Points of Interest (also
called POlIs such as restaurants, banks, hotels, etc.) and polygons). Google Map Maker is a
service launched by Google in June 2008, as a way to support the improvement of existing
Google map data through the expert knowledge of local citizens. It's also a proprietary project;
the GMM data can be downloaded for only 216 countries, Google Map Maker, 2013, as
presented in Fig. 2.
When seeing the dynamic nature of Google Maps, one might think there is something magical
going on under of dynamic nature. However, there’s really nothing magical about it, it's just
Hyper Text Markup Language (HTML), Cascading Style Sheets (CSS), and JavaScript working
together. Google Maps presented new concept in sense of content and interactivity, which is
beginning in 2005. The concept is based on the AJAX (asynchronous JavaScript and XML)
which implies possibility of adding additional information on map by using a free access of
programming code called Application Programming Interface (API), Svennerberg, and
Drimmie, 2010. An APl is a set of programming instructions and standards for accessing a Web-
based software application or Web tool. API is available for use by programmers in form of
coding in some of scripting programming languages, such as PHP, ASP.NET, or ColdFusion.
The API sends information about the new coordinates and zoom levels of the map in Ajax calls
that return new images, Garrett, 2005. Google Map helps people to navigate map information.
The GM interface is simple, intuitive, and easy to use. It consists of several user controls for
managing or monitoring the map, such as zoom control, scale, and gets point—to—point driving
directions, Kanduri, 2012.
Google Map data depends on Universal Transfer Marketer Projection (UTM). When the earth is
perfectly spherical, the projection would be the same as the Mercator. Google Maps uses the
formula for the spherical Mercator, but cannot show the poles. Unlike Google Earth (GE)
coordinates system have 3D, the GM coordinates system have only 2D, Books, and Wikipedia,
2010. The coordinates system used in GM is the Word Geodetic System 84 (WGS84), which is
the same system of the Global Positioning System (GPS).The coordinates are expressed using
latitude and longitude. Gibson, and Erle, 2006 mentioned that the property of Mercator
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Projection (MP) of GM. It treats all lines of latitude as being perpendicular to all lines of
longitude, and the MP conserves angles across local areas on the map, which is making it
suitable for guiding navigation. Indeed this is one major reason of the Mercator projection
continues to be used after 300 year, on the despite its tendency to distort the areas around the
poles.

4. SITES OF THE STUDY

In this study two different study areas were chosen located in Al-Karada-Baghdad/Iraq
and Al- Kadhumiyah-Baghdad/Iraq, as shown in Fig. 3 (a and b). The main reason for this
choice was to compare the positional accuracy of GM data in two different areas. In order to
assess the positional accuracy, the preparation of the datasets was included selecting a well-
defined points in tested datasets such as road intersection, building corners...etc. The selected
points have the same coordinate systems and same projections in both tested and reference
datasets. The number of tested points and area of two case studies are shown in Table 1.
Geospatial dataset for two study areas were obtained from Mayoralty of Baghdad (MB),
department of Geographic Information System (GIS) and Google Map (GM). The dataset were
shapefiles and included several layers such as parcels, main road networks, street road networks,
municipality boundaries, private and public buildings. The points were extracted for the edge of
parcels and centerlines of the roads which provided into two datasets as can be seen from Table
1.

5. STATISTICAL METHOD FOR EVALUATING POSITIONAL DISCRIPENCY

One of the major concerns of geospatial data is accuracy. Positional accuracy of data may be far
more important from other elements of quality to give users the position correctly. Accuracy can
be grouped into two main categories: qualitative and quantitative. Also positional accuracy can
be divided into two types: horizontal and vertical accuracy of a map or geospatial datasets,
Congalton, and Green, 2009. Many organizations have established standards in a variety of
ways as national or international standards. It can be used for the positional accuracy assessment,
Taupier, et al., 1999. Most standards were designed in order to describe GIS data quality. The
Spatial Data Transfer Standard (SDTS) from the American National Standards Institute (ANSI),
for example, was approved in 1998 and considered five aspects of Geographic Information (GI)
quality: lineage, positional accuracy, attribute accuracy, logical consistency and completeness.
National Map Accuracy Standards (NMAS) was revised in 1947 in order to set standards of
planimetric accuracy for paper maps, Accuracy Standards of Large Scale Maps, the Engineering
Map Accuracy Standard (EMAS), Congalton, and Green, 2009. These standards were helpful
but not specifically designed for digital geospatial data. Therefore, a more comprehensive
standard was needed, due to the fact that geospatial data can be easily manipulated formats
output, and reproduced at varying scales. In 1998, a committee of the Federal Geographic Data
Committee (FGDC) developed and formed the National Standard for Spatial Data Accuracy
(NSSDA). This standard enabled users to test and analyze positional accuracy of digital datasets,
with respect to ground geospatial data of higher accuracy.

The NSSDA presents guidelines for the distribution of tested points. It assumed that the area to
be evaluated is a rectangle. The tested area is divided into four quadrants and a diagonal is to be
established across the area. Tested points should be spaced at interval of at least 10 percent of the
diagonal. At least 20 percent of tested points are to be located in each quadrant. In addition, the
minimum number of tested points should be no less than 20 well-defined points in order to
evaluate the accuracy of the datasets. The NSSDA is index of relative horizontal accuracy which
is tested at the 95% confidence interval, and it can be calculated as shown in Egs. (1) and (2):
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RMSEp = \|XT(Eq — E)? /n, RMSEy = /Y}(Ng—No)?/n (1)
RMSE = J(XL,(SE)? + (BN)?) /n (2)
n : The number of tested points,

E; Ny : The coordinates of formal dataset,

E., N, : The coordinates of tested dataset, and

8EZ;,8N?; : The differences in easting and northing for i**check points, between formal and
tested datasets.

The NSSDN accuracy can be computed for two cases as shown in Egs. (3) and (4):

If RMSE; = RMSE,, then

RMSE, = \/2(RMSEg)? = \/2(RMSEy)? , = 1.7308 » RMSE (3)
If RMSEx # RMSEy , then
NSSDA Accuracy = 2.4477 * 0.5 * (RMSE; + RMSEy ) 4)

In this research, tests were undertaken applying the NSSDA methodology to examine and
analyze the relative positional discrepancies of tested points in both study areas. FigS. 4 and 5
show the distribution of tested points according to NSSDA methods.

6. PROGRAM DESIGN FOR IMPLEMENTING RESEARCH METHODOLOGY

A visual tool interface or graphical user interface (GUI), by using Visual Basic
Language, was implemented and designed to assess the quality of Google Map (GM) data. The
intention was to create a user-friendly interface incorporating quantitative and visual analysis of
GM dataset. The workflow of the designed program is illustrated in Fig. 6. By using designed
interface, there are three main steps to determine and analyze positional accuracy, as shown in
Fig. 7. First, data can be imported as a text file (.txt) for the coordinates of tested points. Second,
the comparison and analysis of tested datasets will start by applying the methodology of this
research. Third, output results (graphs and quantities values) can be exported and saved as a
report.
After loading coordinates data, one can select positional accuracy assessment option from the
main program interface. A window will appear to assess the positional accuracy of case study
one, as illustrated in Fig. 8. This window has many options: Back, Run, Next, Export output, and
Diagrams. These options can be used based on the needs of users. From Fig. 8, one can notice
that the positional descriptive statistics are reported numerically, also box plot to represent t-
distribution of different in easting, northing, and Euclidian distance of tested points. In addition,
remarks to accept or reject the outcomes of case study one. Similarly, Fig. 9 shows interface for
evaluating the positional accuracy of case study two.
In this research, two-sample t-test was also adopted to compare the mean of the accuracy of GM
data in two sites, as presented in Fig. 10.
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7. POSITIONAL ERROR CHARACTERIZATION

The examination of positional error was conducted in a number of ways to determine the
quality of Google Map (GM) data. Firstly, basic descriptive statistics were determined including
mean, median, minimum, maximum, standard deviation, variance, and inter-quartile range.
Secondly, statistical significance was analyzed using one-sample t-tests to investigate the
relationship between GM data and Mayoralty of Baghdad (MB) data. In addition, a comparison
between the two study areas was undertaken by applying two-sample t-test. Thirdly, boxes plot
were created to interpret the outcomes.
Table 2 provides a comparison of the descriptive statistics of the differences in Easting and
Northing (E, N) of case study one (Al-Karada-Baghdad). The mean errors of the sample were
(1.016.-9.851) of differences in (E, N) respectively. The median errors were (0.888,-10.866) of
differences in (E, N) respectively. Form the table below, one can also see that the median value
are smaller than the mean values which indicates that the distribution of differences of E could
be normal .The standard deviation values were (2.033, 3.256) of differences in (E, N)
respectively. A low standard deviation indicates that the tested points tend to be very close to the
mean; while a high standard deviation indicates that the tested points are spread out over a large
range of values. The mean and standard deviation are very important parameters for distribution
of measurement values for normal distribution. In this research, the mean and standard deviation
values are almost close to each other and which indicates that they are subject to be normal
distributed. Similar observations can be made for the tested data of case study two (Kadhumiyah-
Baghdad), as shown in Table 3.
As mentioned earlier, one-sample t-test was also applied to calculate the error values between
reference and tested datasets. In one-sample t-test, the null hypothesis should be stated
as(Ho: u1 = p2): where p1 is the mean of the first dataset (case study one), and p2 is the mean
of the second dataset (case study two). On the other hand, the alternative hypothesis should be
stated as(H1:ul # p2). For this project there are two values to accept or reject the null
hypothesis: t-critical and p-value. the null hypothesis(H,) assumed to be a smaller or equal to 0.6
depending on the accuracy of MB, While the alternative hypothesis(H,) suggested to be greater
than 0.6. The critical value usually obtains from the t- distribution. If the t-value falls within the
non-rejection region, the null hypothesis at 95% CI cannot be rejected. It should reject the
alternative hypothesis when t-value falls into the area of the rejection region. Whereas, P-value
referred to significance level, it is used as a standard for accepted and rejected the null
hypothesis, Black, 2011. For this study, 95% CI was applied according to NSSDA approach
whereas P-value was 0.05. The findings in Table 4 showed that the t-value was 24.307, t- critical
was 1.960, and p-value was 0.000 which referred to that the t-value is larger than the t- critical,
and the p-value is less than the «(0.05). This has sufficient evidence to reject the null hypothesis
and accept the alternative hypothesis. The two-sample two-test found that the mean of the case
study one (Al-Karada-Baghdad) was 10.190 m, while the mean value of the case study two (Al-
Kadhumiyah-Baghdad) was 4.015m. This proves that there is a difference in the average
deviation of the accuracy of the Google Map (GM) data in different study areas which was 6.175
m. Also, other statistical analysis, such as RMSE and NSSDA accuracy, showed that case study
two have different values of case study one, as demonstrated in Table 4.
The results showed the accepted the alternative hypothesis and should be reject the Null
hypothesis into both study areas based on the t-critical and p-value. This indicates that the data
GM data cannot be appropriate for the purposes of engineering applications.

89



Number 1 Volume 21 January 2015 Journal of Engineering

8. DISCUSSION AND CONCLUSION

A methodology has been developed to evaluate the positional accuracy of Google Map
(GM) data. Tests were conducted using the National Standard for Spatial Data Accuracy
(NSSDA) to assess the relative positional accuracy of tested dataset. Then, the RMSE values
were calculated, yielding comparative measures of positional discrepancy. The linear
displacement (magnitude of error) of each point was determined by measuring the Euclidean
Distance (ED) between the points of reference and tested datasets. The descriptive statistics such
as mean, median, standard devotion, maximum, minimum, variance, and interquartile range for
the differences in Easting and Northing were computed. A tool was designed using Visual Basic
program to represent and analyze the results of positional accuracy. The code of this program
contents three parts: input data, analysis, and output results. Two interfaces were designed for
assessing positional accuracy of two study areas in order to reduce time and efforts for
comparing the mean value of two-sample t-test.
The results of this analysis showed that the informal (GM) data does not match the formal
datasets (MB) in any of the case study areas. The NSSDA accuracy at 95% Confidence Interval
(CI) of the first case study (Al-Karada-Baghdad) was equal to 15.48 m for 260 tested points.
While in second case study (Al- Kadhumiyah-Baghdad) was equal to 8.71 m for 300 tested
points. This refers to that 95% of tested points have an error with respect to formal data
(Mayoralty of Baghdad (MB)) equal to or smaller than 15.48 m, 8.71; whereas 5% of tested
points have an error larger than 15.48, 8.71 m. In general, therefore, it seems that the easting of
GM data is more accurate than the northing of GM data when compared with formal dataset
(MB).
The results of one-sample t-test indicated that the accuracy of GM data larger than the threshold
value (0.6 m) which indicated that the GM data is not suitable for accurate Engineering
applications. The findings of two-sample t-test revealed that the case study two was more
accurate than case study one. The difference of mean between two study areas was 6.18 m. This
provides strong indication that the accuracy of GM data does not equal over different area. It
concluded that the GM data can be used for engineering applications that need low accuracy
such as the preliminary surveying of projects design, tourism, and reconnaissance.
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NOMENCLATURE

n = the number of tested points, dimensionless.

E4, Ngq = the coordinates of formal dataset, m.

E., N. =the coordinates of tested dataset, m.

RMSE = root Mean Square Error in Easting, m.

RMSEy = root Mean Square Error in Northing, m.

RMSE = total Root Mean Square Error, m.

13th AGILE

International

8E?;, 6N?; = the differences in easting and northing for i"check points, between formal and
tested datasets, m.

Table 1. Study areas and their properties.

Data sets Upper left corner Lower left corner Number of |Area (ka)
Easting am) | Northing m) | Easting m) | Northing (m) | tasteq points
Study Area () [441998.350 | 3682841.827 | 449162.768 | 3683916.910 260 9.824
Study Area () [436255.880 | 3694110.799 | 439454.114 | 3688523.522 300 15.054

Table 2. Statistics computed from differences in Easting and Northing of case study one.

Statistics Diff .in easting (m) | Diff .in northing (m)
Mean 1.016 -9.851
Median 0.888 -10.866
Standard deviation 2.033 3.256
Maximum 6.842 5.854
Minimum -4.565 -13.839
Variance 4,131 10.605
IQOR 2.379 3.107
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Table 3. Statistics computed from differences in Easting and Northing of case study two.

Statistics Diff .in easting (m) | Diff .in northing (m)
Mean -0.116 -1.794
Median -0.031 -0.447
Standard deviation 2.403 9.309
Maximum 6.322 6.669
Minimum -6.676 -13.940
Variance 5777 86.659
IOR 2.798 3.781

Table 4. Comparison of Root Mean Square Error (RMSE), National Standard for Spatial Data
Accuracy (NSSDA), and t-distribution positional discrepancies for compared datasets.

Case study RMSE (m) NSSDA(m) t- value | t-critical p-value
Al-Karada_ Baghdad 10.621 15.479 51.577 1.960 0.000
Al-Kadhumiyah_ Bagdad 5.428 8.713 16.192 1.960 0.000

, Absolute accuracy

Relative accuracy

Positional /

Accuracy - z =
: { Horizontal accuracy

Attribute ' Vertical accuracy

Accuracy

. Temporal accuracy

Tompoeal (£ Temporal consistency
| Quality
o Temporal validity
Data Quality ,Conceptual consistency
e Logical - Domain consistency
S\ { Topological consistency
" Formal consistency
Completeness Omission
— Comission
Lineage
Purpose
&Usage

Figure 1. Data quality elements and sub-elements.
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{ | | Mmap | sat [ Ter | Earth |

FOVERED B i : ©2013 Google|

Figure 2. Google Maps Maker data availability.
(http://www.google.com/mapmaker/mapfiles/s/launched.html).

4 15000 a8 o e @ 1L 1: 5,000

i
s i o

(a) Formal data Karada (case study one). (b) Formal data Kadhumiyah (case study two).
Figure 3. Formal data (source: Mayoralty of Baghdad (MB)).
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Figure 5. The distribution of tested points (case study two).
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Figure 6. The workflow of the designed program.
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ABSTRACT

The quality of Global Navigation Satellite Systems (GNSS) networks are considerably
influenced by the configuration of the observed baselines. Where, this study aims to find an optimal
configuration for GNSS baselines in terms of the number and distribution of baselines to improve
the quality criteria of the GNSS networks. First order design problem (FOD) was applied in this
research to optimize GNSS network baselines configuration, and based on sequential adjustment
method to solve its objective functions.

FOD for optimum precision (FOD-p) was the proposed model which based on the design criteria
of A-optimality and E-optimality. These design criteria were selected as objective functions of
precision, which lead to a homogenous and anisotropic network, respectively using Matlab
programming language (V. 2012a). Al Ghammas Township, Al-Qadisiya city, which consists of
twenty-five stations was taken as a study area in this research.

The results showed that there are 300 potential baselines for the GNSS network of the study
area, which were reduced during the optimum configuration to about 70% of the total potential
baselines by applying FOD-p, and there is high level of improvement in the objective functions of
precision which reached to about 90% .

Key Words: configuration baselines, FOD, GNSS network, A-optimality, E-optimality

A AN e araail) Al o alaic) GNSS ) Gl i Ju8is

g e luse i e
KIKEH daala -2...“;.'@\ A.AS i dxala -3.“4.'\.@\ A< A2k FEPAPY -:L..uJ.IQJ\ 4.\35
dadal)

Cum 33 pem pall Gas¥) B slad SR 5 JS5 (GNSS) Lmdhall o il Apallal) Feas) S35 il

J) s s julae Gaeatl Lean 3535 Wadde Gua (e GNSS A (b da shadl JieY) JuCial) sla) ) Caags 4 all oda

Ll J& Juail o Jpeanll Gind) 13 8 adulai 25 (FOD) o it s (A 5Y) 45 el (0 maanaill 0 slud GNSS
Ledlaal J) 5 Jad Calaiall memaail) gl e lalaie) s GNSS I Gulas)

100


mailto:oday_alhamadani@hotmail.com
mailto:Zahraaazeldeen@yahoo.com

Number 1 Volume 21 January 2015 Journal of Engineering

E- 5 A-optimality (e JS meaill (5 bae e aade) Al 7 jidl z35aill 4 (FOD-p) Ll 481 FOD
Alaaiuly il e 3al Gal s a5y Gailad ) a5 )5 A8l Caaa JI oS Laa sl a3 () jlmall 338 optimality
Al y) Ashaia W jliie) o3 daae 25 (e Al 5 Al A cpaleall 32l Cus MATLAB (V.2012a) Al 33
e 270 sl Ladas o5 sl g Al il dihid GNSS J) ASeil daina ibal bad 300 @l gl @ jeul
290 s> A Joal A8l Coagll J) 5 el e (5 gise i )5 FOD-p A dad s Gaadad JIA e SN & sandll

1. INTRODUCTION

Global Navigation Satellite System networks (G-net), referred as hereafter as applied for
different kinds of surveys, such as topographic surveys, construction surveys and deformation and
long-term monitoring surveys.
Furthermore, a geodetic network is defined as being any geometric configuration of three or more
terrestrial survey points that are connected either by geodetic traditional observations made among
them, such as directions and distance, and/or by astronomical measurements or space techniques: for
instance, the global navigation satellite system(GNSS), Andreea, 2011.
Optimal design of a geodetic network is an important subject in many geodetic applications
particularly, those which necessitates high level of precision consistency and homogeneity. The
quality of a geodetic network, which sometimes referred to design criteria is characterized by its
precision, reliability, and cost, Amiri, 2004. The precision of GNSS network can be expressed by
the covariance matrix of the parameters (unknown coordinates). The optimization problems of
geodetic networks are classified into zero order design problem (ZOD), first order design problem
(FOD), second order design problem (SOD), and Third order design problem (THOD). As far as, the
ZOD is defined as a search for an optimal datum, whereas the FOD is defined as the determination
of an optimal configuration for the network. Regarding the SOD is defined as weight problem, and
finally, the THOD is the optimal improvement of an existing network, Grafarend, et al., 1985.

In this research, optimization of a GNSS network is investigated based on selecting baseline
vectors, which have maximum effect on design criteria, from all the probable baseline vectors that
can be measured in a GNSS network. This configuration of baseline vectors, in terms of their
number and their distribution between stations, is applied based on first order design Curran, 2008.

2. PREPARATIONS FOR G-NET DESIGN

There are various types of sources which are providing the approximate positions for the
network stations, such as, aerial and satellite images, topographic maps, open sources like Google
Earth and Google map, and GPS navigator. For designing the conventional geodetic networks, the
visibility and the distances between the (adjacent) stations represent the most important factors in
the designing stage. On the contrary, there is no need for station visibilities for GNSS networks.
While, the baselines lengths represents one of the obstacles in the design of the G-net due to the
reason that the baseline's precision depends on the configuration of the GNSS satellite constellation
Zilkoski, and Hothem, 1989.
The field reconnaissance has to be carried out firstly for the purpose of optimum selection for G-net
stations sites. This requires careful survey of the surrounding areas to the stations sites, e.g. avoiding
reflective objects and surfaces which cause multipath of signals. Additionally, avoid buildings,
bridges, structures, mountains, trees, etc. to prevent the cycle-slip which cause obstructions of the
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satellite signal. For further information about the design specifications for network stations sites, the
reader can refer to Boal, 1992.

After the design of the G-net stations sites is accomplished, certain specifications for field crews can
be written. These specifications should include the method of observation that agrees with the
requirements of the accuracy, number of GNSS receivers, maximum baseline length, and other
items. When approximate station coordinates are determined, a stochastic model for the
observational system can be estimated for the baseline vectors, which be calculated by differencing
the approximate coordinates for adjacent stations, Groten, et al., 1988.

2.1 Baselines (Vectors)

After fixing the positions of G-net stations in design stage, the designer must determine the
minimum number and maximum number of potential baselines before selecting the optimal baseline
configuration. Where, the minimum number of baselines depends on the minimum number of
sessions. The latter is defined as a period of time, which two or more receivers are simultaneously
recording satellite signal, Seeber, 2003. Simple mathematical relationships is considered in this
research to fix both of the number of sessions and the number of baselines based on both of the
number of stations of G-net and the number of available GNSS receivers, Dare, and Saleh, 2000.
The minimum number of the sessions, which is referred to by "se", is calculated as follow:

se = (ns— m) /(nr —m) 1)

where:

nr stands for the number of available GNSS receivers,

ns represents the number of stations, and

m is the number of common stations between two sessions.

The number of minimum baselines, which is referred to by "b,,,;," is calculated as follow:

bpin =(mr—1) xXse+1 (2)
While, the maximum number of baselines, which is referred to by "b,,,," is calculated as follow:

bpox =Ms—1)+ns—-2)+(ns—3)..+1 (3)
2.2 Redundancy

To distinguish and isolate outliers and systematic errors from the G-net in general, the
observations designed with sufficient redundancy. The redundancy of G-net is carried out by
connecting each station with at least two independent baselines, Teunissen, and Kleusberg, 1998.
The adequacy of redundancy must be taken into account by the designer when configuring
baselines, Burfield, 2012.

3. APRIORI LEAST SQUARES ADJUSTMENT OF GEODETIC NETWORKS

A pre-analysis of the network is an a priori adjustment of a network. It enables a surveyor to
design the network before performing any actual observations in the field, whether the possibility
exists that the quality specifications needed by the customer can be met. The combination of a
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stochastic and a functional model of the network are applied to estimate prior quality quantities, see
Fig.1. These quantities are independent of the values of the actual observations and depend on the
location of the stations, the observation scheme (the geometrical connections in the network), and on
a priori assumptions about the expected precision of the observations. The latter is usually
determined and claimed by the manufactures of the instruments, or can be estimated according to
previous observations under similar conditions, Koch, 1977 and Staudinger, 1999.

The means of a stochastic model is defined as the random effects of the observations, which include
the determination of variances and covariance and subsequently the weights of the observations
during the least squares adjustment. The variance is a parameter which measures the spread of the
probability density of a random variable, whereas the statistic relationship between two random
variables is described by the covariance, Krakiwsky, 1999.

3.1 Least Squares Adjustment of G-net

As noted earlier, because of the G-net contains redundant observations which they must be
adjusted to make all coordinate differences consistent. By applying least square adjustment to the
problem of adjusting baselines in G-net networks, observation equations are written in a way to
relate station coordinates to the observed coordinate differences and their residual errors. Coefficient
matrix of G-net observation equation is similar to that in differential leveling .Fig. 2 illustrates this
procedure, Ghilani, and Wolf, 2007.
Observation equation for baseline 1J:

Y= ¥ + AY, + VY, (5)

4. ELLIPSOID OF ERROR
The ellipsoid of error can be computed based on eigenvalues and eigenvectors. In the case of
three-dimensional matrix, the solution is carried out based on solving an equation of the third order

which in turn leads to produce three eigenvalues A, %,,A,. To explain how this procedure can be

achieved, the variance matrix for one point will be explained as follows, AL-Joboori, 2010 and
Junhuan, 2005.

2
Oy Oxy Oxz
_ 2
Qxx = |0xy 0y Oy (7)
2
Oxz Oyz Oz

Then the eigenvalues can be use in formula of det(Q,, — Al) = 0, and this yields:
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2
O — A Oy Oyxz
det| oy, oy—X gy, |=0 8
2
Oz Oy o; — A

After finding the eigenvalues, the three axes of ellipsoid are computed, and then the orientation
angles are computed based on the computation of eigenvector u,, u,, us, as follow:

uy (07 — M (07 = 1) — (0y,)°
[uzl = Oxz0yz — O-xy(o-z2 - N 9)
usz

(GZZ - }\‘) Oxz — OxyOyz

Finally, the orientation angles of each axis in ellipsoid are computed as follow:

al = tan"(uy / uy) (10)

vh = tan"(uz // (Uiz + Uz;)) (11)

Where a) and vA refer to the horizontal and vertical rotations consecutively as shown in Fig. 3.

5. AREA OF STUDY

Network of Al Ghammas Township, Al-Qadisiya city, was chosen as the area of study to design
the G-net. The dimensions of this network are around 5 km in North-South direction and 4 km in the
East-West direction, and the network consists of 25 stations as shown in Fig.4. The initial geocentric
coordinates (X Y Z) wasss Of the G-net stations are listed in Table 1. Fig.4 shows that the locations
of twenty-five G-net stations for the area of study were distributed irregularly and this yielded
irregular geometric shapes.

6. FOD FOR OPTIMUM PRECISION (FOD-p)

In the application of FOD-p, it was aimed to constitute a homogeneous and isotropic network.
For that reason, an A-optimality solution (trace (Q,,) — min) that leads to a homogeneous
network and an E-optimality solution (4,4, = min) that leads to an isotropic network were
selected as objective functions. Through FOD-p code application in this research, the initial scheme
of G-net observations was determined firstly, and then the axes of ellipsoid errors and the resultant
of axes of ellipsoid, which defined as helmert errors (HPE), were computed. HPE was used to
distinguish between stations which have maximum level of error than the stations which have
minimum level of error. The objective functions were improved (minimize) by adding new baselines
which have maximum effect on both objective functions. In FOD-p code of this research, the
baseline that connects between two stations of maximum and minimum error was found a
significant effect on the objective function, and was added firstly. One of the most important finding
in this research that when the changes in the both of the objective functions have a few impact on

104



Number 1 Volume 21 January 2015 Journal of Engineering

improving precision, this refers to obtain the optimum precision in terms of a homogeneity and
isotropy for all stations.

6.1 FOD -p for the Area of Study (Al-Ghammas Township)

The effect of adding new baselines on the values of objective functions of precision, which
represented by A-optimality and E-optimality is shown in Table 2 and in Fig 5.

The values of objective functions for both of A-optimality and E-optimality were reduced by
around 90%, which vyielded from adding baseline that have maximum effect on minimizing
objective functions of precision.

The values for both of axes of ellipsoid error and helmert point error for the twenty-five stations
in the initial and final scheme are listed in Table 3.

GNSS baselines configuration was started from the first scheme to reach optimal precision of G-
net in seventeenth scheme as in Fig 6 (a-b).

7. CONCLUSIONS

This research showed that the optimal configuration of GNSS baselines can be carried out
effectively based on the first order design (FOD) with sequential adjustment solution technique to
improve the quality criteria of GNSS network in terms of precision.
FOD-p model, which based on minimizing both of A-optimality and E-optimality as objective
functions, was achieved to gain the best possible precision of the G-net in terms of decreasing
errors, improving homogeneity, and enhancing isotropy.
In the initial scheme of G-net for the area of study, the stations which are located around the center
of the network have minimum ellipsoid errors due to their adequacy of observations. Unlike the
stations which are located on the perimeter of the network have maximum ellipsoid error due to
their inadequacy of observations.
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Table 1. The initial geocentric coordinates (WGS84) of the area of study.

Stations
S1
Sz
S3
S4
Ss
Se
S7

X (m)
3863932.02
3863929.35
3864422.90
3864331.45
3864639.19
3864534.58
3864934.71

Y(m)
3812639.41
3812863.89
3812938.49
3813222.93
3813104.62
3813404.50
3812730.31

Z (m)
3337605.20
3337351.68
3336699.54
3336468.69
3336249.46
3336027.52
3336335.47

Table 1. The initial geocentric coordinates (WGS84) of the area of study.

Stations

X (m)

3864698.04
3865053.31
3864843.58
3865106.50
3865232.06
3865340.59
3865547.80
3865510.76
3865790.59
3865766.37
3865866.43
3865806.74
3866064.18
3866110.76
3866169.49
3866503.44
3866771.75
3867284.47

Y(m)

3813522.68
3812752.69
3813578.41
3813058.98
3813337.94
3812654.95
3812950.91
3812391.52
3812977.65
3812493.04
3813009.20
3812155.22
3813190.00
3812226.29
3812645.35
3812211.55
3812282.55
3812268.06

Z(m)

3335705.08
3336174.64
3335475.65
3335763.92
3335302.98
3335955.25
3335378.68
3336057.04
3335068.27
3335648.49
3334944.97
3335995.09
3334512.87
3335565.21
3335022.65
3335130.17
3334740.57
3334166.09
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Table 2.Improved objective functions of FOD-p by adding baselines.

No. iteration

O O N OB W NP

PRk R R ke
N ool w N Rlo

No. Baselines

47
49
51
53
55
57
59
61
63
65
67
69
71
73
75
77
78

A- optimality

19.96
11.04
9.00
7.51
6.30
5.55
5.21
4.63
4.08
3.73
3.39
3.14
2.98
2.81
2.61
2.42
241

E- optimality

1.01
0.40
0.29
0.25
0.22
0.19
0.18
0.16
0.14
0.13
0.12
0.12
0.11
0.10
0.09
0.08
0.08
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Table 3.The results of FOD-p model for the area of study.

Stations

O oo NOOOB WN -

NN R R R R R R R R Rk e
B W NP O wWOON OO O M w Nl Rlo

N
(6}

a
Semi-Axis
Ellipsoid,cm
Initial  Final
4.81 1.19
4.45 1.11
417 1.11
3.92 1.33
3.68 1.14
3.45 1.12
3.25 1.22
3.06 1.24
2.90 1.23
2.77 1.35
2.67 1.35
2.61 1.22
2.59 1.22
2.61 1.21
2.67 1.34
2.77 1.11
2.90 1.35
3.06 1.22
3.25 1.24
3.45 1.13
3.68 1.11
3.92 1.13
417 1.11
4.45 1.11
4.81 1.10

b
Semi-Axis
Ellipsoid,cm
Initial  Final
5.07 1.25
4.69 1.17
4.39 1.17
4.13 1.41
3.88 1.20
3.64 1.18
3.42 1.29
3.23 1.30
3.06 1.30
2.92 1.42
2.82 1.42
2.75 1.29
2.73 1.29
2.75 1.28
2.82 1.41
2.92 1.17
3.06 1.42
3.23 1.29
3.42 1.30
3.64 1.19
3.88 1.17
4.13 1.19
4.39 1.17
4.69 1.17
5.07 1.16

C

Semi-Axis
Ellipsoid,cm
Initial  Final
10.03 2.48
9.28 2.31
8.69 2.32
8.17 2.78
7.67 2.38
7.20 2.34
6.77 2.54
6.39 2.58
6.05 2.57
5.78 2.81
5.57 2.81
5.45 2.54
5.40 2.55
5.45 2.53
5.57 2.79
5.78 2.32
6.05 2.81
6.39 2.55
6.77 2.58
7.20 2.35
7.67 2.32
8.17 2.35
8.69 2.31
9.28 2.32
10.03 2.29

Helmert Point

Errors,cm
Initial  Final
12.23 3.02
11.31 2.81
10.60 2.83
9.96 3.39
9.35 2.90
8.78 2.85
8.25 3.10
7.78 3.14
7.37 3.14
7.04 3.42
6.79 3.43
6.64 3.10
6.59 3.10
6.64 3.08
6.79 3.40
7.04 2.83
7.37 3.42
7.78 3.11
8.25 3.14
8.78 2.87
9.35 2.83
9.96 2.87
10.60 2.81
11.31 2.82
12.23 2.79
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Figure 1.The main stages of least square adjustment, Staudinger, 1999.
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Figure 2. Baseline vectors of GNSS network, Ghilani and Wolf, 2007,
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Figure 4. The area of study, Al Ghammas township, Al-Qadisiya city.
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Figure 6. Observation schemes of FOD-p model for the area of study.
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Figure 6. Observation schemes of FOD-p model for the area of study.
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ABSTRACT

Reinforcing asphalt concrete with polyester fibers considered as an active remedy to alleviate the
harmful impact of fatigue deterioration. This study covers the investigation of utilizing two shapes
of fibers size, 6.35 mm by 3.00 mm and 12.70 mm by 3.00 mm with mutual concentrations equal to
0.25 %, 0.50 % and 0.75 % by weight of mixture. Composition of asphalt mixture consists of
different optimum (40-50) asphalt cement content, 12.50 mm nominal aggregate maximum size with
limestone dust as a filler. Following the traditional asphalt cement and aggregate tests, three
essential test were carried out on mixtures, namely: Marshall test (105 cylindrical specimens),
indirect tensile strength test (21 cylindrical specimens) and flexural bending test (21 beam
specimens). The results revealed that, more asphalt content needed as the fibers length and
concentration increased. The fatigue life estimation depending on cyclic load to failure in the beam
test support the idea that polyester fibers really improve the resistance of fatigue cracking since the
repetitions to failure increased by 9.40 % for the 0.50 % of 12.70 mm fibers length. Both of
Marshall stability and indirect tensile strength suffer from slight reduction in their values, whereas,
the 0.75 % of 12.70 mm fibers length caused lowering in Marshall stability and indirect tensile
strength by 11.70 % and 6.00 % respectively.

Key words: Asphalt Pavement, fatigue cracking, polyester fibers, beam test, tensile strength
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1. INTRODUCTION

It is widely recognized that highways play an important role in economic and social development of
societies, therefore, many studies are directed towards modifying pavement properties. In Irag as
well as other countries, pavement surface cracks are considered as a major problems affected the
performance of road networks. In order to prevent the cracking progress of asphalt layer, numerous
efforts are devoted to improve the performance of asphalt mixtures, hence, many additives are used
for this purpose. Polyester fibers are incorporating in asphalt mixtures production to enhance the
resistance of flexible pavement against fatigue cracking, Abtahi, et al., 2010.

Reinforcement generally includes addition of materials which have some desired properties to other
materials which do not have these properties. Fibers reinforcement was used to carry the tensile
loads, improve the pavement resistance to some distresses as well as to prevent the formation and
propagation of cracks, Mahrez and Karim, 2010.

1.1 Objective of the Study

The main purpose of the effort presented in this study is to investigate the role of reinforcing the
asphalt mixture by polyester fibers with different contents and sizes. The course of experimental
work involved the conventional Marshall test properties and the ability of mixture to resist the
tensile stress by conducting the indirect tensile strength test. The achievement of fatigue resistance
will be accomplished by performing the flexural bending fatigue test on asphalt concrete beam
specimens.

2. REVIEW OF LITERATURES

One of the most significant distress modes in flexible pavements is fatigue cracking. The action of
repeated loading caused by traffic induces tensile and shear stresses in the bound layers which lead
to the gradual loss in the structural integrity of the material. Fatigue initiates cracks in the wheel
path at points where critical tensile strains and stresses occur. Once the damage initiates at the
critical locations, the action of traffic eventually causes these cracks to propagate through the entire
bound layer, Al-Khateeb and Shenoy, 2011.

Moghaddam, et al., 2011, depicted that fatigue resistance of asphalt mixture is its ability to
withstand repeated bending without fracture. Most analyses utilize flexure stresses or strains on the
underside of the asphalt concrete pavement layers to assess the fatigue life.

As cited by Deacon, et al., 1994, in the early 1960s, Monismith, et al., and Pell established the
relationships between Hot Mixed Asphalt (HMA) fatigue life and horizontal tensile stress or tensile
strain at the bottom asphalt layer by using the basic forms shown in Egs. (1) and (2).

Nf=k1[i]k2 (1)
Nf=k3[£lt]k4 2

Where Nt is the number of repetitions to failure, o is the magnitude of the tensile stress repeatedly
applied, & is the magnitude of the tensile strain repeatedly applied, and ki, ks, ks, and ky are the
experimentally determined coefficients.
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An interesting statement declared by Serfass and Samanos, 1996, demonstrated that adding fibers
enables developing asphalt mixtures that are rich in bitumen which create high resistance to ageing,
effects of water and fatigue cracking as well as mechanically strong high resistance to shear, tension
and flexure.

Asmael, et al., 2010, showed that polyester fibers do improve the performance of the asphalt mix as
they enhance the stability, mainly due to their stabilizing and multi-directional reinforcing function.
They also absorb the bitumen and thicken the bitumen film adhering to the aggregate, which
strengthens the resistance of the asphalt mix to environmental disruption and water damage.

Chen, et al., 2009, used polyester fibers as the reinforcement for improving the fatigue life of
asphalt mixture, by conducting the fatigue beam test on densely graded bitumen concrete, they
concluded that, addition of the fibers decelerates the deflection development and crack evolution
significantly for heavy loading road applications.

Qunshan, et al., 2009, used three types of fibers including polyester fibers, cellulose fibers and
mineral fibers as modifiers for asphalt mixture with the dosage of 0.30 %, 0.35 % and 0.40 % by the
total weight of asphalt mixture. The fatigue properties of asphalt mixture were studied at different
stress ratios. Their extensive work showed that fatigue parameters of asphalt mixtures with fibers
were decreased, which indicated that fatigue property could be improved by fibers modifiers.

Xu, et al., 2010, investigated the effect of polyester fibers with different percentages (0.00 %, 0.20
%, 0.35 % and 0.50 % by weight of mixture) on fatigue properties of asphalt concrete mixtures.
Third-point bending fatigue test with stress controlled mode was performed at 20°C. They reported
that addition of fibers into mixture resulted in increment of fatigue life. Consequently, fatigue life of
AC with polyester fibers was more than other mixtures. As mentioned in their study, the
improvement of fatigue characteristic is attributed to the three-dimensional networking effect of
fibers in AC and stabilization of binder on surface of aggregate.

Anurag, et al., 2009, used roofing polyester waste fibers with two lengths (0.635 cm and 1.270 cm)
and two contents (0.35 %, and 0.50 % by weight of total mixture). After conducted the indirect
tensile strength test of asphalt concrete mixtures, they reported that addition of the polyester fibers
was beneficial in improving the tensile strength properties in addition to increasing the following
parameters; void content, asphalt content, unit weight, and Marshall stability, furthermore, they
found that 0.635cm long fibers with 0.5 % content proved to be the best combination.

In another study performed by Ye, et al., 2009, which was carried out on fatigue properties of three
types of fibers modified binder containing cellulose fibers, polyester fibers and mineral fibers. It was
shown that fatigue parameters (dynamic modulus |E*| and phase angle (5)) were decreased, so, the
fatigue properties of fibers modified asphalt mixtures were improved compared to control mixture.
Besides, the indirect tensile fatigue test (ITFT) was performed at different stress ratios, and the
result illustrated that polyester fibers had the best influence on fatigue resistance of mixture among
the three.

Shaopeng, et al., 2008, investigated the role of reinforcing asphalt mixture by polyester fibers, they
depicted that viscosity of asphalt binder is increased with increasing polyester fibers contents and
the cycle numbers to fatigue failure of fibers modified asphalt mixture are increased with 1.9, 2.9
and 3.6 times at 0.5, 0.4 and 0.3 stress ratios, besides, they found that optimum polyester fibers
content was 0.30 % by weight of total mixture.
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Salman, et al., 2001, investigated the effects of several types of fibers on the Marshall properties,
they reported that adding such types of fibers to asphalt-mixture caused negative effects on variables
of Marshall test (stability, flow, unit weight, air voids content , and voids in mineral aggregate).
They also found that fibers-asphalt mixes required more compaction effort as compared to the
control specimens.

Hasan, 1997, added three types of fibers to asphaltic mixture with lengths of (1.0 cm and 0.5 cm)
and contents of (0.10, 0.20, 0.30, and 0.40) percentages by weight of total mixture. These fibers
included Polypropylene fibers, Fibers Glass, and Steel wires. Marshall properties, indirect tensile
strength, temperature susceptibility and resistance to moisture damage are studied. He found that
optimum fibers content necessary to provide all the desired mixture properties has been determined
to be equal to 0.20 % (by weight of total mixture) and the use of fibers with optimum asphalt
content had improved performance related properties of paving mixtures including tensile strength,
resistance to plastic flow and resistance to moisture damage.

3. MATERIALS AND METHODS OF TESTING

3.1 Asphalt Mixtures Composition

In general, the hot mix asphalt mixtures designed for this study are composed of aggregates (coarse,
fine and mineral filler), asphalt binder and polyester fibers. Essentially, all the participated materials
are locally available and traditionally utilized in paving process excluding the fibers. Several test
were undertaken on asphalt binder and aggregates particles to satisfy the SCRB R/9, 2003
requirements. Tables 1, 2, 3 and 4 summarized the principal outcomes of the performed tests.

The prepared mixtures involved the following substances:

= 40-50 penetration grade of asphalt cement obtained from Daurah refinery,

= 12.5 mm nominal aggregate maximum size brought from Al-Nibaee quarry,

= Natural sand and limestone dust brought from Karbala province, and

= Sheets of Polyester fibers obtained from local market.

3.1.1 Polyester Fibers

The polyester fibers are spun bond, non-woven and continuous. This commercial product trim waste
was obtained from the rolls of polyesters used for roofing. Based on previously mentioned
literatures, the polyester fibers incorporated in the present work have two length sizes of 6.35 mm
and 12.70 mm with one width size of 3.00 mm as shown in Fig.1. Implementation of these fibers
sizes aided by using paper shredder machine. The content of these fibers has three percentages; 0.25
%, 0.50 % and 0.75 % by weight of mixture.

3.2 Preparation of Asphalt Mixtures

Following the operation of sieving, the aggregates recombined with appropriate proportions which is
necessary to meet the range of gradation specified by SCRB R/9, 2003 for the wearing course
asphalt pavement as listed in Table 5 and portrayed in Fig.2. Prior to conducting the I.T.S and
fatigue tests, Marshall test method (ASTM D-6927) was carried out on cylindrical specimens (101.6
mm in diameter and 63.5 mm in height) with different asphalt content for control mixture (0.00 %
fibers) and reinforced mixtures to gain the optimum asphalt content for each combination in order to
prepare the mixtures for the remaining tests, 105 specimens have been prepared for this test and
some of them are displayed in Fig.3.
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The polyester fibers were mixed with aggregates thoroughly for 15-25 sec, the aggregate are then
heated to a temperature of 155 °C before mixing with asphalt cement which has already been heated
to a temperature that produce a kinematic viscosity of (170 + 20) centistokes (up to 163 °C as an
upper limit), then, the asphalt cement is weighed to the desired amount and added to the heated
aggregates and mixed thoroughly until all aggregates and polyester fibers particles are coated with
asphalt. The direct measurements from Marshall test are stability and flow values while the
following properties are calculated depending on density - voids analysis:

AV=[1-Gy,, /G, ]x100 3)
VMA=1OO—[GBM>< PA/GBA] 4)
VFA=[ VMA-AV/VMA]x100 (5)
where:

AV = percent of air voids by total mixture weight,

VMA = percent of voids in mineral aggregate,

VFA = percent of voids filled with asphalt,

Gy = bulk specific gravity of mixture,

Gumm  =theoretical maximum specific gravity of mixture,

Pa = percent of aggregate by total weight of mixture, and
Gpa = bulk specific gravity of aggregates.

3.3 Indirect Tensile Strength Test

This test was performed according to the method described in ASTM D-6931. The same Marshall
mold dimensions have been utilized with total number equal to 21 specimens. They left to cool at
room temperature for 24 hours and then placed in an air bath at 25 °C for 4 hours in order to bring
them to test temperature. The loading strips were placed and the load was applied at a strain rate of
50 mm/min. Three specimens for each mix combination were tested and the average results were
reported. The indirect tensile strength in kPa was then calculated as follows:

L.T.S. = 2000 Put / n t D
(6)

where

Pui = ultimate applied load required to fail the specimen, N
t = thickness of the specimen, mm

D = diameter of specimen, mm

3.4 Preparation of the specimens for the flexural bending fatigue test

The beam specimens have the dimensions of 500 mm in length, 100 mm in width and 50 mm in
height and required approximately 5.750 kg of prepared asphalt mixture. The manufactured iron
mold was heated to the compaction temperature. The mold and tamping foot were lightly oiled; 2
sheets of 10 cm by 50 cm papers placed on the mold base plate. The compactor foot was maintained
sufficiently hot to prevent the mixture from adhering to it. One half of the required amount of
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mixture for one specimen was placed in the mold in a uniform layer, spade the mixture vigorously
with a heated spatula or trowel 40 times around the perimeter of the rectangular and 27 times over
the interior of the rectangular. The leveling plate was placed on top of the specimen. Using a
compression testing machine, a static load of 45 kKN was applied on the specimen at a rate of 0.50
mm /min. The other remaining quantity of asphalt material was added in the same procedure. Three
beam specimens for each mix combination were tested and the average results were reported. Fig.4
shows some of the 21 beams specimens formed for this test.

3.5 Repeated loading apparatus

This apparatus has the ability to apply repeated load with different pressure values and within
various loading and testing periods, furthermore, the testing chamber can maintain the temperature
at the desired heat condition, Albayati, A. H., 2006. Compressive loading was applied in the form
of rectangular wave with a constant loading frequency of 120 cycles per minute including 0.1 sec
loading time and 0.4 sec rest period. Application of 45 kPa stress level was utilized and the test was
controlled at a temperature of 20 °C. In the fatigue test, the number of applications to failure (Ny)
was counted. A third-point loading system was chosen due to the advantage of the constant bending
moment existence over the specimen middle third, so that, any weak spot due to non-uniform
material properties will show up in the test results as declared by Huang, 2004.The beam
dimensions with applied load system is configured in Fig.5 while the test running is shown in Fig.6.

4. RESULTS AND DISCUSSION

4.1 Marshall test

The effort spent in conducting Marshall test was essential to specify the optimum asphalt content for
the various mixtures combinations, in this way, the control mixture (0.00 % fibers) witness the best
results at 4.90 % of asphalt content (by weight of total mixture). However, this percent is slightly
increased when fibers presented, whereas, for the 6.35 mm fibers size, the asphalt magnitudes
become

5.00 %, 5.15 % and 5.30 % for the three proportions of fibers (0.25 %, 0.50 % and 0.75 % by weight
of mixture) respectively. In the same manner, the asphalt values elevated to 5.10 %, 5.25 % and
5.40 % in the case of using 12.70 mm fibers size for the same proportions. The justification of this
behavior belongs to the larger surface area of fibers which defiantly required more asphalt to coat.
All the test results are listed in Table 6 while Fig.7 visualized only the attitude of control mixture.
Fig.8 displays the effect of fibers content on optimum asphalt content. As regard to stability values,
specimens molded utilizing fibers exhibited lower stability with reductions values of 3.00 %, 5.00 %
and 9.80 % for the first size (6.35 mm) and 4.00 %, 8.80 % and 11.70 % for the second size (12.70
mm) as shown in Fig.9, this might be explained by the increase in asphalt content which cause some
sliding action for aggregate particles. The specimens containing no fibers had lower air void content
than the mixtures containing polyester fibers, for further detailing, mixtures containing fibers length
of 6.35 mm have higher air voids than the control mixture by 1.30 %, 9.40 % and 13.50 % for the
three fibers content categories while specimens containing the other fibers size witness an growth in
air voids by 8.10 %, 10.80 % and 14.80 % as portrayed in Fig.10. However, this behavior could be
understood due to the low specific gravity of fibers which resulted in reducing the bulk density of
mixture that leading to increase air voids.
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4.2 Effect of polyester fibers on I.T.S.

The influence of reinforcing asphalt mixtures by polyester fibers on tensile strength is plotted in
Fig.11. As can be seen, there is a little reduction in tensile strength value as the fibers acted. In other
words, incorporating fibers with 6.35 mm length produce values of reduction of 3.40 %, 5.00 % and
5.60 %, while for the other fiber size, the reduction values increased to 4.10 %, 5.50 %, and 6.00 %
for the three fibers contents. This could be due to their relatively higher air voids, i.e., higher air
voids provide more space resulting in greater expanding forces.

4.3 Effect of polyester fibers on flexural bending fatigue test

Performing the flexural bending test on asphalt beam specimens at the specified conditions provides
the results which are listed in Table 7 and plotted in Fig.12. It seems to be that adding polyester
fibers indeed show some enhancement in the fatigue properties. Demonstrating by percentages, 4.70
%, 8.10 % and 7.40 % growth of cyclic loads to failure occurred when the fibers of 6.35 mm
length size presented in the mixtures with their three blended categories. Referring to the fibers of
12.70 mm length size, the same increase happened with little enlargement, in other words, 5.40 %,
9.40 % and 8.70 % percentages of increase observed. It is clearly noticed that 0.50 % of fibers
content yields the best results for both fibers configuration. This improvement confirmed to the fact
that the fibers distributed in different directions of asphalt-aggregates matrix causing high strain
capacity of the mixes owing to their higher asphalt content and the thicker film coating the
aggregates.

5. CONCLUSIONS

= The potential of reinforced asphalt concrete to withstand fatigue deterioration succeed to show
through flexural bending test, whereas, the 0.50 % with 12.70 mm fibers length showed the
higher percentage of enhancement by 9.40 %, on the other hand, the lowest increment of
increase, 4.70 %, occurred by incorporating 0.25 % of 6.35 mm fibers length.

= |t is appeared that, as the polyester fibers size and content increased, the required asphalt binder
to produce the optimum Marshall properties increased also. Referring to this, reinforcing
mixture by 0.25 % of 6.35 mm fiber length need 5.00 % of asphalt binder to reach the optimum
behavior, while this percent become 5.40 % when the 0.75 % of 12.70 mm fiber length utilized.

= Within the limit of this study , continues rising of polyester length and contents seems to be
slightly have an impairs effect on Marshall stability, herein, 0.25 % of first fibers size caused a
reduction in Marshall stability by 3.00 %, unfortunately, this reduction elevated to 11.70 % as
the 0.75 % of the second fibers size presented. However, all the reinforced specimens are still at
safe distance from the minimum specification values.

=  The specimens containing no fibers had lower air void content than the mixtures containing
polyester fibers. Mixtures containing fibers length of 6.35 mm have higher air voids than the
control mixture by 1.30 %, 9.40 % and 13.50 % for the three fibers content categories while
specimens containing the other fibers size witness a growth in air voids by 8.10 %, 10.80 % and
14.80 %.

= There is a little reduction in tensile strength value as the fibers acted. Incorporating fibers with
6.35 mm length produce values of reduction of 3.40 %, 5.00 % and 5.60 %, while for other size,
the reduction values increased to 4.10 %, 5.50 %, and 6.00 % for the three fibers contents.
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NOMENCLATURE

AC asphalt concrete

ASTM American Society for Testing and Materials
AV percent of air voids by total mixture weight

D diameter of specimen, mm

Gga bulk specific gravity of aggregates

Gam bulk specific gravity of mixture

Gmm theoretical maximum specific gravity of mixture,
HMA hot mixed asphalt

I.T.S indirect tensile strength

ITFT indirect tensile fatigue test

K1, Ko, k3, and ky4 experimentally determined coefficients

N¢ number of repetitions to failure

Pa percent of aggregate by total weight of mixture
Put ultimate applied load required to fail the specimen, N
SCRB The State Corporation for Roads and Bridges

t thickness of the specimen, mm

VFA percent of voids filled with asphalt

VMA percent of voids in mineral aggregate

&t magnitude of the tensile strain

Ot magnitude of the tensile stress
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Table 1. Physical properties of Daurah 40-50 asphalt cement.

ASTM SCRB, R/9
Test Unit Result
Designation No. Requirements
Penetration @ (25 °C, 100 gm, 5sec) | 1/10 mm D-5 46 40-50
Softening Point (Ring & Ball) (°C) D-36 51 | ...
Specific Gravity @ 25°C | ...... D-70 .01 | ...
Ductility @ (25 °C, 5 cm/min) cm D-113 114 >100
Flash Point, (Cleveland open Cup) (°C) D-92 319 > 232
Residue from Thin Film Oven Test
Retained Penetration, % of Original % D-5 80 > 55
Ductility @ (25 °C, 5cm/min) cm D-113 92 > 25
Table 2. Physical properties of Al-Nibaee aggregate
Property _AST_M Coarse Fine
Designation No. Aggregate Aggregate
Bulk Specific Gravity C-127 & C-128 2.600 2.640
Apparent Specific Gravity C-127 & C-128 2.644 2.652
Percent of Water Absorption C-127 & C-128 0.435 0.562
Percent of Wear
(Los Angeles Abrasion Test) C-131 1969 |

Table 3. Physical properties of limestone dust

Property Result
% Passing Sieve N0.200 100
Specific Gravity 2.69

Table 4. Physical properties of polyester fibers
(provided by manufacture company)

Test Properties Typical Value
Weight, gm/m* 180
Density, gm/cm® 1.36
Tensile Strength, MPa >517
Elongation-at-Break, % 39
Tear Strength, N 75
Softening Point, °C 240
Melting Point, °C >255
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Table 5. Gradation of combined aggregate
Sieve Size Specification Range, (%)* | Work Limit, (%)
3/4" 100 100
1/2" 90-100 95
3/8" 76-90 83
No.4 44-74 59
No.8 28-58 43
No.l6 | ... 32
No30 | .. 20
No0.50 5-21 13
No.100 | ... 10
No0.200 4-10 7
*(SCRB R/9, 2003)
Table 6. Marshall test results
Fibers (%) O.AC,, Stability Flow, Bulk Air Voids V.M.A. V.F.A.
Length, Fibers, (%) by (kN) (mm) Density (%) (%) (%)
(mm) by wt. of | wt. of (gm/icm®)
mix. mix.
Con_trol
mix 0 49 10.2 2.0 2.340 3.70 14.40 74.30
0.25 5.0 9.9 3.0 2.334 3.75 14.70 74.48
6.35 0.50 5.15 9.7 3.8 2.315 4.05 15.54 73.93
0.75 5.3 9.2 4.0 2.285 4.20 16.75 74.92
0.25 5.1 9.8 3.5 2.322 4.00 15.30 73.85
12.70 0.50 5.25 9.3 4.1 2.300 4.10 16.17 74.64
0.75 54 9.0 4.2 2.280 4.25 17.10 75.14
Table 7. Flexural bending fatigue test results
Fibers
length(mm) Control 6.35 12.70
Fibers, (%) 0 0.25 0.50 0.75 0.25 0.50 0.75
Nt 148 155 160 159 156 162 161
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Figure 4. Asphalt beam specimens.
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Figure 5. Diagrammatic view of third point loading system.

Figure 6. Flexural bending fatigue test.
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Experimental Study of the effect of closed cavity wall on buildings cooling
loads saving

Dr. Qussai Jihad Abdul Ghafour Bashar Kamil Mahmoud
Asst. prof. University of Technology
University of Technology Mechanical Engineering Department
Mechanical Engineering Department
kaisyqj@yahoo.com

ABSTRACT

The experimental study showed the use of closed cavity wall (the thickness of the
cavity 5cm) made a percentage reduction in the cooling load caused by heat gain from the
wall by (21.5 %) compared with the conventional wall. also the thermal resistance of the
closed cavity was an average (0.2 m?.°C/W).

The experimental results of the study showed that the use of closed cavity wall reduced
the average temperature of the inner surface of the wall during the day, and that the reduction
was an average (0.45 °C) when compared with the conventional wall , as well as the use of
closed cavity wall reduced the temperature difference range of the inner surface of the wall
during the day, and that the reduction was an average (0.66 °C) when compared with the
conventional wall .
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Performance Improvement of the Implementation of Concrete Structures in the
Construction Sector In Irag Using The Modern Management Technique
“Six Sigma”

Asst. Prof. dr. hatem Khalifah breesam Al-Ajeeli Hassan Abdul-sahib Mehdi

Baghdad University- Engineering Affaires Dep. Baghdad University
Email: dr.hatem2999@yahoo.com

ABSTRACT

The reality of the field of construction projects in Iraq refers to needing for the development of
performance in order to improve quality and reduce defects and errors and to control the time and cost,
so there is needing for the application of effective methods in this area, one of the methods that can be
applied in this area is the manner of Six Sigma. This research aims to enhance the performance and
quality improvement for the construction projects by improving performance in the work of the
implementation of the concrete structure depending on the Six Sigma methodology, and for the purpose
of achieving the aim of the research, the researcher firstly depends on the theoretical study that include
the concepts of quality and the Six Sigma methodology as a system aims to reduce defects and improve
the quality and secondly on the field study carried out by the researcher through conducting the open
questionnaire that include interviews conducted by the researcher with a slice of engineers experienced
in the implementation of construction projects that leads to design closed questionnaire included the
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major axes of the research and distributed on a selected sample of engineers with expertise in this area.
The researcher applying the (DMAIC) methodology is one of the methods adopted for the application
of Six Sigma on the case study (the project of structures laboratory at University of Baghdad) for the
purpose of identifying the most important defects that may appear in the implementation of the
concrete structure and assess the quality of implementation of the concrete structure and then analyzing
the causes of these defects and propose procedures to enhance the performance and quality
improvement depending on the field survey was conducted. The most important research conclusions
are sigma level for the case study is 2.35 and the number of defects per million opportunities is 211905

and this Sigma level is very small which indicates the low level of quality for the case study.
Keywords : performance, concrete structures, quality management, six sigma,
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Formal Characteristics of the Architectural Type of contemporary
Mosques within the concept of Topology

Dr. Nawar Sami Mahdi / Assistant professor/ Dr.Saba Sami Mahdi / Lecturer / University of
University of Philadelphia- Jordan Alnahrain- Baghdad
nawarsm5@yahoo.com sabasamil000@yahoo.com

ABSTRACT

Mosques could be considered as one of the most powerful architectural types
throughout historical ages. With their highly symbolic formal legacy, Mosques play an
essential role in providing the Islamic city with its special identity. Nevertheless, the
advent of digital technology and its ubiquity at different levels of architectural design
marked the emergence of new tendencies in the Architecture of Mosques, represented by
various models added to the storage of this architectural type. Consequently a review of
these tendencies would be needed, aiming at pointing out the formal transformations and
new suggested characteristics.

The paper investigates the surviving and the disappearing formal components of the
Mosque Type, and reviews the different ways they are contemporarily employed within
the notion of Topology in Architecture. This is achieved through the study and analysis
of several examples of contemporary mosques , with comparison to the development of
the formal components undergone by the Mosque type.

Key Words: design of contemporary mosques ,types of mosques, topology, elements of
mosque.
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