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ABSTRACT

This paper describes flexural behavior of two spans continuous rectangular concrete beams
reinforced with mild steel and partially prestressing strands, to evaluate using different
prestressing level and prestressing area in continuous prestressed beams at serviceability and
ultimate stages. Six continuous concrete beams with 4550 mm length reinforced with mild steel
reinforcement and partially prestressed with two prestressing levels of (0.7f,, or 0.55f,) of and
different amount of 12.7 mm diameter seven wire steel strand were used. Test results showed
that the partially prestressed reinforced beams with higher prestressing level exhibited the
narrowest crack width, smallest deflection and strain in both steel and concrete at ultimate
service load, the deflection decreased by (3.60% & 32.49%) and the crack width decreased by
(20.0%) and (75.0%) when increasing the prestressing level from (0.55fy) to (0.7f,y,) for beams
reinforced with one and two strands respectively. Deflection of beams with two strands
decreased by (44.81% & 22.2%) compared with beams of one strand at prestressing level of (0.7
foy) and (0.55 fyy), respectively. At ultimate load, using ACI-Code recommended moment
redistribution led to more agreement between theoretical and experimental loads for both
ordinary reinforced and partially prestressed beams.
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1. INTRODUCTION

The use of continuous concrete beams over the interior supports leads to increase the flexural
rigidity through providing an alternated load path among the beam, this alternate load path lead
to reduce the moments and stresses at midspans results in shallower beams that are stiffer
compared with simply supported beams of equal span and with leaser deflection, Amlan K., and
Devdas M., 2011. With low tensile capacity of concrete, flexural concrete members would be
cracked at early loading stages with higher deflection. In order to limit tensile stress, cracks and
deflection under service load; partial prestressed reinforcement which consists of mild steel and
prestressing steel is used in concrete beams, Nawy, 2010. Using such composite reinforcement
technique has valuable gains throughout controlling the extent and width of cracks of concrete
members which will lead to reduce the deflection of the members.

2. RESEARCH SIGNIFICANCE

In this paper, cracking, deformation and ultimate capacity of two spans continuous concrete
beams reinforced with mild steel only and partially prestressed reinforcement will be
investigated. The effect of using different prestressing level and prestressing area in negative
moment regions of continuous prestressed beams on the flexural behavior of such beams at
serviceability and ultimate stages is studied.

3. TEST PROGRAM

Six (200x310mm) cross section continuous concrete beams having length of (4550mm) were
tested under two point's monotonic loading until failure. Two beams reinforced with ordinary
steel reinforcement and having ultimate failure capacity corresponding to both beams having one
or two strands, respectively. Two beams partially reinforced with one (12.7mm) prestressing
steel strand with two prestressing levels and ordinary steel reinforcement and two beams
partially reinforced with two (12.7mm) of (1860MPa) ultimate tensile strength prestressing steel
strands with two prestressing levels and ordinary steel reinforcement. For shear reinforcement,
all beams reinforced with (10mm) stirrups spaced at (100mm) through the entire length of the
beams. Table 1 shows the reinforcement details for all beams and Fig. 1 and Fig. 2 show the
cross section and elevation of all tested beams. The designed cylindrical compressive strength of
the continuous beams is (35MPa) at (28) days. Table 2 shows the concrete properties of the
continuous beams at the time of test. The development of prestressing stress for each strand in
concrete beams is shown in Table 3. Normally reinforced beams were designed according to
ACI-318 Code to have equal theoretical ultimate capacity corresponding to partially prestressed
beams, while the partially prestressed beams were analyzed using strain compatibility method.
Concrete beams test was conducted in the Structural Laboratory of the Civil Engineering
Department, at the College of Engineering, University of Al-Mustansiriyah.

4. INSTRUMENTATION

Four dial gauges of (0.01mm) accuracy with (50mm) travel length were used to measure the
deflection under point load and at mid-span of each side. Different sizes of pre-wired strain
gauges of (120Q2) resistance, made in Japan by TML Company are used in this study. Two
(2mm) strain gauges are placed on each strand at middle support. Three (5mm) strain gauges are
placed on steel bars at both sides of tension zone under load points and at tension zone at middle
support. Four (60mm) strain gauges are placed on concrete surface at compression steel level
under point load and at (40mm and 80mm) from the bottom face of the beam at middle support.
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Six rows of demec points are placed on concrete surface under point load at the right side of the
beam at (50, 100, 150, 200, 250 and 300mm) from the bottom face of concrete beam, as shown
in Fig. 3. Crack width is measured using special tool made of a set of thin steel plates with
specific thickness, concrete surface divided to square cells of (50x50mm) to allow for measuring
crack propagation at loading stages. Test setup photo shown in Fig. 4. One concentrated load
was applied on each of the two spans at distance of (725mm) from the center support.

5. ANALYSIS OF TEST RESULTS
5.1 Load Deflection Relationship

Load deflection (P-A) curves of tested beams under left load point are shown in Fig. 5 to Fig.
7. Fig. 5 shows that the increasing of prestressing level in beam (B2) lead to decrease the
deflection by (3.60%) at loading level of (0.5Pu) compared with beam (B3), and decreased by
(7.31%) compared with beam (B1), at same loading level, the deflection of partially prestressed
beam (B3) which has the lowest prestressing level decreases by (3.85%) compared with
normally reinforced beam (B1). The used beams numbering is same as what mentioned in the
original thesis.

Deflection curves at load point in Fig. 6 shows that when increasing the prestressing level in
the partially prestressed beams having two strands, the deflection of beam (B11) decreases by
(32.49%) at loading level of (0.5Pu) compared with partially prestressed beam (B12) and by
(46.15%) compared with normally reinforced beam (B10), at the same loading level, the
deflection of partially prestressed beam (B12) which has the lowest prestressing level decreases
by (20.24%) compared with normally reinforced beam (B10).

Fig. 7 shows the deflection at left load point of partially prestressed beams, the figure shows
that increasing the number of strands in partially prestressed beam (B11) lead to decrease the
deflection at load point by (44.81%) at load level of (0.5Pu) compared with partially prestressed
beam (B2) having one strand with same prestressing level, and for the same reason, the
deflection of beam (B12) decreases by (21.20%) compared with partially prestressed beam (B3).

From the last two figures, it can be seen that the (P-A) curves of partially prestressed beam
(B11) and (B12) reinforced with two strands having two portions only, without yielding and the
flat part after yielding, this may be attributed to that the tension steel reinforcement were not
yields due to the shear failure type of these beams compared with beams (B2) and (B3). It is
agreed that the shear failure causes change in the deflection curve when occurs, for these two
beams, the shear starts to participate in the beams deflection at stages earlier than the final
stages, this participation were steadily occurred with load increments and did not happen
suddenly. Figures show also that beam (B11) has higher deflection than beam (B12) where at the
lower loading level the beam (B12) experienced higher deflection after cracking load of
(170kN), this may be attributed to the opposite effect of higher prestressing level applied on the
compression zone of the section at load point.

5.2 Strain in Steel Reinforcement and Concrete
5.2.1 Strain in steel reinforcement

Tensile strain in mild steel reinforcement at tension zones of left load point and middle
support of tested beams are shown in Fig. 8 and Fig.9 while the tensile strain increments in
seven wire steel strand at tension zone of middle support are shown in Fig. 10.

Fig. 8 shows the mild steel strain at left load point taking the influence of increasing number
of strand in beams (B11) and (B12) reinforced with two strands compared with beams (B2) and
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(B3) reinforced with one strand and having same prestressing level of corresponding to beams
(B11) and (B12) respectively, and compared with equivalent normally reinforced beams (B1)
and (B10).

It can be seen from this figure that the (P-¢) curves approximately coincide up to the cracking
of concrete covers of beams having less reinforcement area. These beams show more noticeable
change in the curve slope at cracking and the strain increased in higher rate compared with
beams reinforced with higher amount of reinforcement. Beams (B10), (B11) and (B12) show
higher beam cracking load compared with beams (B1), (B2) and (B3) at both mid-spans and
center support although that beams (B11) and (B12) were expected to have lower cracking load
at mid-spans due to the opposite effect of prestressing force, these beams shows also less rate of
strain increasing after beam cracking and shows less noticeable change in the curve slope at
cracking.

Continuous concrete beams (B10), (B11) and (B12) shows higher ultimate failure load
compared with beams (B1) (B2) and (B3) without yielding of flexural steel reinforcement at
failure due to the fact that these beams failed in shear.

It can be seen from this figure, that when increasing the amount of reinforcement in normally
reinforced beam (B10) the strain decreases by (46.82%) at loading level of (0.5P,), compared
with beam (B1).

In partially prestressed beam (B11) reinforced with two strands and having prestressing level
of (0.7fyy), steel strain decreases by (53.36%) at loading level of (0.5P,) compared with beam
(B2) reinforced with one strand having same prestressing level.

Steel strain at load point of beam (B12) reinforced with two strands and having prestressing
level of (0.55f) decreases by (48.22%) at loading level of (0.5P,) compared with partially
prestressed beam (B3) reinforced with one strand having same prestressing level.

When comparing the steel strain at left load point of beam (B11) taking the influence of
prestressing level compared with (B12), increasing the prestressing level of (B11) lead to
decrease the mild steel strain by (37.19%) at loading level of (0.5P,) compared with beam (B12),
while it decreased by (46.61%) compared with normally reinforced beam (B10) having
equivalent amount of reinforcement.

Fig. 9 shows the steel strain at center support, the same behavior can be seen compared with
load point strain in Fig. 8 at cracking and ultimate points except that it shows higher strain at
entire loading stages compared with load point due to the higher moment applied on the sections
at center support, it has to be mentioned that the strain gauge reading of beam (B11) at center
support were missed from the figure where the strain gauges failed before the test.

It can be seen from this figure, that when increasing the amount of reinforcement in normally
reinforced beam (B10) the strain decreases by (41.8%) at loading level of (0.5P,) compared with
beam (B1).

Steel strain at center support of beam (B12) reinforced with two strands and having
prestressing level of (0.55f,) decreases by (39.2%) at loading level of (0.5P,) compared with
partially prestressed beam (B3) reinforced with one strand having same prestressing level.

Steel strain at center support of beam (B12) increases by (40.63%) at loading level of (0.5P,)
compared with normally reinforced beam (B10).

Fig. 10 shows the strain increments in center support steel strands of beams (B11) and (B12)
having two strands with different prestressing level compared with beams (B2) and (B3) having
one strand with same prestressing level corresponding to beams (B11) and (B12), respectively.

The figure shows that the beam cracking load of (B11) and (B12) were much higher than
beams (B2) and (B3) and the strain values are much lower at entire loading stages, it can be seen
that when concrete cover of beams (B11) and (B12) cracks, at different loading level, strand
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strain increased rapidly followed by tension stiffening at load of approximately (250kN) lead to
significantly decrease the strand strain until failure compared with partially prestressed beam
(B2) and (B3) reinforced with one strand. The figure shows also that the strand strain of beams
(B11) and (B12) coincide until beam cracking, then after, unexpectedly, the strain curve of beam
(B11) becomes more flatter until load of (250kN) lead to have higher strain compared with beam
(B12), figure shows also that strand strain were not reached the yielding in both beams.

Fig.10 shows that when using two strand in beam (B11) lead to decreases the strand strain by
(41.41%) at loading level of (0.5P,) compared with partially prestressed beam (B2) having same
prestressing level and one strand, and the strain in beam (B12) decreased by (56.69%) at loading
level of (0.5P,) compared with partially prestressed beam (B3) having same prestressing level
and one strand. It can be seen also that the increasing of prestressing level in beam (B11)
compared with beam (B12), both beams reinforced with two strands, the strain increases by
(11.25%) at loading level of (0.5P,).

It has to be mentioned that Fig.10 shows only the strain occurred due to external load, when
summing these strain increments values with effective pre-strain, can be noted that the strand
tensile strain at ultimate failure loads were (99.64%), (107.28%) of beams (B2) and (B3),
respectively, while the strands strain at ultimate were (76.29%), and (63.62%) of beams (B11)
and (B12), respectively, from strand ultimate tensile strain, this came from the fact that these
beams failed in shear.

5.2.2 Strain in concrete

Fig. 11 shows the concrete strain (P-¢) curves at right load point taking the influence of
increasing number of strand in beam (B11) reinforced with two strands comparing with beam
(B2) reinforced with one strand and having same prestressing level of (0.7f,), and beam (B12)
reinforced with two strands compared with beam (B3) reinforced with one strand and having
same prestressing level of (0.55fy),, and compared with equivalent normally reinforced beams
(B10) and (B1).

It can be seen from this figure that the (P-¢) curves slopes have noticeable change occurred at
beams cover cracking load then the strain increased in higher rate in beams reinforced with less
amount of reinforcement. Beams (B10), (B11) and (B12) shows higher beam cracking load
compared with beams (B1), (B2) and (B3, respectively.

Continuous concrete beams (B10), (B11) and (B12) shows higher ultimate failure load
compared with beams (B1), (B2) and (B3) without yielding of flexural steel reinforcement at
failure due to the fact that these beams failed in shear.

It can be seen from this figure, that when increasing the amount of reinforcement in normally
reinforced beam (B10) the concrete strain decreases by (15.61%) at loading level of (0.5P,)
compared with beam (B1).

In partially prestressed beams (B11) and (B12) reinforced with two strands and having
prestressing level of (0.7f,) and (0.55f,y), respectively, concrete strain decreases by (51.82%)
and (41.21%) at loading level of (0.5P,) compared with beams (B2) and (B3), respectively,
reinforced with one strand having same corresponding prestressing level.

When increasing prestressing level in beam (B11), concrete strain decreased by (23.21%)
compared with beam (B12) and the concrete strain decreases by (6.30%) in beam (B2) compared
with beam (B3).

When comparing the strain of beams (B11) and (B12) with normally reinforced beam (B10)
having equal amount of reinforcement, concrete strain decreases by (35.09%) and (15.47%),
respectively, at loading level of (0.5Pu).
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5.3 Crack Width, Crack Patterns and Ultimate Loads

Load-cracking width development at center support and right span are shown in Fig. 12 and
Fig. 13, respectively. Concrete covers cracking load with corresponding maximum crack width
at ultimate were presented in Table 4, the cracking pattern were shown in Fig. 14.

Fig. 12 shows beams cracking width with load at center support, the figure shows that at
loading level of (350kN), when increasing the number of strand in beams (B11) and (B12), the
crack width decreased by (100%) and (92.0%) compared with beams (B2) and (B3),
respectively, having one strand. While increasing the amount of reinforcement in normally
reinforced beam (B10) lead to decreases the crack width at center support by (77.78%) compared
with beam (B1).

At same loading level, increasing the prestressing level in beam (B11) leads to decrease the
crack width by (75.0%) compared with beams (B12). At lower loading level of (250kN),
increasing the prestressing level in (B2) lead to decrease the crack width by (20%) compared
with beam (B3).

Fig. 13 shows the crack width at right load point of the same beams, since the beams spans
cracked at lower load level compared with center support, hence, the load of (250kN) will be
used again in comparison. The figure shows that using of two strands in beam (B11) lead to
decrease the left span crack width by (83.34%) at loading level of (250kN) compared with
partially prestressed beam (B2), while increasing the prestressing reinforcement in beam (B12)
decreases the crack width at load point by (62.5%) at loading level of (250kN) compared with
partially prestressed beam (B3), increasing the amount of mild steel reinforcement lead to
decreases the crack width by (83.34%) at loading level of (250kN) compared with partially
prestressed beam (B1).

Increasing the prestressing level in beam (B11) lead to decrease the crack width by (33.34%)
compared with (B12) at load of (250kN).

Fig. 14 shows the crack pattern of beams (B1), (B2), (B3), (B10), (B11) and (B12) at ultimate
load, average crack spacing taken at left span for the flexure cracks of beams (B1), (B2) and (B3)
were (72mm, 75mm, 85mm), respectively, and at center support were (73mm, 67mm, 65mm),
respectively. Beams (B10), (B11) and (B12) were failed in shear before developing the three
hinges mechanism at ultimate. Average crack spacing taken at left span for the flexure cracks
were (110mm, 105mm and 110mm) for Beams (B10, B11 and B12), respectively. At center
support, the crack spacing were (112mm, 105mm and 95mm) for beams (B10, B11 and B12),
respectively.

Normally reinforced beam were designed according to ACI-318 code using ultimate design
method while the partially prestressed beams reinforced beams were designed according to strain
compatibility method. Table 5 represent experimental and theoretical failure loads, theoretical
failure load calculated using elastic analysis of indeterminate continuous beams after using ACI-
Code and strain compatibility method to determine ultimate moment capacities for both normally
reinforces and partially prestressed beams, respectively. Final ultimate loads were determined
using moment redistribution percentage factor (o) in Eqg. (1) and Eq. (3) stated in ACI-Code for
both normally reinforced and partially prestressed continuous beams respectively. Table 5 shows
that all beams failed at ultimate in load higher than calculated load using elastic analysis only,
after applying recommended moment redistribution percentage, calculated loads show more
agreement and consistency with experimental failure load for all tested beams.

a = 1000 * & 1)
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& =0.003 (1) )
d /
wp+@(a)—a) )
a<20|1-— Tﬁ% % (3)

6. CONCLUSIONS

1.

Increasing of prestressing level in partially prestressed beams reinforced with one strand
leads to decrease the deflection under load point by (3.60%), while the deflection
decreased by (7.31%) compared with reference normally reinforced beam. When using
two strands the reduction becomes (32.49%) and (46.15%), respectively.

Using two strands in partially prestressed beams showed decreases in the deflection at
load point by (44.81%) and (22.20%) compared with partially prestressing beams having
one strand at prestressing level of (0.7 fp,,) and (0.55 f,y), respectively.

Increasing of prestressing level in partially prestressed beams reinforced with two strands
leads to decrease mild steel strain by (37.19%), while the deflection decreased by
(46.61%).compared with reference normally reinforced beam.

Increasing the amount of prestressing reinforcement showed decrease in mild steel strain
at load point by (53.36%) and (48.22%) compared with partially prestressing beams
having less amount of prestressing reinforcement at prestressing level of (0.7 fy) and
(0.55 fyy), respectively, while at center support, using two strand leads to decrease the
mild steel strain by (39.20%) for at prestressing level of (0.55 fpy).

Increasing the prestressing level leads to decrease center support steel strand strain by
(11.25%) between beams reinforced with two strands, while the steel strand strain
decreases by (41.41%) and (56.69%) for both beams compared with partially prestressing
beams having one strand at prestressing level of (0.7 fyy) and (0.55 fyy), respectively.
Increasing the prestressing level leads to decrease concrete strain by (6.30%) and
(23.21%) for beams reinforced with one and two strands, respectively. Using two strands
leads to decrease concrete strain by (51.82%) and (41.21%) compared with partially
prestressing beams having one strand at prestressing level of (0.7 fy) and (0.55 fp),
respectively.

Increasing the prestressing level leads to decrease center support crack width by (20.0%)
and (75.0%) for beams reinforced with one and two strands respectively. Using two
strands leads to decrease center support crack width by (100.0%) and (92.0%) compared
with partially prestressing beams having one strand at prestressing level of (0.7 f,) and
(0.55 fyy), respectively.

At ultimate load, using ACI-Code recommended moment redistribution factor load to
more agreement between theoretically calculated and experimental loads for both
normally reinforced and partially prestressed beams.

Using higher amount of prestressing reinforcement or increasing the prestressing level to
control the deflection and crack width and to increase the ultimate load capacity is more
effectively cost saving technique than using higher amount of mild steel reinforcement.
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8. NOMENCLATURE

neutral axis depth

allowable percentage of redistribution of support moment calculated by elastic analysis.
reinforcement index for prestressed reinforcement.

reinforcement index for tension reinforcement.

reinforcement index for compression reinforcement.

effective depths of non-prestressed reinforcement.

effective depths of prestressed reinforcement.

equivalent rectangular stress block coefficient.
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Table 1. Continuous beams reinforcement details.

Over center support At mid-span
Beam : '
Symbol A, Aps; A, A, A,
mm’ | mm® | mm®* | mm® | mm?
Bl 625 0
B2 242
228 96.6
B3
228 228
B10 938.8 0
B11 855.9
228 | 199.2
B12

1T

1450mm
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@ sec. a-a @ sec. b-b @ sec. a-a @ sec. b-b

Figure 1. Geometry and reinforcement details of continuous beams (B1 and B10).
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Figure 2. Geometry and reinforcement details of continuous beams (B2, B3, B11 and B12).

Table 2. Concrete properties for tested beams at age of test.

Beam properties
Beam Compressiv |  Splitting Modulus of | Modulus of
Symbol | € Strength. Strength. | Rupture. f,, | Elasticity.
fe: (MPa) | fer, (MPR) (MPa) E, (MPa)

Bl 36.8 3.14 4.01 25373
B2 36.1 3.44 4.27 26319
B3 39.2 3.28 4.13 27599
B10 36.8 3.14 4.01 25373
B11 36.1 3.44 4.27 26319
B12 39.2 3.28 4.13 27599

10
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Table 3. Prestress in beams steel strands.

Journal of Engineering

Pj Jacking Pi Before Pi After Pe Effective
Beam stress, release, release, at time of
Symbol (MPa) (MPa) (MPa) test, (MPa)
B2 1162.29 1149.05 1121 1009.05
B3 936.05 929.64 909.29 820.88
B11l 1175.67 1158.56 1107.37 979.56
B12 907.61 897.79 868.94 780.34
P/2 P/2
4771450mm—i7
o o o » o o i
—1363} 1450 1363 —

A Steel Strand Strain Gauge
= Steel Bars Strain Gauge

& Dial Gauge

== Concrete Strain Gauge

Demec Point

Figure 3. Beams instrumentation and loading details.

Figure 4. Test setup photo.
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Figure 5. Load-deflection curve at load point of beams B1, B2 and B3.
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Figure 6. Load-deflection curve at mid-span of beams B1, B2 and B3.
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Figure 6. Load-deflection curve at load point of beams B10, B11 and B12.
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Figure 6. Load-deflection curve at mid-span of beams B10, B11 and B12.
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Figure 7. Load-deflection curve at Load point of beams B2, B3, B11 and B12.
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Figure 7. Load-deflection curve at mid-span of beams B2, B3, B11 and B12.
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Figure 9. Load-strain relationship of mild steel at middle support of beams B1, B2, B3, B10
and B12.
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Figure 10. Load-strain relationship of steel strand at middle support of beams B2, B3, B11 and
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Figure 11. Load-strain relationship of concrete at load point of beams B1, B2, B3, B10, B11
and B12.
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Figure 12. Cracking width at center support of beams B1, B2, B3, B10, B11 and B12.
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Figure 13. Cracking width under load point at right span of beams B1, B2, B3, B10, B11 and
B12.
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Table 4. Cracking load and maximum crack width at ultimate load.

Beam Crackin Beam Cracking Maximum crack
Load (kN) 9 |Load/ultimate load % = width at ultimate
(Pcr/Pu) < (mm)
§ +— +— g
: ] ] g
S o c o c 3 - g
m c > © c > © © < - Q
< n Q ] n Q = S . = 17)
Q. - %2} o - 2} = (%3] o 9 -
2l egle|l2]lgle|5|elcg| b
= fd <5} =
s 8| &38| % 4 183| =
B1 | 112 | 58 107 |19.82 | 10.26 | 18.93 |565.0( 1.05 | 1.95 | 0.95
B2 | 105 | 116 | 102 |20.19 | 22.3 | 19.61 |520.0| 1.55 | 3.8 15
B3 | 945| 104 | 107 |17.26 | 18.99 | 19.54 |547.5| 3.95 | 3.7 | 2.85
B10 | 170 | 120 | 160 |[24.72 | 17.45 | 23.27 | 6875 | 0.5 0.7 | 0.55
B11| 148 | 196 | 142 [24.76 | 32.8 | 23.76 | 5975 | 0.35 | 05 | 045
B12 | 162 | 170 162 | 27.45| 28.81 | 27.45|590.0f 1.1 | 1.65 | 1.05

Figure 14. Crack Pattern at ultimate load of tested beams.
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Table 5. Experimental and theoretical load capacities for tested beams.

Volume 23 March 2017
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Experimental Theoretical Theoretical Ultimate
Ultimate Ultimate Load, (Pw, Exp/ | Load, P, Cal., using | (P, Exp/
Beam . . L
Set Load, P, Pu, Cal., using | P, Cal.), elastic analysis in Py, Cal),
Exp., elastic analysis, (%) addition to moment (%)
(kN) (kN) redistribution, (kN)
B1 565 513.782 109.97 587.64 96.15
B2 520 402.264 129.27 475.49 109.36
B3 547.5 405.348 135.07 481.89 113.61
B10 687.5 676.419 101.64 676.419 101.64
B11 597.5 537.964 111.07 605.32 98.71
B12 590 543.685 108.52 618.63 95.37
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ABSTRACT

Permanent deformation (Rutting) of asphalt pavements which appears in many roads in Iraq,
have caused a major impact on pavement performance by reducing the useful service life of
pavement and creating services hazards for highway users. The main objective of this research is
investigating the effect of some contributory factors related to permanent deformation of asphalt
concrete mixture. To meet the objectives of this research, available local materials are used
including asphalt binder, aggregates, mineral filler and modified asphalt binder. The Superpave
mix design system was adopted with varying volumetric compositions. The Superpave Gyratory
Compactor was used to compact 24 asphalt concrete cylindrical specimens. To collect the
required data and investigate the development of permanent deformation in asphalt concrete
under repeated loadings, Wheel-Tracking apparatus has been used in a factorial testing program
during which 44 slab samples; with dimensions of 400x300x50 mm; were tested to simulate
actual pavement. Based on wheel-tracking test results, it has been concluded that increasing the
compaction temperature from 110 to 150°C caused a decreasing in permanent deformation by
20.5 and 15.6 percent for coarse and fine gradation control asphalt mixtures respectively. While
the permanent deformation decreased about 21.3 percent when the compaction temperature is
increased from 110 to 150°C for coarse gradation asphalt mixtures modified with styrene
butadiene styrene SBS with 3 percent by asphalt binder weight.

Keywords: modified asphalt, asphalt concrete; Superpave; rutting performance; and wheel
tracking test.
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1. INTRODUCTION

Permanent deformation (rutting) of asphalt pavements has a major impact on pavement
performance. Rutting reduces the useful service life of the pavement. By affecting vehicle
handling characteristics, it creates serious hazards for highway users; two major elements
contribute to asphalt pavement deterioration, the gradual effects of weathering and the action of
vehicle traffic, Huang, 1993 and Pavement Design Manual, 2015.

Early detection and repair of pavement defects is the most important preventive
maintenance procedure. There are five areas of distress for which guidance is needed: fatigue
cracking, (wheel path) rutting, thermal cracking, friction, and moisture damage, all of these
distresses can result in loss of performance, but rutting or permanent deformation is one of
distress that is most likely to cause a sudden failure as a result of unsatisfactory hot mix asphalt
or asphalt mixture, other distresses are typically long term failures that show up after a few
years of traffic, Ishai, and Craus, 1996.

Recently, Superpave has been reported as an improved system for performance based
design, analysis of asphalt concrete mixes and asphalt pavement performance prediction. It is a
structured approach consisting of selection of materials, selection of design aggregate structure,
asphalt binder content, and evaluation of moisture susceptibility, Khan, and Kamal, 2012.

In Iraqg, the severity of rutting has been increased in asphalt pavements possibility due to
the increase in truck axle loads, tire pressure, and high pavement temperature in summer, as
shown in Fig. 1.

2. RESEARCH OBJECTIVE

The main objectives of the research is to study the main factors affecting rutting in
asphalt concrete mixture in Irag such as; mix properties, types of filler, loading and temperature
conditions by using Superpave mix design system and study the effect of additive on the
improvement of asphalt concrete mixes against the permanent deformation .

3. LABORATORY TESTING
3.1 Material

To meet the objectives of this research, available local materials were used including
asphalt binder, aggregates and mineral filler. Asphalt binders (40-50 or PG 64-16) was obtained
from Al-Daurah refinery in Baghdad and the aggregate from Al-Nibaie quarry in north of
Baghdad whereas the mineral filler was brought from lime factory in Karbala Portland cement
is from Kubbesa factory which was obtained from market. The aggregates are sieved and
recombined in the proper proportions to meet the wearing course gradation as required by
SCRB specifications, 2003. A 19 mm aggregate maximum size gradation is used in this
research. The fractions of aggregate are separated into 9 sizes, as retained on each of the
following sieves, 3/4", 1/2", 3/8", No.4, No.8, No.16, N0.30, No.50, and No. 200) using dry
sieve analysis. Mineral filler (Limestone, Portland cement) has been added according to the
desired gradations requirements. The gradation curve for the aggregate is shown in Fig. 2; four
lines are presented: the upper , the lower curves of the Iragi specifications of SCRB in addition
to the controls points of Superpave system, Table 1 shows the physical prosperities of asphalt
binder .
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In this research the Superpave mix design system was adopted with varying volumetric
composition. The Superpave Gyratory Compactor was used at the NCCLR to prepare 24
asphalt concrete cylindrical specimens for carrying out volumetric design according to
Superpave system, AASHTO Designation: T 312-2010. The optimum asphalt content for the
selected asphalt binder and selected aggregate gradation was 4.6 percent for conventional
coarse asphalt mixtures, while it is about 4.9 percent for SBS modified asphalt mixtures.

3.2 Sample Preparation

The roller compacter apparatus can compact asphalt slabs to a target density using loads
per unit roll width about 5-10 ton, which are consistented to those of pavements rollers used in
the highway construction. The roller compactor provides a pneumatically powered means of
compacting slabs of asphaltic material in the laboratory under conditions, which simulate in-
situ compaction.

In this research, compacted asphaltic slabs for rutting testing are prepared at air voids
equal to (4%) using Roller Compactor Device at NCCLR according to (EN12697-Part 33:2003)
and Superpave system, AASHTO Designation: T 312-2010. The dimensions of the compacted
slabs used in this work are of (400 mm by 300 mm by 50+6 mm) as proposed by EN 12697-
Part 22:2003.

Proportion of aggregate and asphalt binder are used for mixing, curing, and compacting.
The aggregate retained on the 3/4" sieve is discarded. Mineral filler (Limestone) and cement
have been added according to the desired gradations requirements. The aggregate is combined
into batch of (13400 gm for slab specimen) on the mixing bowl and heated to the mixing
temperatures prior to mixing with asphalt binder which heated to the mixing temperatures
corresponding to each binder, as shown in Fig. 3.

For the modified binder preparation, the asphalt cement for convention mixture is heated
in the factory oven to the temperature of mixing prior to adding the specific 3 percent amount
of SBS additive, this percent is chosen according to previous researches prepared by the
Ministry of Industry and Minerals, it is preheated in an external oven until liquid at 180 °C, the
desired weight of additive which is determined by multiplying it's percent by the required
weight of asphalt content was added gradually and mixed until getting homogenous binder.

The aggregate and asphalt are mixed in mixing bowel on hot plate for three minutes until
asphalt had sufficiently coated the surface of the aggregates or until a homogeneous mixture is
achieved, as shown in Fig. 4 . The asphalt-aggregate mixture is then short term oven aged for
2hrs at 135°C for the determination of the maximum specific gravity and 4hrs at the same
temperature for compaction in according with Asphalt institute, 1996. This aging represents
the aging that occurs in the field between mixing and placement and allows for absorption of
the asphalt binder into the aggregate pores. The mix is stirred every 30 minutes during the
short-term aging process to ensure uniform aging throughout the mix.

Compaction is then performed using the Roller Compactor in accordance with EN 12697-
33, the mold and the plates are heated in the oven at the specified compaction temperature to
ensure that the mix temperature is not reduced. The load is from 7-10 KN which applied on the
specimens to achieve proper compaction and sufficient air voids, as shown in Fig. 5 and Fig. 6.
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3.3 Wheel-Tracking Testing

The Pavement Wheel Tracker is a device for testing the wear ability of asphalt mixes by
simulating roadway conditions, the test is performed according to EN 12697-22, 2003 and
AASHTO Designation: T 340, 2010. The test provides information about the rate of
permanent deformation from a moving, concentrated load. It uses a Linear Value Displacement
Transducer (LVDT’s) to measure the deformation of the specimen. The loaded wheel applies
about 700 N (158 pounds) of load at contact points and passes repetitively over the sample for
up to 10,000 cycles. Test results are compiled in a Microsoft Access database application which
provides several means of reporting results.

Wheel-tracking machine ; as shown in Fig. 7; is constructed so as to enable the test
specimen in its cradle to be moved backwards and forwards under the loaded wheel in a fixed
horizontal plane. The center-line of the tire track is (5 mm) from the theoretical center of the
specimen. The center of the contact area of the tyre describes a simple harmonic motion with
respect to the center of the top surface of the test specimen with a total distance of travel of
(230+£10) mm and a constant loading frequency of (26.5+1.0) load cycles per 60 seconds for the
test device in approximately 10,000 load cycles or 20 mm maximum allowed deformation is
reached.

The experiment design for the permanent deformation testing is a full factorial with; two
asphalt contents, three compaction temperatures, two asphalt types: original and modified with
SBS and two types of gradations, resulting in a nominal total of 24 slab tests.

The compacted specimens, which are 30 cm in width, 40 cm in length and 5 cm in height,
are cooled to room temperature for a period of 24 hours in accordance with (EN-12697-22).
The specimens are placed in mold and then placed in on the carriage table of WTD for testing.
The specimens in the mold are labeled with information mix type.

The holder of the displacement transducer is disengage and reference plate is adjust in
order the transducer probe is compressed approximately 70% of its total travel. This allowed
having sufficient travel available to measure the track formation on the sample. Starting the
software, supplied with the machine, and entering the required test information into the
computer. The testing device automatically stops the test when the device applies the number
of desired passes or when reaching the maximum allowable rut depth, as shown in Fig. 8.

If the maximum allowed deformation is reached before 10,000 passes, the wheel is lifted
off the failed sample. Test results are compiled in a Microsoft Access database application
which provides several means of reporting results.

Finally at the end of the test the arm will return automatically to its upper position while
the display will show the results of the test which can be saved in the archives and/or
transmitted to an external computer.

4. RESULTS AND ANALYSIS

Permanent deformation and vertical permanent strain (¢p) were measured at testing
temperature  of 40°C, and frequency level 53 passes per minute, and two selected
compaction temperatures of 110°C and 150°C and two asphalt contents are used and two types
of gradation with two types of filler are used , SBS polymer was used as modifier to asphalt
binder .

4.1 Effect of Compaction Temperature

This research investigates the influence of compaction temperature on coarse and fine
asphalt mixes for modified and unmodified binders.
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For this, Superpave mix designs for two compaction temperatures of 110 °C and 150 °C
and two asphalt binders (control, 3% styrene butadiene styrene (SBS) modified) were carried
out. A total of 24 specimens were manufactured with a short-term aged for 2 h at the mixture
compaction temperatures prior to test.

Fig. 9 shows effect of compaction temperature on Permanent deformation (i.e. rut depth,
RD). It can be seen that permanent deformation decreased when compaction temperature
change from 110 to 150 °C as shown in Table 2. It can be related to shear susceptibility of
mixtures and it's sensitive to temperature changes. The rut depth (RD) decreased about 20.5 and
15.6 percent when the compaction temperature is increases from 110 to 150 °C for coarse and
fine gradation control asphalt mixtures respectively as shown in Fig. 9. While the rut depth
(RD) decreases about 21.3 percent when the compaction temperature is increases from 110 to
150 °C for coarse gradation SBS modified asphalt mixtures as shown in Fig. 10.

The results from this study showed that the compaction temperatures significantly
affected the volumetric properties of the SBS modified mixes. The mixtures containing SBS-
modified binders, the rut depth decreased by 21.3 percent and the air-void contents
significantly decreased with an increase in compaction temperature because the binder in
modified asphalt mixtures is stiffer than in conventional mixtures; therefore, there is a need for
a higher compaction temperature

4.2 Effect of Asphalt Content

Based on the data shown in Fig. 11 to 13, it appears that the examined asphalt content has
influence on the plastic response of the material. The plastic strain is increased with the
increases in asphalt content from optimum AC to opt. +0.5 percent asphalt content for
conventional and modified asphaltic mixtures. For (RD) value, it can be found that it increases
about 10.6 percent when asphalt content increases from 4.6 to 5.1 percent for conventional
coarse asphalt mixture, while it increased about 8 percent when asphalt content from 4.9 to 5.4
percent for SBS modified asphalt mixture, as shown in Table 3.

It can be concluded for Superpave mixtures, the total asphalt content plays an important
significant role in controlling overall rutting resistance of the conventional and modified
asphaltic mixtures, i.e. rutting performance is highly influenced by total asphalt content , voids
in mineral aggregate (VMA), voids filled with asphalt , (VFA), and dust-to-binder ratio.

4.3 Effect of Aggregate Gradation

Aggregate presents major portion of asphalt concrete. It was found that researchers have
come to different conclusions with regard to the effect of aggregate gradation on resistance to
rutting of asphalt mixtures.

Two gradations of aggregate that are typically used to produce hot mix asphalt in Iraq were
used in this research. They are: coarse and fine gradation, one of them passing below the
restricted zone (on the Superpave gradation chart) and the other above the restricted zone.
Fig.14 shows the results showed effect of aggregate gradation of mixture on permanent
deformation, it concluded that rutting resistance of asphalt paving mixes is affected by the mix
gradation of aggregate. Coarser gradation had higher resistance to rutting from fine gradation of
aggregate by 65.6 percent.

4.4 Effect of Type of Filler

The resistance of asphalt mixture to permanent deformation is related to the stiffness of
asphalt binder, mixture volumetric, and the bonding interaction between asphalt binders and
aggregate. Mineral filler is usually added into asphaltic mixture to stiffen asphalt binder and
improve asphaltic mixture density and strength. These fillers are typically fine powders with
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particle sizes in the range of 0-100 pum, two types of filler were used in this research, there are:
limestone and cement.

However, the properties of mineral fillers of the compacted mixtures can influence on the
permanent strain for conventional and modified mixtures as depicted in Fig. 15. The percentage
of change in in Permanent Deformation is presented in Table 4. It can be observed that the rut
depth (RD) decreases about 23.5 and 30.6 percent when the cement filler is used in asphaltic
mixtures instead of limestone filler for coarse and fine gradation mixtures respectively. The
effect of type of filler on the mixture rutting potential was more significant for the fine mixture
than the coarse mixture.

4.5 Effect of SBS Polymer additive

During the preparation of the samples it was noted that the mixes with the polymer-
modified binder were more difficult to mix and compact. Any cooling of the mix greatly
increases the viscosity of the asphalt and the stiffness of the mix.

In this research, the addition of additive (SBS) polymer tends to improve the mix
properties. In Superpave mix design, the results showed that rutting performance of the
asphaltic samples has improved for the polymer modified cases.

The percentage of change in permanent deformation with Polymers Content is presented in
Table 5. It can be observed that the permanent displacement (RD) decrease about 37.22 and
29.5 percent when SBS polymer is used for coarse and fine gradation mixtures respectively, as
shown in Fig. 16.

Based on the above evaluation, the use of asphalt modified by SBS polymers gives the
coarse wearing course better rutting resistance than the fine gradation of the same asphalt
performance grade.

At the testing temperature of 40° C£5, the asphaltic mixtures appeared to maintain stiffness
levels. However, it should be noted that when SBS polymer modifier is used, the HMA become
stiffer at the high testing temperature. It can be concluded that SBS polymer-modified binder
made the polymer modified mixtures stiffer than control mixes with unmodified asphalt binder
at high temperature.

5. CONCLUSIONS
Considering all results of laboratory tests and analysis, the following conclusions are presented:
1- Wheel-track permanent deformation results for asphaltic wearing course mixes indicate
that increasing of compaction temperature from 110 to 150 °C will decrease the
permanent deformation by 20.5 and 15.6 percent for coarse and fine gradation control
asphalt mixtures respectively. While the rut depth (RD) decreases about 21.3 percent
when the compaction temperature is increased from 110 to 150 °C for coarse gradation
SBS modified asphalt mixtures.
2- The permanent deformation is increased with the increases in asphalt content from
optimum AC to opt. + 0.5 percent asphalt content for conventional and modified
asphaltic mixtures. For (RD) value, it can be found that it increases about 10.6 percent
when asphalt content increases from 4.6 to 5.1 percent for conventional coarse asphalt
mixture , while it increased about 8 percent when asphalt content from 4.9 to 5.4 percent
for SBS modified asphalt mixture
3- Wheel-track permanent deformation results showed effect of aggregate gradation of
mixture on permanent deformation, it concluded that rutting resistance of asphalt paving
mixes is affected by the mix gradation of aggregate. Coarser gradation had higher
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resistance to rutting from fine gradation of aggregate by 65.6 percent for conventional
asphalt mixtures.

The permanent deformation decreases about 23.5 and 30.6 percent when the cement filler
is used in asphaltic mixtures instead of limestone filler for coarse and fine gradation
mixtures respectively. The effect of type of filler on the mixture rutting potential was
more significant for the fine mixture than the coarse mixture.

The permanent displacement (RD) decrease about 37.22 and 29.5 percent when SBS
polymer is used for coarse and fine gradation mixtures respectively. Based on the results,
the use of asphalt modified by SBS polymers gives the coarse wearing course better
rutting resistance than the fine gradation of the same asphalt performance grade.
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NOMENCLATURES
Term Meaning
NCCLR National Center for Construction Laboratories and Researches

NCHRP Cooperative Highway Research Program
SBS Styrene-Butadiene-Styrene
Superpave Superior Performing Asphalt Pavement
Figure 1. A Plate shows Rutting Occurring in Pavements.
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Figure 2. Selected Gradation for Aggregated Used.
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Figure 7. Slab under compaction effort. Figure 8. Slab under loaded Wheel during
testing.
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Figure 9. Effect of Compaction Temperature of control mixtures
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Table 1. Properties of Asphalt Cement, according to ASTM Requirement and Iraqi
Specifications.

Penetration grade
AETY 40-50
Test Test Conditions Designation Units Test siBB .
results speunlcatlo
Penetration DG, 25, D-5 LA 45 40-50
5 sec., (0.1mm) mm
i 135°C 0.52
Rotational D-4402 | Passec. || ...
Viscometer, 165 °C 0.13
Ductility 25°C, 5 cm/min D-113 cm >100 >100
Flash Point | ... D-92 °C 289 Min.232
Specific Gravity 25°C D-70 | ...... 1.043 | ...
Softening Point (4+£1) °C/min. D-36 °C 49 | .
Residue from thin film oven test, D-1754
%Retained 0
penetration, of (@87, 10 D-5 LAY 67.4 >55%
- gm, 5 sec) mm
original
Mass loss e g’hfogm’ D-1754 % 0.38 <075
i 0
DUCtI!Ity of 25°C : 5 D-113 cm >100 > 25
Residue cm/min

Table 2. Percentage of Change in Permanent Deformation with
Compaction Temperature.

Rut Depth , mm

Effect of Temperature,

110° to 150 °C (%)

Coarse gradation Fine gradation
Control asphalt Mixtures -20.5 -15.6
Modified asphalt Mixtures -21.3 -
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Table 3. Percentage of Change in Permanent Deformation
with Original Asphalt Content.
Effect of Asphalt Content

Variable 46% to 5.1% 49% to 5.4 %
Original Asphalt Content Modified Asphalt Content
Rut Depth , mm 10.6 8.0

Table 4. The Change in Permanent Deformation with Type of Filler.

Effect of Type of Filler , %
From (lime) to (cement)
Coarse gradation -23.5
Fine gradation -30.6

Rut Depth , mm

Table 5. Percentage of Change in Permanent Deformation with Polymers Content.

Effect of Polymer (SBS) Content (%)
Variable
Coarse gradation Fine gradation
Rut Depth , mm -37.22 -29.5
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ABSTRACT

T he non-isothermal crystallization kinetics and crystalline properties of nanocomposites

poly butyleneterephthalate, [PBT] /multiwalled-carbon nanotubes (MWCNTS) were tested by
differential scanning calorimetry (DSC). PBT/(MWCNTS) nanocomposite was prepared by
ultrasonicated of MWCNTSs (0.5, 1, 2, 4 wt %) in dichloromethane (DCM) and after that the
powdered PBT polymer was added to the MWCNTSs solution. The non-isothermal crystallization
results show that increasing the MWCNTS contents, decreased the melting temperature (Tm) of
PBT/(MWCNTSs) nanocomposite as compared with pure PBT, while resulting in improving the
degree of crystallinity. These results indicated that a little amount of MWCNTSs can be evident
strong nucleating agent in PBT nanocomposites. Avrami kinetics model results given a good
agreement with the frequent investigation. The Kissinger method shows the MWCNTSs had a
well nucleation effect on the crystallization of PBT, and the enhancement activation energy (Ea)
with increased the MWCNTSs in PBT/ (MWCNTS) nanocomposite.

Keywords: crystallization, kinetics, poly (butyleneterephthalate), carbon nanotubes,

nanocomposites
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1. INTRODUCTION

Poly butyleneterephthalate is a traditional semi crystalline polymer and used in various
engineering and electrical applications such as an insulator and housings, because of high rate of
crystallization, hardness, thermal stability, and extremely good flow properties, Mai, et al.,20086,
Usuki, et al., 2005.

Many researchers have been devoted toward the performance of crystallization and mechanical
properties of PBT such as injection molding, Xiao, et al., 2007, Kim, et al., 2006, with different
nanoparticles including carbon nanotube (CNT), Kim, et al., 2009, Rejisha, et al., 2017, organic
clay Saeed, and Khan, 2015, Chang, et al., 2005, etc. The importance of the use of carbon
nanotubes (CNT) in new types of nano scale polymer appeared where it adds enhancements for
exceptional properties with high balanced amounts and little volume.

Carbon nanotubes (CNT) have been discovery by lijima, 1991. Three types of nanotubes can be
considered of minor importance which are: 1- single-walled carbon nanotubes [SWCNTSs], 2-
multi-walled carbon nanotubes [MWCNTS] and 3- double-walled carbon nanotubes [DWCNTS].
A multiwall carbon nanotubes (MWCNTSs) are made up of various layers of carbon tubes having
a common axis, with diameters from (10 — 50) nm and length above than 10 mm.

A well dispersed and entrenched were observed by functionalized carbon nanotubes (FCNT)
inside PBT polymer by solution casting technique, which consequently led to make efficient
properties of the nanocomposite such as the mechanical and thermal ones when compared with a
neat PBT, Saeed and Khan, 2014.

Rejisha, et al., 2014. evaluated the action of (MWCNT) on the properties of poly
butyleneterephthalate(PBT)/polycarbonate (PC) blends. The authors showed that small amount
of MWCNT shows better rise in the properties of the blends of PBT/PC nanocomposite when
compared to nanoclays or inorganic fillers.

Recently, solution casting technique was used to get (kaolin clay/PBT) composites films by
Saeed, and Khan, 2015.The product showed that the supplements of clay polymer matrix were
significantly better on the module and tensile strength of [PBT] polymer matrix, and when
combination of clay into matrix, the dimensions of sphere ulites of PBT were reduced.

In the present work, the effect of MWCNTs on the crystalline properties of PBT was
investigated. In addition, the non-isothermal crystallization Kkinetics behaviors of PBT/
(MWCNTS) nanocomposite were carried out using differential scanning calorimetry (DSC).

2. EXPERMENTS
2.1 Materials

The PBT was purchased from (Shenzhan Plastic Company China). The Multi walled carbon

nanotubes (MWCNTS) (purity >95 %) was supplied from Shenzhen Company. The solvent
dichloromethane (DCM) was obtained by Merc Company.
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2.2 Sample Preparation

The different weight percentage of MWCNTSs solution (0.5 - 4 wt %) was prepared by
adding MWCNTSs to dichloromethane and ultrasonicated with ultrasonic cleaning bath for 90
min at ambient temperature. After that the PBT polymer was added to prepare MWCNTSs
solution. Finally, the produced PBT/(MWCNTS) nanocomposite was stirred at 1500 rpm for 30
min.

2.3. Differential Scanning Calorimetry (DSC)

Differential Scanning Calorimetry (DSC) is a primary technique for measuring the PBT/
(MWCNTSs) nanocomposite crystallinity and melting points. The DSC test is proceeding under
the gas flow rate of nitrogen with a heating rate about 20 °C/min using SETARAM, 131 EVO,
France instrument as shown in Fig. 1. Through the test, the variance for heat flow between the
sample and reference is registered by a computer. Depending on the DSC operating conditions,
the test is held for about 1 hour. When making changes in phase are detected, where the
exothermic changes such as crystallization, cross-linking and oxidation represented the upward
peak while the endothermic changes such as glass temperature (Tg) and melting temperature (Tr)
represented the downward peak on the DSC diagram.

3 REUSELTS AND DISCUSSION
3.1 Non-Isothermal Crystallization Method

Non-isothermal crystallization kinetics as well as crystalline behavior of PBT/MWCNTSs
nano composite were scrupulous by utilized (DSC) test at a given heating and cooling rates.
From (DSC) tests, the parameters for the melting enthalpy (AHy,), peak for the crystallization
temperature (Tp) and for the melting temperature (Tr) can be obtained.

The crystallinity percentage (Xc) can be calculated from:

AH,,
m x 100 (1)

X. =

The theoretical value for the heat of fusion for 100 % crystal PBT (AH°=140 J/g) was
acquired and listed in Table 1, Sabu T. and Visakh P. 2011.

The DSC curves for virgin PBT as well as PBT/MWCNTSs nanocomposites are illustrated in
Fig. 2 (a and b). It is obvious that the peak crystallization temperature (Tp) of virgin PBT at 190
°C, while the Tp for PBT/MWCNTSs nanocomposite has moved to a high temperature (200-203
°C). These results indicate that the MWCNTSs represent professional nucleating agent for the
PBT nanocomposite crystallization rate as compared with the virgin PBT polymer.

Fig. 2-b depicts the second scan DSC for the virgin PBT as well as PBT/MWCNTSs nano
composites samples. It was found that increasing the MWCNTSs contents resulted in melting
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temperature (Tm) decrease as compared with pure PBT. Table 1 shows the result in
enhancement the degree of crystallinity (Xc). In context, it has been revealed that 1 wt%
MWCNTSs gives an 11 % higher crystallinity of PBT/MWCNTSs nanocomposite than its pure
PBT, these resulted specified the appearance of nucleation PBT crystallization in the
nanocomposite, this is due to the interaction between surface treated MWCNTS nanoparticles
and the PBT segments. Saligheh, and Forouharshad, 2011.

In addition, when the stacking of nanotubes is little, the portability of the PBT
macromolecular chains can be improved in this way, the crystallization rate and level of
crystallinity of the PBT samples expanded, when the substance of nanotubes expanded, the
fillers began to hinder the activation of the PBT macromolecular chains and keep
macromolecular sections from acquiring request arrangement of crystal lattices cross sections.
Hence, the fuse of a little amount of MWCNTSs could adequately upgrade the crystallization of
the PBT nanocomposite through heterogeneous nucleation, Saligheh, and Forouharshad, 2013.

3.2 Crystallization Kinetics Model
The crystallization kinetics analyzing for the polymer materials can be demonstrated by

Avrami model. Relative crystallinity (X;) can be connected with crystallization time (t) by the
suggested model, Fanfoni, M. and Tomellini M., 1998:

1 —X; = exp(—Kt") (2)
Or,
In(—In(1 - X;)) = (nlnt) + (InK) 3)
Where dH/dt is enthalpy rate and equation (4) can be used to calculate X;:
t /dH * rdH
X(t) = jo <E) dt / jo (E) dt 4)

Accordingly, figure (3) shows the relation of relative crystallinity with crystallization time
of pure PBT as well as PBT/MWCNTs nanocomposites. It seems that the PBT/MWCNTSs
nanocomposites require less crystallization time to approach the same relative crystallinity at
different rates of cooling as compared with pure PBT.

Fig.4 shows the relation of In (-In(1-Xt)) with In(t) of the pure PBT as well as
PBT/MWCNTSs nanocomposites according to equation (3) will give the slope (n), the Avrami
index, and the intercept, In(K). Table (2) shows the kinetic parameters for the samples of the
nano composites. The parameter of Avrami index (n) describes the growing mechanism and
geometry of crystallization, and the parameter In(K) describes the growth rate under the non-
isothermal crystallization process.

From Table 2, it can be seen that the Avrami index (n) values for pure PBT are larger than
that of PBT nanocomposites. Similar values were also reported by some researchers for PBT
within the range of (3.0 —4.0). Apparently, the (n) value decreases with the MWCNTSs content
which shows that MWCNTSs nanoparticles gives a good nucleating agents for PBT, Hu,et al.,
2008.
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3.3 Activation Energy For PBT/MWCNT Nanocomposites

The thermal dynamic examination will provide the data of polymer intraparticles. Kissinger
strategy may be the ultimate regularly utilized, through the activation energy of non-isothermal
crystallization that can be effectively gained, Kim, 2011.

The equation below shows the fundamental form of Kissinger equation, where (B) the
cooling rate, (T,) the peak temperature, (Ea) the activation energy and (R) the gas constant.
Zhiying et al., 2014.

| B\ ) Ea 5
n 12 = const. RT, (5)

Fig. 5 shows the test of Eq. (5) by plotting In(B/Tg) with (1/T;). From the straight line and taking
the slope, Kissinger activation energy (Ea) for PBT-MWCNTs nanocomposites can be
determined. The Ea values for PBT-MWCNTSs nanocomposites at different MWCNT nano
particles are shown in Fig. 6. It is clearly noticed the Ea values of all composites samples are
higher than the pure PBT. It has been revealed that 4 wt% MWCNTSs gives an 10 % higher Ea of
PBT/MWCNTs nanocomposite than its pure PBT. This is a good signale that MWCNTSs
nanoparticles own well nucleation results on the crystallization of PBT/MWCNTSs
Nanocomposites, Kim, et al., 2005.

4 CONCLUSIONS

PBT/(MWCNTSs) nanocomposite has been successfully synthesized by ultrasonicated of
MWCNTs (0.5, 1, 2, 4 wt%) solution in PBT polymer. (DSC) analysis were utilized to
investigate the kinetics for PBT/ (MWCNTS) nanocomposite as non-isothermal crystallization. A
little amount of MWCNTSs can evidently be a strong nucleating agent in PBT nanocomposites.
On other hand, Avrami kinetics model results had given a good agreement with the frequent
investigation and the existence of MWCNTSs in PBT/(MWCNTS) nanocomposite gives an 10 %
higher increases of the activation energy (Ea).
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NOMENCLATURE

Ea = activation energy, kJ/mol.

K =crystallization rate constant, min .

n  =avrami index, dimensionless.
R =gas constant, J/mol. K.
t  =crystallization time, min.

Tg =glass Temperature, °C.

Tm, =melting Temperature, °C.

1

Tp =peck Crystallization Temperature, °C.

Xc =crystallization percentage, dimensionless.

Xt =relative crystallization, dimensionless.

B =cooling rate, °C/min.
AH;,, =melting enthalpy, J/g.

AH® =heat of fusion for 100% crystal of PBT, J/g.

Table 1. Data of PBT and PBT/MWCNTs Nanocomposite for Nonisothermal crystallization.

Cooling rate 5 10 20 40 At
(°C/min) 10 °C/min

Sample T,(°C) Tm, | AHm | X

(°C) | (Vg) | (%)
Neat PBT 190.00 183.50 175.72 165.80 | 224.6 | 50.13 | 35.81
PBT/(0.5 wt%)MWCNTs | 197.02 190.30 182.51 172.02 224 | 53.01 | 37.86
PBT/(1 wt%)MWCNTSs 199.10 192.41 184.80 174.54 | 223.6 | 55.67 | 39.76
PBT/(2 wt%)MWCNTSs 202.00 195.20 187.72 177.18 | 223.8 | 55.55 | 39.68
PBT/(4 wt%)MWCNTSs 205.05 198.37 190.63 180.51 | 223.5 | 54.83 | 39.16
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Table 2. Parameters come by Avrami kinetics model.

Test Samples n Kx10°
Neat PBT 3.0303 0.726854
PBT/ (0.5 wt. %) MWCNTS 2.7504 | 0.941266
PBT/ (L wt. %) MWCNTs 23065 | 5269683
PBT/ (2 wt.%) MWCNTS 1.7968 | 16.05741
PBT/ (4 wt. %) MWCNTSs 1.5786 | 30.09233

Figure 1. DSC SETARAM, 131 EVO instrument.
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Figure 2. (DSC) trace for electrospun PBT/MWCNTSs nanocomposite. (a) Non-isothermal
crystallization for nanocomposite, (b) 2"scans of nanocomposite.
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Removal of Lead (I1) from Aqueous Solution Using Chitosan Impregnated
Granular Activated Carbon
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ABSTRACT

The use of biopolymer material Chitosan impregnated granular activated carbon CHGAC
as adsorbent in the removal of lead ions pb®* from aqueous solution was studied using batch
adsorption mode. The prepared CHGAC was characterized by Scanning Electronic Microscopy
(SEM) and atomic-absorption spectrophotometer. The adsorption of lead ions onto Chitosan-
impregnated granular activated carbon was examined as a function of adsorbent weight, pH and
contact time in Batch system. Langmuir and Freundlich models were employed to analyze the
resulting experimental data demonstrated that better fitted by Langmuir isotherm model than
Freundlich model, with good correlation coefficient. The maximum adsorption capacity calculated
from the pseudo second order model in conformity to the experimental values. This means that the
adsorption performance of lead ions onto CHGAC follows a pseudo second order model, which
illustrates that the adsorption of Pb?* onto CHGAC was controlled by chemisorption. The granular
activated carbon GAC impregnated by Chitosan was effectively applied as adsorbent for the
elimination of lead ions from aqueous solution.

Keywords: adsorption, heavy metal ions, chitosan, granular activated carbon.
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1. INTRODUCTION

Water pollution caused by lead is a universal matter and has received worldwide attention.
Lead is very toxic to human beings, animals, plants, and the general environment. Heavy metals
such as lead, copper, mercury, and zinc in water that's used for drinking purpose can cause severe
health hazards to human being and serious damage to the environment if not treated properly
Kundra, et al., 2012.

Lead is present in low concentration in wastewater and is difficult to remove from water.
Pollutants in industrial wastewater are almost invariably so toxic that the wastewater has to be
treated before its reuse or disposal in water bodies Singh, and Kaushal, 2013. It was found that one-
third of the total water pollution comes in the form of effluent discharge, solid wastes and other
hazardous wastes Lokhande, et al. 2011. Wastewater is contaminated with lead from many
industries such as battery manufacturing processes, metal-plating facilities, mining operations,
paints, pigments, and other industries Bernard, et al. 2013.

Treatment processes for metal contaminated waste streams include chemical precipitation,
ion exchange, membrane separations (ultra filtration, reverse osmosis, electrodialysis) and
adsorption. Natural materials or low cost material from industrial or agricultural operations may
have a potential as inexpensive sorbents for heavy metal removal where, the cost is an important
parameter for the comparison of sorbent materials. Adsorption is considered the simplest and most
cost-effective technique Veres, and Orolinova, 2009 . These low-cost adsorbents include cheap
zeolites, clay, coal fly ash, sewage sludge, agriculture waste, tea waste, rice husk, coconut husk,
name leaves, and biomass Thomas, and Crittenden, 1998; Kumar, et al., 2013; Abdelhamid et al.
2012; Parmar, and Thakur, 2013.

The maximum lead limit for industrial wastewater discharged is 0.1 ppm maximum
concentration according to Iragi regulation 2001 for the preservation of water sources, 2001.

Biopolymers are high potential adsorbents due to their biodegradability, non-toxicity,
efficiency. These are cheap and thus are competitive with ion-exchange resins and activated carbon.
They contain chemically active functional groups that serve as efficient sites to bind metal ions.
Notably, Chitosan has the highest adsorption capacity among the biopolymers. It is a deacetylated
derivative of chitin, the second most abundant organic compound in nature next to cellulose, and is
extracted from the shells of crustaceans. It has several desirable characteristics such as
biocompatibility, biodegradability, renewability, bioactivity, and non-toxicity Juang, et al., 1997;
Varma and Kennedy 2004; Zhoua, and Yangb, 2007. For over a decade, Chitosan has received
considerable attention as an adsorbent for transition metal ions and organic species Annadurai, et
al., 2008. It chelates larger amounts of metal than chitin due to its excellent binding capacity,
mostly attributed to the free amino groups exposed after chitin deacetylation. Moreover, Chitosan is
soft and has a tendency to agglomerate or form gel. It is partially soluble in dilute mineral acids such
as nitric acid (HNO3), hydrochloric acid (HCI), and phosphoric acid (H,PO,) Gyliene, and
Visniakova, 2008; Nomanbhay, and Palanisamy, 2005 , and also soluble in dilute organic acids
such as acetic acid (HAc), formic acid, etc. (Chen, et al., 2008). In recent year, numerous studies of
metal ion adsorption by Chitosan have been performed such as the removal of copper Sag, and
Aktay, 2002, chromium Boddu, et al., 2003, cadmium Evans, et al., 2002, iron Wan, et al., 2005,
nickel, and lead ions from aqueous solution Paulino, et al., 2007.

The objective of this work is to use chitosan impregnated onto granular activated carbon as
low cost adsorbent materials for the removal of lead from aqueous solution. Equilibrium is studying
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and carrying out for batch adsorption lead onto the chitosan impregnated granular activated carbon.
The effect of batch adsorption parameters such as the mass of adsorbent, pH, and contact time had
been investigated and the adsorption isotherms experiments have been interpreted by Langmuir and
Freundlich isotherms.

2. MATERIALS AND METHOD
2.1 Materials
2.1.1 Adsorbent

Chitosan (moderate molecular weight, by Sigma—Aldrich Company) is used as received
without any treatment. The granular activated carbon GAC (Filtrasorb 400, Calgon, Pittsburg, PA)
was dried in the oven at 100 °C and 24 h to elimenate any moisture existing and then kept in an air
tied bottle until use. The physical properties of GAC were examined at laboratory of Cincinnati
University, USA and presented in Table 1.

2.1.2 Adsorbate

Anhydrous lead nitrate salt pp(NOs), was used as pb** metal ions. Analytical-grade of lead
nitrate salt (99% purity, and molecule weight 331.2 g/mol). 1000 mg/l standard stock solution of
lead ions pb®* was obtained by dissolving lead nitrate salt pb(NOs), in deionized water. The
chemicals used in this research are annular grade produced by Sigma—Aldrich company.

2.2 Preparation of Chitosan impregnated over granular activated carbon

Impregnation of chitosan over granular activated carbon CHGAC was done using the
methods of (Wan, et al., 2004) with only slight modifications. “Standard stock solution of the
chitosan was prepared as 10 g/L in 1% (v/v) of acetic acid solution. The granular activated carbon
GAC was soaked in the chitosan solution for 24 h at room temperature. After filtration and washing
with distilled water to remove excess chemicals and reach neutral pH, the adsorbent was immersed
in sodium hydroxide 0.1M solution in order to obtain the adsorbed Chitosan. Finally, the prepared
adsorbent was dried in oven at 80 °C for 6 h and kept in a desiccator until experimental use”.

2.3 Batch Adsorption Experiments
The removal of pb** from aqueous solution onto CHGAC was achieved in a batch adsorption
system. The effect of operating variables on the adsorption process has been studied by:

2.3.1 Effect of Adsorbent weight

The removal of pb2+ from aqueous solution onto CHGAC was performed in a batch
adsorption system. To evaluate the best dosage of the CHGAC for removal of pb?* ions, the
different dosages (5, 15, 25, 50, 75,100, 200, 300, 400 mg) of CHGAC were placed to 50 mL of lead
ions solution pb*". The initial concentration of pb®* solution was maintained at 100 mg/L. All
experiments were carried out at 25°C, pH 7, and 100 mg/L initial concentration of pb®* ion solution.
The desired pH was kept using 1 M HCl and 1 M NaOH. The CHGAC solution was added in bottles
and then shaken for 10 days in a rotary shaker. The agitation speed was fixed at 140 rpm. The
samples were then separated after shaking by filtration employing filter paper. The pb®* ion
concentrations of supernatant were measured by using the atomic-absorption spectrophotometer.
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2.3.2 Effect of pH

The effect of pH on the removal process of lead ions pb®* from aqueous solution onto
biopolymer adsorbent was studied in batch adsorption system. The experiments were conducted to
evaluate the best pH of metal ions solution, the best amount of adsorbent was placed in 50 ml of
metal ions pb®* solution at initial concentration of 100 ppm and desired pH value. The pH of the
initial metal ions Pb?* concentration was varied at 2, 4, 6, 8, and 10. The contents in the bottles were
shaken in the rotary shaker at 150 rpm and 25°C. Then the samples were filtered and the lead ions
pb?* solution concentration of the filtrate was analyzed by the atomic-absorption spectrophotometer.

2.3.3 Effect of time

The effect of contact time for the removal of Pb* onto biopolymer composite was
investigated for varied time range 2h to 10 days. The best amount of adsorbent was added to the
bottles containing 50ml of lead ions solution at initial concentration of 100 ppm. The contents in the
bottles were mixed in the rotary shaker at 150 rpm and 25°C. The bottles were then pulled out of the
shaker at predetermined time intervals. Then the samples filtered and the lead ions solution
concentration of the filtrate was analyzed by the atomic-absorption spectrophotometer.

2.4 Adsorption isotherm models

An adsorption isotherm is a curve relating the equilibrium concentration of an adsorbent onto
the surface of solid substance, ge, to the concentration of the adsorbent in the liquid phase, Ce, with
which it is in contact. The analysis of the equilibrium adsorption isotherms data is very important to
study the adsorption capacity and equilibrium coefficient for Sulaymon, et al., 2012. The
applicability of relationship between the experimental adsorption capacities and the metal ions
concentrations (adsorption isotherm) have been widely used by the Langmuir and Freundlich
models Kaushal, and Upadhyay, 2014. The amount of adsorption at equilibrium, ge(mg/g), is
given by Eq. (1): Grassi, et al., 2012.

ge = (Co;nCe)V (1)
Where C, and C. (mg/L) are the initial and equilibrium concentration of the solute, respectively, V
is the volume of the liquid (L), and m is the mass of solid substance (g). Sorption efficiency can be
described by an adsorption isotherm according to the general Eq. (2) Oliveria, et al., 2005.

0—Ce

Sorption ef ficiency = CC— X 100% (2)

o

There are several models for predicting the equilibrium distribution.

2.4.1 Langmuir isotherm model

The Langmuir sorption isotherm (Langmuir, 1916) model maybe the well known and most
widely used in sorption isotherm. This model is used to illustrate quantitatively the formation of a
monolayer adsorbate (metal ions) on the outer surface of the adsorbent solid substance), and after
that no further adsorption takes place. Thereby, the Langmuir is valid for representing the
equilibrium distribution of adsorbate (metal ions) between the solid surface and bulk solution
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Dada, et al., 2012. It has provided significant agreement with a wide range of experimental data.
The Langmuir isotherm equation is shown in Eq. (3)Abdul Latif, et al., 2013 .

__ qmkLCe
qe - 1+kpCe (3)

Then Eq. (3) can be rearrangement in linear form: Saibaba, and King, 2013.

1 1 1 1
—= — 4+ - 4
de dm dmkL Ce ( )

Where C. is the equilibrium concentration of metal ions (adsorbate) in the bulk solution (mg/l), Qe is
the equilibrium adsorption capacity (mg/g), k. (L/g) is Langmuir parameters and qm, (mg/g) the
maximum adsorption capacity.

2.4.2 Freundlich isotherm model

The Freundlich equation isotherm (Freundlich, 1906) is an adsorption isotherm, which is a
relation of the solute concentration on the surface of an adsorbent (solid substance), to the solute
concentration in the liquid with which it is in contact.

Freundlich adsorption isotherm is applicable for heterogeneous systems and involves
formation of multilayers. Freundlich adsorption isotherm can be provided from the following
formulas Ho, 2003:

qe = kpCo™. (5)
The logarithmic form of the equation gives:
logq. =logks+ %log Ce, (6)

where n and Ksare Freundlich constants. They provided from the intercept and slope of a linear plot
of log geverses log Ce Saibaba, and King, 2013.

2.5 Kinetic of Adsorption

The kinetic of adsorption of metal ions Pb®* on polymer composite has been evaluated. The
experimental data were examined by pseudo-first-order Kinetics, pseudo-second-order kinetics of
adsorption process.

2.5.1 Pseudo first-order kinetics
The pseudo-first-order kinetics model also known as the Lagergren kinetic equation is widely
used to understand the kinetic behavior of the system Ho, 2003. It is given by the Eq. (7)

ki
2.303

log (qe — q¢) = log q, — t, (7)
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Where g and g are the adsorption capacity of metal ions pb®* at equilibrium and at time(mg.g™), ki
is reaction rate constant of the pseudo first order (min™).

2.5.2 Pseudo second-order Kinetics
The pseudo-second-order kinetics model is represented by the Eq. (8)

t 1 t
_ 8
de kz-qg Qe’ ( )

Where k; is the reaction rate constant of the pseudo-second-order model.

3. RESULTS AND DISCUSSION
3.1 Scanning Electronic Microscopy

The scanning electronic microscopy (SEM) images of the surface morphology of activated
carbon, chitosan, and chitosan-impregnated activated carbon are presented in Figure 1. It is clear
that the surface of GAC before the impregnation of chitosan is irregular with coarse particles with
different particle sizes and rough surface (Fig. 1a). The chitosan surface has regular shape with
smooth structure and larger particle sizes than CHGAC as shown in (Fig. 1b).The morphology of
CH-GAC obtained by SEM in (Fig. 1c) has irregular surface with many pores on the surface. These
results might explain the enhancing of adsorption capacity of CHGAC for lead ions. This
phenomenon could have been due to the reduction of the pores. Consequently, the reduction of the
particles size increases the adsorption capacity of lead ions onto adsorbent GAC. The above results
are confirmed by Maghsoodloo, et al., 2011.

3.2 Adsorption Equilibrium
3.2.1 Effect of adsorbent weight

The effect of different chitosan impregnated GAC adsorbent dosage 5, 10, 20, 30, 40, 50, 60,
80,100 mg on the percentage of adsorption efficiency is presented in Fig. 2. This figure illustrates
that the increase of adsorbent amount will increase the percentage of adsorption efficiency. It has
been observed that the adsorption rate increased quickly in the beginning adsorption period at
adsorbent dosages from 5 to 50 mg. This behavior could be explained by large surface area of
composite adsorbent as well as large number of sites for the adsorption of lead ions. In addition, it
can be found that the observed constancy in the percentage of lead adsorption efficiency at upward
of 50 mg. This behavior may be due to very weak interaction between the adsorbent and adsorbate.
In solution, the concentration appears to obtain a steady state with adsorbed species and so
regardless the amount of adsorbent present, there will be a residual concentration of ions in solution.
Adsorption of metal ions on these types’ materials is generally attributed to weak interaction
between the adsorbents and absorbents. In conclusion, according to the reasons mentioned, the 50
mg is selected as an optimum amount of chitosan impregnated GAC.
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3.2.2 Effect of pH

The pH is one of the most important operational parameters of adsorption of heavy metals.
The effect of different pH 2, 4, 6, 8, and 10 on the lead adsorption at chitosan impregnated GAC
(adsorbent) are shown in Fig. 3. The experiments of batch adsorption were conducted with the metal
solution of 50mL in volume and 50 mg/L initial concentration, 10 days agitation time at 150rpm,
and optimum dosage of 50 mg for composite adsorbent. Fig. 3 shows that the rate of lead adsorption
is mainly controlled by the pH of lead ion solution, the percentage of lead adsorption efficiency
started to increase with the increase in pH from 2-5.5. Therefore, the percentage of lead adsorption
efficiency increased from 18.8 % to 99.4%, for composite adsorbent. Whereas, the percentage of
adsorption efficiency gradually decreased with increase pH from 5.5-10. At pH higher than 5.5 the
lead ions is precipitated due to the formation of hydroxide and removal process due to lead ions
adsorption was very low. In contrast, at pH less than 5.5, the concentration of protons was high and
lead ions binding sites became positively charged repelling the lead. Consequently, the optimum pH
value for synthetic solution of lead ion can be obtained at (5.5).

3.2.3 Effect of time

The effect of contact time on the lead adsorption onto composite adsorbent is presented in
Fig. 4. The optimum weight of CHGAC adsorbent was added to the bottles containing metal ion
solutions pb®* of optimum pH. The bottles were mixed in a rotary shaker at different time-periods
varying between 3 and 30 hours at 140 rpm and 25°C. The lead solution was then filtered by filter
paper. The remaining of pb®* ion concentrations in the filtrate was determined by using the atomic-
absorption spectrophotometer. It can be seen that the adsorption efficiency of lead onto composite
adsorbent increased with an increase in contact time. Thus, the adsorption rate was very high at the
beginning of adsorption period. Lead adsorption efficiency of 99 % was obtained within first 2
hours using composite adsorbent. This behavior could be explained by the availability of large
number of vacant sites for lead adsorption, which is well agreed with Wan, et al., 2011. Therefore,
the optimum contact time for lead ions removal was selected at 6 hr.

3.3 Adsorption Isotherms models

The adsorption isotherms curves from experimental data are evaluated by plotting the mass
of the metal ions adsorbed per unit mass of adsorbent (ge) and the equilibrium concentration of the
adsorbate (Ce). The experimental data for the lead adsorption onto the CHGAC adsorbent was
examined over an initial concentration range from 20 mg/l to 200 mg/l. Fig. 5 describes the
adsorption isotherm curves for Pb ions onto Chitosan-impregnated activated carbon. The efficiency
of the lead ions adsorbed was obtained using Eqg. (2).

The isotherm adsorption models were applied to the experimental data for Pb adsorption
onto chitosan-impregnated activated carbon to understand the potential adsorption mechanism.
These models comprised Langmiur isotherm theoretical model and Freundlich isotherm theoretical
model. Fig. 5 demonstrates the experimental data and the isothermal models data obtained from
Langmiur and Freundlich isotherm. The correlation coefficients and constants for Langmiur and
Freundlich isotherm models are presented in Table 2. The resulting data in Fig. 5 showing that the
adsorption capacity of Pb metal ions onto chitosan impregnated activated carbon increases with
increasing the solution concentration. This could be explained according to the amino functional
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group in chitosan composition where the suitable chemical attracting such as electrostatic binding
can take place between adsorbent and adsorbate.

All the adsorption sites on the adsorbent surface were relatively free of lead metal ions
(vacant). After that lead metal molecules were reached to the adsorbent surfaces may attach instantly
to the protonated functional groups of the chitosan (-NHs). The values of the correlation coefficient
R? from Table 2 demonstrate that Langmuir isotherm better fit to the experimental adsorption data
than Freundlich adsorption isotherm.

3.4 Kinetics of Lead Adsorption
The experimental data were analyzed by pseudo first order kinetics Eq. (7) and the pseudo
second order kinetics Eq. (8) to describe the mechanism of adsorption reaction.

3.4.1 Pseudo first order model

The value of rate constant k; and ge are obtained from the slope and intercept of plots of log
(ge-qt) against time respectively as shown in Fig. 6. The calculated values of ge as listed in Table 3
are much lower than the experimental values. The values of correlation coefficients R? of pseudo
first order model are lower than pseudo second order model indicating that the Pb adsorption does
not obey pseudo first order kinetic.

3.4.2 Pseudo second order model

The value of rate constant k; and ge can be evaluated from the slope and the interception of
plot of (t/qt) against time respectively as shown in Fig. 7. The values of the rate constants,
maximum adsorption capacity, and the correlation coefficients are presented in the Table 3. The
pseudo second order models depend on the assumption that the rate-controlling step may be
chemisorption, which involves valence forces by sharing or electron exchange between the
adsorbent and the adsorbate. The maximum adsorption capacity calculated from the pseudo second
order model is in accordance with the exponential values. This implies that the adsorption obeys a
pseudo second order model. The plot of (t/qt) versus t directly increases with linear slope showing
that chemisorption is the main rate-controlling step of the adsorption process.

The granular activated carbon impregnated by chitosan was effectively used as an adsorbent
for the elimination of lead ions from aqueous solution. The experimental data have been analyzed by
Langmuir isotherm model is more acceptable than using Freundlich model. Where, the parameters
of these models with correlation coefficients were calculated. The results of adsorption data
exhibited a better fit to Langmuir isotherm model. The adsorption performance of lead ions onto
CHGAC followed a pseudo second order kinetic model, which described that the adsorption of Pb?*
onto CHGAC was controlled by chemisorption. The maximum adsorption capacities calculated
from the pseudo second order model are in accordance with the exponential values.
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Table 1. The Physical Properties of Granular Activated Carbon (Sigma—Aldrich Company).

Product name Granular Activated Carbon, GAC

Composition Carbon C

BET Surface area m“/g 819.2815

Average pore diameter (4V/A): 49.890 A

BJH adsorption cumulative volume of pores between

. 307097 cm?
17.000 A and 3000.000 A diameter 0307097 em?/g
T-Plot Micropore volume 0.315204 cm?3/g
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Figure 1. SEM images of (a) Chitosan (b) Granular Activated Carbon GAC and(c) Chitosan
impregnated granular activated carbon CHGAC.
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Figure 2. Effect of amount of chitosan impregnated GAC on the adsorption of lead ions (pb*?).
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Figure 3. Effect of pH on the removal efficiency of Pb*™? onto CHGAC.
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Figure 4. Effect of time on the removal efficiency of Pb** onto CHGAC.
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Figure 5. Adsorption isotherm of experimental, Langmuir, and Freundlich of CHGAC 20°C.
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Table 2. Langmuir isotherm and Freundlich isotherm constants of CHGAC.

Langmuir Constants

Freundlich Constants

Om

ki

R2

1/n

Ks

RZ

135.1351

3.155405

0.9981

0.4232

33.18945

0.9232
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Figure 6. Pseudo first order kinetic for Pb adsorption onto chitason impregnated GAC at room

temperature.

Table 3. Kinetics models parameters for Pb adsorption onto Chitason impregnated GAC.

Pseudo first order

Pseudo second order

ki
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Ko
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-0.00139

38.4858

0.9545

0.00011

56.8182
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59.3533
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Figure 7. Pseudo second order kinetic for Pb adsorption onto chitason impregnated GAC at room

temperature.
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ABSTRACT

In this work, the design and implementation of a smart energy metering system has been

developed. This system consists of two parts: billing center and a set of distributed smart
energy meters. The function of smart energy meter is measuring and calculating the cost of
consumed energy according to a multi-tariff scheme. This can be effectively solving the
problem of stressing the electrical grid and rising consumer awareness. Moreover, smart energy
meter decreases technical losses by improving power factor. The function of the billing center
is to issue a consumer bill and contributes in locating the irregularities on the electrical grid
(non-technical losses). Moreover, it sends the switch off command in case of the consumer bill
is not paid. For implementation of smart energy meter, the microcontroller (PIC 18F45K22) is
used. For communication between billing center and smart energy meters, ZigBee technology
is adopted. The necessary program for smart energy meter is written in MicroC PRO, while the
program for billing center is written in visual C#.

Key words: smart energy meter, billing center, ZigBee, power factor correction
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1. INTRODUCTION

Smart grid combines renewable energy with information technology to provide a quality power
for consumers. The existence of two-way flow energy and information between consumer and
provider enables a variety of advanced utility applications; such as energy management
services, advanced metering and reporting, power quality management, and many other
functions, RAHMAN, and MTO, 2011. Smart grid helps in decreasing the transmission and
distribution losses and improves power quality by managing the power consumption of the
consumer. Smart energy meter is considered essential component to smart grid that reduces
technical and Nontechnical losses, Pedro, 2009. It performs real time calculations of consumed
energy and its price according to a multi-tariff scheme to mitigate the problem of peak demand.

The problem of peak demand can be mitigated by increasing the number of power plants but
the disadvantage of this approach is not only the high cost but also increasing CO, emission.
Onother approach to mitigate peak demand problem is applying a multi tariff in smart energy
meter for calculating the consumed energy, imposition punitive tariff at peak demand time
pushes the consumer for switching off unnecessary appliance at peak demand time, Depuru, et
al, 2011. There are two main methods for achieving multi tariff scheme, the first method is
done by receiving notification signal from billing center each time zone as in Anjana, and
Prasanna, 2014, but this way is inefficient when the number of consumers' nodes is increased
to a more realistic number. In this case, the network will suffer from high collisions and may
break down. Onother approach for achieving multi tariff scheme is done by smart energy meter
using real time clock (RTC) module, RTC module is used to keep track of time, support multi-
tariff scheme and it can be used to provide historical peak demand, in addition a RTC module is
used to determine the day of sending data to the billing center, a table of tariffs are stored in the
smart energy meter that can be updated by billing center via ZigBee. This method is more
expensive compared with the first method but it is efficient.

On other side, the network load is inductive, i.e., load contains inductive component such as air
conditioner, refrigerator, induction motor and etc. which causes poor power factor where up to
0.7 in summer in lraq. Smart energy meter improves power quality by achieving residential
power factor correction (PFC). Residential PFC is becoming more popular in some regions of
the world. In 2001, a distributer of electrical energy in Peru performed a project to improve
power factor for a limited region including 26,000 households. It was found that improving
power factor from 0.84 to 0.93 led to saving of around 19, 300 MWh per year that means a cost
saving of close to 900,000%. The advantages of residential PFC go far beyond the energy
savings; because PFC reduces the current of loading that leads to reduce losses in transmission
line (I?R) and increases the grid capacity, Alexandre, 2007. The proposed smart energy meter
achieved power factor correction based on developed algorithm and capacitors bank in order to
compensate reactive power, thus bringing power factor near to 0.95.

2. RELATED WORKS

With the development of electronic chips and programming languages, smart energy meters
evolved gradually with more hardware and software capabilities. So many researches have
been conducted to develop a general purpose of smart energy meter in both hardware and
software.
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Smart energy meter was designed and develop to measure energy consumption by consumer
and send it to the service provider. Both ZigBee and GSM technologies are used to perform Bi-
directional communication between service provider and consumer. ZigBee technology is used
to transmit information from meter to the base station where the bill is calculated. GSM
network is installed at base station for messaging all consumers and service provider
employees, Vivek, and Ranthkenthiwar, 2014. Advanced metering infrastructure based on
power line carrier (PLC) is proposed to automatically collect information from different kinds
of meters. Energy consumption, water and gas can be measured by the meters and then data is
sent to the gateway through PLC. A gateway reads different data and communicates with data
acquisition center (DAC) through GSM. The gateway consists of two parts Neuron Core and
Transceiver. Transceiver is used to transfer data on the PLC while Neuron Core represents the
processing unit, Popa, 2011. Smart energy meter is designed and implemented to vehicle-to-
grid. This energy meter is interface between electric vehicles and smart grid. It is able to
measure bi-directional consumed energy, voltage and current. This energy meter also achieves
bi-direction measurement when the difference in phase angle between voltage and current
determines the direction of energy consumption, Libiao, et al, 2011. A remote meter-reading
system is designed to get data from the sensors and meters and control on the appliance in
residence area. The structure of this system consists of sensors, measure meters, intelligent
terminal, management center and wireless communication network. Bluetooth technology is
used to send and receive data and control signal between intelligent terminal and meters, while
GSM network is used to communicate between intelligent terminal and management center,
Liting, et al, 2006.

Automatic meter reading system based on GSM technology is implemented enables the
consumer to check the status of electricity from anywhere. It also enables utility to cut off and
reconnect the meter connection by SMS, Zahid Igbal, 2014. Wireless sensor and actuator
network are implemented for monitoring the energy consumption of appliances in the home.
The structure of the network consists of energy measurement nodes and central server, the
central server displays the reading from measurement nodes via user interface in real time and
enables user to remotely power on or power off individual device. This system presents a
practical way to control the energy consumption in home, Edwin, et al, 2013. The prepaid
electricity meter is designed to be able to conduct money transactions remotely in order to
enable the consumer to recharge his account from home, besides; the proposed meter helps
utility companies to eliminate electricity theft, Sai, et al, 2014. A power factor corrector is
designed and implemented using PIC microcontroller, it can improve power quality by
compensating excessive reactive components. The system includes sensing and measuring
power factor value of the load. A proper algorithm is used to determine and trigger sufficient
capacitors to improve power factor, Nader, 2007.

In this paper, the proposed system provide a low cost smart energy meter, monitoring and
improving power quality by developing a proper algorithm, achieving multi tariff with proper
solution by using a dedicated IC (DS1307), bi-directional communication is achieved to ensure
sending and receiving data and commands between smart energy meter and billing center by
using ZigBee technology.
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3. PROPOSED SMART METERING SYSTEM

The proposed system consists of two parts, smart energy meter for the consumer and the billing
center for the service provider.

3.1. Smart Energy Meter

Smart energy meter provides the real time measurement and calculation of amount and cost of
consumed energy and displays related information for consumer. When the inductive load
undermines power quality as result of poor power factor, the smart energy meter can improve
power quality by switching on the capacitors bank for continuously keeping the power factor of
the load near unity. Moreover, the smart energy meter can be used to detect the irregularities on
the electrical grid. Smart energy meter is composed of the analog unit, controller unit (PIC
microcontroller), real time clock and calendar (RTCC), liquid crystal display, wireless
communication module and capacitors bank. The hardware architecture of the proposed smart
energy meter is shown in the Fig.1.

3.1.1 Analog unit

Smart energy meter interfaces to the relatively high voltage while the acceptable input voltage
of PIC microcontroller is 5V, so the analog unit scales and converts the voltage and current to
voltages which are sufficiently small and cannot cause damage to delicate electronics. The
voltage of power line is usually 220 Vrms (-312 to 312 Vp-p), therefore it is scaled by the
voltage divider to a level and dynamic range is compatible with the analog to digital (ADC) of
PIC microcontroller, a low power consumption resistors are used to divide measured voltage.
The values of current are sensed by using current sensor IC (ACS712). ACS712 current sensor
is a precise, low offset, linear hall sensor circuit. Current sensor IC converts applying AC
current flowing through two of its pins into proportional voltage using integrated Hall IC.

3.1.2 Controller unit

The values sensed by the voltage and current sensors are provided to the analog channel of the
PIC microcontroller. The processing unit calculations of PIC microcontroller rescales all the
measurements by sensors to get the original value and performs all the power parameters
calculations. All the calculated values are displayed on display unit as shown in Fig.2. The
controller unit selected for smart energy meter design is the PIC18F45K22 microcontroller
from Microchip, due to it's multiple on-chip resources, low cost and suitable processing
accuracy that can reduce and simplify the design appropriately. PIC18F45K22 microcontroller
has 10 bit ADC with a multiple of channels. The multiplexer provides the capability of
connecting multi-analog signals to a single ADC. It has a multiple of timers that are used to
provide interrupt to notify the CPU every time interval. Regular interrupt is important to
execute a certain instructions at a certain time. This technique enables to create multitasking
easily which executes multiple application programs. The built-in serial port of the
microcontroller represents smart energy meter communication port. This is used with aid of
ZigBee module to send and receive data.
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3.1.3 Real time clock and calendar (RTCC)

The proposed smart energy meter contains a tiny real time clock and calendar module (RTCC)
to keep track of time, support multi-tariff scheme and it can be used to provide historical Peak
demand, in addition a tiny RTCC module is used to determine the day of sending data to the
billing center. A tiny RTCC module is based on the chip DS1307 which supports the 12C
protocol. This tiny RTCC module provides seconds, minutes, hours, day, month, and year
information. The end of the month date is automatically adjusted for months with fewer than 31
days, including corrections for leap year. The clock operates in either the 24-hour or 12-hour
format with AM/PM indicator. A Tiny RTCC module contains Lithium cell battery (CR1225)
to save time and 56-Byte Nonvolatile (NV) RAM for data storage. A tiny RTCC module uses
the 12C bus to communicate with PIC microcontroller.

3.1.4 Power quality and size of capacitors bank.

Usually the network load is inductive, i.e., load contains inductive component. PFC removes
inductive component by adding (equal in magnitude) capacitive component through connecting
a capacitor. Due to the load of the home is varied, fixed capacitors is inappropriate to improve
the power factor and may led to overcompensation, so automatic switching of capacitors is a
good method of obtaining the full electrical benefits from a capacitor installation. In order to
calculate the amount of required capacitor compensation for improving power factor, an
effective algorithm for switching sufficient capacitors bank has been developed (in PIC
microcontroller).

In this work, PFC is performed in smart energy meter by using capacitors bank. The capacitor
banks consist of eight capacitors of different values, the values of these capacitors are chosen in
such away like the weight of binary digits representing a decimal number. These values are
128, 64, 32, 16, 8, 4, 2 and 1 yFas shown in Fig.3. The value of chosen capacitors provide a
high value of micro farad reach to 255 uF, so the number of capacitors can be reduced
according to the expected loads in each and individual home.

4. BILLING CENTER

The main function of the billing center as the name implies is to bill consumers according to
the amount of consumed energy. It receives a consumption data from the smart energy meter
which represent the amount and the cost of the consumed energy to issue a consumer bill and
the other measurements to give a good estimate of the grid status. Moreover, the billing center
can send the commands of switching on or off the electrical power. It sends the switch off
command when the bills are not paid, and it sends the switch on command when the bills are
paid.

Detection and localization of a faulty meter, irregularities on the electrical grid, and leakages
can be determined at billing center by using a master meter with each group of home meters. A
difference between the power reading of the master meter of the group and the summation
power of individual home meters within the same group means either one or more meters are
faulty, or there is an irregularity, or a leakage in the electrical grids.
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The billing center is implemented by using personal computer (PC), communication transceiver
(ZigBee module) and the interfacing circuit which is used to establish the proper connection
between the communication transceiver and the personal computer as shown in Fig.4. The
transceiver used in the billing center is the same as in the smart energy meter. The difference in
the two ZigBee modules is in the addresses in the network and some of setting which makes the
billing center represents a coordinate, while smart energy meter represent node. The data from
the meters is received through ZigBee module then sends it to PC.

5. SOFTWARE DESIGN OF THE PROPOSED SYSTEM

The software used in the proposed metering system consists of two parts; first part is executed
in smart energy meter whereas the second part is executed in the billing center.

5.1 Software of the Smart Energy Meter

The software of smart energy meter is responsible for initializing and managing the operation
and interaction among hardware modules of the smart energy meter. The software operations of
the smart energy meter are illustrated in the flowchart of the main program shown in Fig.5 and
the flowchart of interrupt service routine shown in Fig.6. Interrupt service routine (ISR) occur
once every 2 msec in order to sample voltage and current at regular time. ISR ensures that the
sampling rate (Fs) to be 500 Hz which provides 10 samples per cycle. ISR is also responsible
for the flags condition. Flags conditions are required for executing the operations in the main
program as shown in Fig.6. First, for sampling rate (Fs) and N samples of the power line
source, the RMS voltage can be calculated by using Eq. (1).

Vims = T (1)

Where N is the number of samples, v; is the sampled voltage.

As mentioned early the voltage of power line is scaled to level that is compatible with delicate
electronics, so the measured value must be rescaled to the engineering value (actual voltage) in
the processing unit calculations. To do so, the sampled voltage in Eq. (1) multiplies by voltage
proportionality constant for the circuit design (K) as shown in Eq. (2).

N-1 N2
Vims = ’w (2)

The time taken to calculate the RMS voltage can be reduced by modifying Eq. (2) to Eq. (3):
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(3)

k
Where T = N

The divisions and multiplications are reduced to one operation in Eq. (3) for each RMS voltage
calculation. In this Eq. (3), T can be calculated offline.

The same above procedure is used for RMS current and energy calculations using Eq. (4) and
Eq. (5), respectively.

SN2
Lrms = l]\(; - 4)
N-1
1 .
E = f_s v *i;, (5)

L

I
o

where fs is sampling frequency and i; is i sampled of the current.

The second part of the program represents subroutine for displaying where the parameters on
the screen are updated every 1 sec.

The third part of program is responsible for measuring and correcting power factor of the load
where the smart energy meter enters this subroutine every 3 seconds. The flowchart shown in
Fig.7 illustrates the operations of power factor correction.

The power factor (PF) of the load can be calculated by dividing the active power (P) by
apparent power (S), when the PF of the load is equal to 0.9 or more, no need to add capacitors
to the load, if the PF of the load is less than 0.9, the processing unit of PIC microcontroller
calculates the desired capacitances to improve the power factor of the load.

The reactive power utilized in the load (varlL) is calculated as:
var, = \/S? — P? (6)

In order to improve PF to 0.95, new reactive power is calculated as:
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var, = P *tan© (7)

0 : The phase angle between voltage and current that is chosen 18 for obtaining PF=0.95.
Now, the reactive power is required to compensate(var,):
var, = var, — var, (8)

The required capacitors to improve power factor to be 0.95 is

var,

C =
21 f ok (Vigps)?

)

After calculating the required capacitances, the control unit sends control signal to the relay
unit to connect the required capacitors.

The last part of the program is responsible for sending data to the billing center which is
executed every month. The accumulated amount of consumed energy and the cost are delivered
to the billing center.

During its operation, the smart energy meter checks whether there is a command message from
the billing center that requests switching on or off the building as shown in flow chart of
interrupt service routine in Fig.6.

In order to perform the functions of the smart energy meter, the control unit is programmed
with MikroC PRO programming language.

5.2 Software of the Billing Center

The flowchart in Fig.8 shows the methodology of performing billing center functions.

1. First the billing center enters the initialization routine, in which:

e The transceiver communication module parameters are initialized.
e Communication network is established.
e Smart energy meters are joined to the network.

2. Second, after receiving the data, the billing center creates a table that stores the data and
indicates the current status of the each consumer.

3. Third, the billing center sends command signal to the smart energy meter to reset energy
counter.
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4. Forth, the billing center checks the budget and the bill of the consumer, where it has
ability to send a command to the smart energy meter for switching the power on or off at
any time.

Any failure in communication between the billing center and the smart energy meter is
unacknowledged and retransmitted. The programming language Visual C# is used to create a
GUI for the billing center to facilitate the operation of the billing and controlling the status of
the consumer, Fig.9 shows the GUI for billing center. The table in the bottom left of the
figure is related to the multi-tariff and the time zones, where the rectangles labeled
"Currently" indicate the current time zone and tariff. The text boxes "Time zone" indicate the
duration of the time zone, where all the four time zones, in this work, has the same period (6
hours). The text boxes "Price" indicate the price of consumed energy in the corresponding
time zone. It must be mention that the price must be proportional to the energy demand.

6. MEASUREMENT ERRORS

Reducing the error to the minimum possible level in any measurement system is extremely
important. Instrumental error is a common source of the measurement errors that are inherent in
manufacture of an instrument. It arises due to the operation principle of instrument such that
arises in the analog to digital convertor (ADC), Morris, 2001. The accuracy of ADC has an
effect on overall measurement system performance and efficiency. Systematic errors arise in
ADC due to the sampling operation, STMicroelectronics, 2003, the effect of sampling error
(es) in power measurement is inversely proportional to the sampling frequency, sampling errors
can be calculated as shown in the equation below, Gerard, 1984:

W I, sinNy
ey = —— .
$2 siny

cos(N—1) y (10)

Where YZZfo .fs: sampling frequency, f:power line frequency, y:samples interval in

N
radian, N : number of samples.

Quantization errors affect measurement accuracy in sampled-data-acquisition systems. Mean
square value of error quantization is

AZ
T 12

(11)

€eq

Where 4 = 22% , V,, is amplitude value of signal, n is number of bit, It is also known as

successive approximation register.

And

2
Coqg = % (12)
eq 3 x 22n
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It is clear from the Eq. (12) that the error caused by quantization is reduced when the resolution
of ADC (n) increases, Istevan, 1985. In this research the proposed smart energy meter: fs =500
Hz, N= 25, n = 10 bit. The accuracy is proportional to the number of taken energy samples per
period, where a number of eight samples per period (fs =400) of the power line give a
percentage of error of less than 1%. The total errors due to the sampling process and
quantization can be calculated by adding the two errors together.

Limiting error is considered another type of measurement error that arises in electrical circuit
due to the tolerance in the circuit components such as resistors, capacitors, etc. This error can
be reduced by choosing components with low tolerance. For precise measurement systems, the
error in passive components is compensated using calibration. Calibration here means applying
a signal with a known value then adjusts the meter (resistors or parameters) until getting
compatibility between the signal value and the meter’s reading. This calibration may
implemented by the hardware or software, Microchip, 2005.

The temperature coefficient of circuit components must be taken into account in the design and
implementation of the smart energy meter, especially in the case of device works in extremely
hot conditions, as in Irag.

7. IMPLEMENTATION AND TESTING

Fig.10 shows the Proteus simulation of smart energy meter. Voltage and current sensor of
smart energy meter are connected to the resistor and inductor load which are connected in
series to measure all power parameters, and then trying to correct power factor by using
capacitors bank.

The smart energy meter is tested in real scenarios by using real loads as shown in Fig.11, where
the smart energy meter is connected to some of household appliance to test different cases of
the loads, the accuracy of the smart energy meter readings were compared with the professional
power clamp meter as shown in Table 1. The measurement values by analog unit are given to
the PIC microcontroller, and then displaying on LCD screen. The readings that are displayed on
LCD are compared with that are received in billing center. The connecting and disconnecting
of smart energy meter to the wireless network is also checked.

8. CONCLUSIONS

The characteristics of the metering system are investigated and there are several facts that had
become clear when testing overall implemented system. These facts are: firstly, implementation
of smart metering system can be constructed in Irag by using available local market
components. Secondly, smart metering system can play an important role in increasing the
consumers’ awareness through displaying instantaneous power consumption and its cost.
Moreover, the system can effectively improve power factor of electrical grid. Increasing
consumers’ awareness and improving power factor can effectively reduce wasted energy and
consequently ensure reliable power supply. Thirdly, ability of real time calculating of the
consumed energy and its cost enables implementing a multi tariff scheme. This scheme cannot
be achieved in a traditional meter. Finally, the smart metering system can be effectively detect
and locate irregularities on the electrical grid and a malfunction smart energy meter(s).
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Table 1. Smart energy meter readings comparing with professional power meter.

Current (A) active power (W) Apparent power (VA) Power Factor
Type of load - - - -
Smart | Professional error Smart | Professional error Smart | Professional error Smart | Professional error
Met_er Power (%) Metgr Power (%) Met_er Power (%) Met_er Power (%)
reading meter reading meter reading meter reading meter
Refrigerator 0.65 0.63 3 127 125 16 149 146 2 0.85 0.84 1.1
Water 0.87 0.9 33 116 113 26 199 200 05 | 059 0.56 53
dispenser
One lamp
0.83 0.85 2 197 195 200 195 25 0.98 0.99 1
195w
Two
identical 1.63 1.66 18 391 389 05 | 392 389 0.7 | o097 0.99 2
lamps
390 W
A
Initialization
No
P Is smart
- meter
joined? Yes
No
e Is _biII
received?
| Put received bill in table of data
A
Yes
< Is Bill
l over
budget?
Send power off command
No

Is bill paid after
power off?

Yes

Sending power on command

Figure 8. Flowchart of the billing center.
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Composite Techniques Based Color Image Compression
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ABSTRACT

Compression for color image is now necessary for transmission and storage in the data bases
since the color gives a pleasing nature and natural for any object, so three composite techniques
based color image compression is implemented to achieve image with high compression, no loss
in original image, better performance and good image quality. These techniques are composite
stationary wavelet technique (S), composite wavelet technique (W) and composite multi-wavelet
technique (M). For the high energy sub-band of the 3 level of each composite transform in each
composite technique, the compression parameters are calculated. The best composite transform
among the 27 types is the three levels of multi-wavelet transform (MMM) in M technique which
has the highest values of energy (En) and compression ratio (CR) and least values of bit per pixel
(bpp), time (T) and rate distortion (R(D)). Also the values of the compression parameters of the
color image are nearly the same as the average values of the compression parameters of the three
bands of the same image.

Key words: image compression, color images, composite techniques, composite transforms,

compression parameters.
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1. INTRODUCTION

In the color image, the spatial component correlation among the three bands red, green, and
blue is significant. In order to get a good compression performance, the correlation among the
three bands must be reduced by converting the color image into the de-correlated color space,
Miry, 20009.

For three different kinds of images, standard Lena, satellite urban and satellite rural image,

various statistical parameters of the image such as Rate Distortion, Kurtosis, symmetry and
Skewness, are derived for Set Partitioning in Hierarchical Trees (SPIHT) compression scheme,
they are derived for a fixed level and fixed rate of decomposition for the three kinds of images
and they are used for explanation of the Peak Signal to Noise Ratio (PSNR) and Compression
Ratio (CR). The results of urban images are the best for SPIHT compression scheme as
compared with the satellite rural image, Nagamani, and Ananth, 2012. Abood, 2013 introduced
three dimension two level, wavelet transform, multi-wavelet transform and hybrid (wavelet-
multi-wavelet) techniques. The parameters root-mean-square difference, energy retained, Peak
Signal to Noise Ratio, entropy and compression ratio are measured for each 3-D two-level
technique. According to these parameters, a comparison between these techniques is presented
and the results illustrated that the three dimension two level hybrid technique is the best for
image compression.
Dhumal and Deshmukh presented image compression technique using Singular Value
Decomposition (SVD) transform. This (SVD) can transform the matrix into product, which
allows anyone to refactor the digital image into three orthogonal matrices. The using of the
singular values of the refactoring allows representing any image with a set of decreased values,
which can store the original image useful features, take less storage space in the memory, so it is
used for image compression, Dhumal and Deshmukh, 2016. Sudhakar, and Sudha, 2011
introduced an efficient color compression technique i.e. higher compression ratio and better
quality by using multi-wavelet transform and the embedded coding of the multi-wavelet
coefficients through (SPIHT) algorithm.

2. COLOR IMAGE COMPRESSION

Images use either 24-bit or 8-bit color. In the case of 8-bit, the range of the pixel value is 0-
255 (i.e. 256 different colors). In the case of 24-bit, each pixel in the image uses 24-bit and each
8-bit in the 24-bit is used to represent three band colors red, green and blue (R, G, B).

For Images compression, the needing for efficient techniques is usually increasing because
the images need large size of disk space so it is a big disadvantage during storage and
transmission, Dutta, et al., 2012.

3. COMPRESSION PARAMETERS
3.1 Bit per Pixel (bpp)

The precision of a sample can be represented by a number of bits in the pixel; the higher
precision value is better which represents the picture quality. Here the compression ratio is
measured in terms of the bpp, Dutta, et al., 2012.

8 X compressed image size

bpp = 1)

original image size
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3.2 Computation Time (T)
The computation time is normalized and calculated by:

T=2(1-4")N? )
where N ? is the size of the image, and L is the number of the level, Dia, et al., 2009.

3.3 Energy (En)
Energy is the sum of squared elements in the image, Abood, et al., 2013:

En=3%:%;x*(.)) (3)

3.4 Compression ratio (CR)

A logical way to measure how good the compression algorithm compresses an image is to
look at the compression ratio which is the ratio of the number of bits that required to represent
the image before compression to the number of bits that required to represent the image after
compression, Sayood, 2006, so the ratio between the size before compression and the size after
compression, Shini, et al., 2016:

size befor compression
CR= for comp (4)

size after compression

3.5 Mean Absolute Error (MAE)
If x(i,j) is the original image and y(i,j) is the reconstructed image, then the Mean Absolute
Error will be, Kumar, and Rattan, 2012:

MAE = 31, S () = y (@) (5)

3.6 Rate Distortion R (D)

Rate is the average number of the bits used in representing each sample value. Distortion is
the measure of a difference between original image and compressed image. R (D) function is the
lowest rate that while keeping the distortion equal to or less than D, the output can be encoded.

R(D) = % x10g10 () (6)

MSE

where (02) represents the Variance, Nagamani, and Ananth, 2012, and
MSE = — ¥, 24 (i, ) — ¢(i, ))? ()
where c(i, j) represents the compressed image, Abood, 2013.

4. TRANSFORMATION
In image compression, it is desirable to select the useful transform that reduces the size of
resultant image as compared to the original image, Kharate, and Patil, 2010. If the sampled

82



Number 3 Volume 23 March 2017 Journal of Engineering

functions have discrete time and frequency then wavelet transform used is so called Discrete
Wavelet Transform (DWT). This technique is based on sub-band coding algorithm. Compression
is based on the approximation of regular signal components using the filter coefficients and
detailed coefficients, Hamsalakshmi, and Kalaivani, 2016.

Stationary wavelet transform (SWT) is designed to overcome the lack of the translation-
invariance of the DWT. The SWT is a redundant scheme, as its output in each level contains a
similar number of samples as in the input, Saminu, and Ozkurt, 2015.

Algorithms based on the wavelets have been worked well in the image compression. Scalar
wavelets don’t possess all properties wanted for a better performance in the compression but
‘Multi-wavelet’ overcomes this problem because it possesses multi-filters, Radhakrishnan, and
Subramaniam, 2008. Theoretically, Multi-wavelets should work even better because of the
extra freedom in the multi-filters’ design, Miry, 2008.

5. THE PROPOSED ALGORITHM

Fig. 1 shows the block diagram of the overall proposed system, which is illustrated as
follows:
1. Input color image, in the other side input the same color image but with isolated bands i.e.
taking the red, green and blue bands of the same color image.
2. Convert the color image, red, green and blue bands to gray image.
3. As a preprocessing, convert each gray image to a double-precision and resize them to be of
size (1024*1024).
4. Input the processed images to three composite techniques S, W and M as shown in Fig. 2.
There are « 3" ” different cases, where “ 3 ” refers to 3-level composite stationary wavelet
transform (s), 3-level composite wavelet transform (w), and 3-level composite multi-wavelet
transform (m), while “ n ” refers to the number of level. The three composite techniques are:
a. Composite technique S, which contain (3 ") different cases of a 3-level composite transform
of s, wand M, i.e. sss, ssw, ssM, sws, sww, swM, sMs, sMw and sMw. For example, in swwm, the
1% level is “s”, the 2™ level is “w” and the 3" level is “m”. Wavelet transform is applied to the
high energy sub-band of “s” and multi-wavelet transform is applied to the high energy sub-band
of “w”.
b. Composite technique W, which contain (3"%) different cases of a 3-level composite transform
of w, s and m, i.e. www, Wws, Wwm, WSW, WSS, WsM, WMw, Wms and smm. For example, in wswm,
the 1% level is “w”, the 2" level is “s”and the 3" level is “m”. Stationary wavelet transform is
applied to the high energy sub-band of “w” and multi-wavelet transform is applied to the high
energy sub-band of “s”.
c. Composite technique M, which contain (3"*) different cases of a 3-level composite transform
of m, s and w, i.e. MMM, MMS, MMW, MSM, MSS, MSW, MWM, MWs and mww. For example, in msw, the
1% level is “Mm”, the 2" level is “s” and the 3" level is “w”. Stationary wavelet transform is
applied to the high energy sub-band of “m” and wavelet transform is applied to the high energy
sub-band of “s”.
5. For each high energy sub-band of the 3" level in each composite technique, the compression
parameters are calculated according to Eq’s.1, 2, 3, 4, 5 and 6.
6. The final decision is taken for the techniques that have best compression.
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6. RESULTS AND DISCUSSION

In all tables, the best values are written as red values and the suffix “ av ” in S,y , W,y and My
refers to the average of parameters’ measurements of the images in the composite S, W and M
techniques respectively. Table 1 shows the results of the compression parameters for the color
images in the S composite technique, the smm composite technique has the least values of Bpp, T
(in second) and R(D), and has the highest values of En and CR, while ssm has the least value of
MAE (3.7004 e-16). Fig. 3 illustrates the chart of these results.

Table 2 shows the results of the compression parameters for the color images in the Wy,

composite technique, the wMM composite technique has the least values of Bpp, T and R(D)
(0.0078, 0.0006, 4.5269) respectively, and has the highest values of En and CR (5.247 and 1024)
respectively, while www has the least value of MAE (2.8291 e-16). Fig. 4 illustrates the chart of
these results.
Table 3 shows the results of the compression parameters for the color images in the composite
M,y technigue, the mmm composite technique has the least values of Bpp (0.0020), T (0.0001) and
R(D) (2.7253), has the highest values of En (41.6531) and CR (4096), while mww has the least
value of MAE (0.6679e-15). Fig. 5 illustrates the chart of these results.

Therefore, using multi-wavelet in the image compression improves the image reconstruction,
image compression and decrease the computation time, so, for good compression in the color
image the composite techniques SMM, wMM and MMM must be used.

Tables 4, 5 and 6 show the results of the compression parameters for the color (red, green and
blue bands) images in the S,, composite technique, where RS,,, GS, and BS,, refer to the
average of parameters’ measurements of the images in the red, green and blow bands of S
technique, all bands have the same bpp, T and CR in each composite technique (i.e., in RSy,
GS,v and BS,,, sss has bpp (8), T (0.6562) and CR (1)). The smm composite technique has the
least values of bpp, T and R, and has the highest values of En and CR, while ssm has the least
value of MAE (3.7122e-16). Fig. 6 illustrates the chart of the compression parameters for the
color (red-band) images in the S,, composite technique.

Tables 7, 8 and 9 show the results of the compression parameters for the color (red, green and
blue bands) images in the W,, composite technique, all bands have the same bpp, T and CR in
each composite technique (i.e., in RW,,, GW,, and BW,,, www has bpp (0.1250), T (0.0102) and
CR (64). The wmm composite technique has the least values of bpp, T and R(D), and has the
highest values of En and CR, while www has the least value of MAE (2.0579e-16). Fig’s. 7 and
8 illustrate the charts of the compression parameters for the color (red and blue bands) images in
the W,, composite technique.

Table 10, 11 and 12 show the results of compression parameters for the color (red, green and
blue bands) images in the M,, composite technique, all bands have the same bpp, T and CR in
each composite technique (i.e., in RM,,, GM,, and BM,,, mww has bpp (0.0313), T (0.0025) and
CR=256). The mmm composite technique has the least values of bpp, T and R, and has the highest
values of En and CR, while mww has the least value of MAE (5.764e-16). Fig’s. 9, 10 and 11
illustrate the charts of the compression parameters for the color (red, green and blue bands)
images in the M,, composite Technique.

Therefore, for good compression in the color image of isolated bands the composite
techniques smm, wmm and mvm must be used, so for either color image or color image of isolated
bands the composite techniques smm, wvm and mvm can be used for good compression.

Fig. 12 shows samples of database images used in this work.

84



Number 3 Volume 23 March 2017 Journal of Engineering

7. CONCLUSIONS

In this study, three composite techniques S, W and M based color image compression is
implemented. For color image and color image of isolated bands the best composite technique
among the 27 types is the mmm in M technique which has the highest values of En and CR which
are 41.6531 and 4096 respectively, and least values of bpp, T and R(D) which are 0.002, 0.0001
and 2.7253 respectively for color image. Also it is concluded that the values of the compression
parameters of the color image are nearly the same as the average values of the compression
parameters of the three bands of the same image.

This work is useful to achieve image with high compression, no loss in original image, better
performance and good image quality. As future works, one can use these composite techniques
in speech compression, speech recognition and image recognition to show which technique is the
best that gives a high speech compression performance, speech recognition performance and
image recognition performance.
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9. NOMENCLATURE

bpp
c(i,j)
CR
DWT
En

L

M
May
MMM
N 2
PSNR
R(D)

bit per pixel
compressed image
compression ratio
discrete wavelet transform
energy
number of the level
composite multi-wavelet technique
average of parameters measurements of the images in the composite M technique
three level of multi-wavelet transform
size of the image
peak signal to noise ratio
rate distortion

R, G, and B three band colors red, green and blue

S
Sav
SPIHT

composite stationary wavelet technique
average of parameters measurements of the images in the composite S technique
Set Partitioning in Hierarchical Trees
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singular value decomposition
stationary wavelet transform
time in second
variance
composite wavelet technique
average of parameters measurements of the images in the composite W technique
original image
reconstructed image

Input Color Image |

|Convert to Gray
Image

Compression Parameters ‘
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Table 1. Compression parameters for color S,, technique.
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Table 2. Compression parameters for color W, Technique.
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Figure 3. Chart of compression
parameters for color S, technique.
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Table 3. Compression parameters for color M,, Technique.
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Table 4. Compression parameters for color RS,, technique.
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Table 5. Compression parameters for color GS,, Technique.
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Table 6. Compression parameters for color BS,, Technique.
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Table 7. Compression parameters for color RW,, Technique.
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Table 8. Compression parameters for color GW,, Technique.
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Table 9. Compression parameters for color BW,, technique.
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Table 10. Compression parameters for color RM,, Technique.
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Table 11. Compression parameters for color GM,, Technique.

GMav bpp

0.0020
0.0313
0.0078
0.0313
0.5000
0.1250

0.0078
0.1250
0.0313

0.0006
0.0025
0.041
0.0102
0.0006
0.0102
0.0025

En

43.4204
2.7974
5.5971
2.7970
0.1753
0.3506

5.5188
0.3503
0.7011

CR

4096
256
1024
256
16
64
1024
64
256

MAE

1.777e-15

3.212e-07
1.7535e-15
0.8972e-15
1.5205e-07
0.9269e-15

0.91e-15
1.5999¢-07
6.4602e-16

R(D)

2.7268

7.7344

4.5676

7.4546

19.481
11.9998

4.5107
12.1656
7.3571

Table 12. Compression parameters for color BM,, Technique.
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Figure 12. Samples of database images.
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ABSTRACT

This study was carried out to investigate the effects of magnetized water on accumulated
infiltration depth. A test rig was designed and constructed for this purpose was installed at the
water tests laboratory of the Department of Water Resources Engineering at the University of
Baghdad. The investigation was carried out by using two types of soil, different flow velocities
throughout magnetizing device and different configuration of magnets over and under the water
passage of the magnetizing device. The soils that were used in the experiments are clayey and
sandy soils. Six different flow velocities throughout magnetizing device ranged between 0.29 to
1.19 cm/s and ten configurations of arranging the magnets over and under the water passage of
the magnetizing device were used. The magnates are sintered neodymium-iron-boron type.

Tests results obtained with magnetized water were compared with those of untreated water.
Results showed that magnetizing water increases the accumulated infiltration depth for the two
types of soil. The highest increase in the accumulated infiltration depth is achieved under low
flow velocity throughout the magnetizing device and with ten magnets. This highest increase for
the clayey and sandy soils was 98.2% and 34.2%, respectively.

Key words: magnetized water, infiltration, magnetizing device, water-soil relationship, magnate.
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1. INTRODUCTION

Many studies and researches throughout the world over the few past decades have reported
significant evidences that some properties of water can be changed as it passes through a
magnetic field. A study carried out by Al-Talib and Al-Sinjary, 2009 on the effect of magnetic
treatment of water on uniformity of sprinkle irrigation showed an increase in irrigation
uniformity when using magnetized water. Abbas, 2009, investigated the effect of magnetic
treatment of salty and fresh irrigation water on infiltration depth and hydraulic conductivity in
gypsiferous and calcareous soils. He showed that in gypsiferous soil, magnetizing salty irrigation
water increases the value of saturated hydraulic conductivity, while, the magnetizing of fresh
irrigation water decreases the value of saturated hydraulic conductivity. In calcareous soils,
magnetizing of salty irrigation water decreases the value of saturated hydraulic conductivity,
while magnetizing of fresh irrigation water increases the value of saturated hydraulic
conductivity. In her study on the effect of magnetizing saline water on hydraulic characteristics
for different textured soil, Al-Kaysi, 2009, concluded that saturated hydraulic conductivity for
all used soil textures decreased when using magnetized water as compared with non-magnetized
water. The electrical conductivity of magnetized water affected the saturated hydraulic
conductivity, and the lowest value was when distilled water is used. The non-magnetized water
was more efficient than the magnetized water to leach salt from soil for all used soil textures.
Kadhem, 2010, carried out a study to realize the effect of magnetized water on soil reclamation
and salt leaching. The main conclusion of his study was that a considerable amount of water can
be saved when using magnetized water to leach salts and the magnetized water has a tendency
that exceeds the tendency of non-magnetized water in reclamation of soils. The effect of
magnetic treatment of irrigation water on soil chemical properties with trickle irrigation was
studied by Mostafazadeh-Fard, et al., 2012. Their main conclusion was that the soil moisture
content with magnetized water was higher than when using non-magnetized water and the
magnetic treatment of irrigation water caused high leaching of soil salts. The concentration of
anions in the soil such as sulfate, chloride, and bicarbonate and cations such as magnesium,
sodium, and calcium at soil depths of 0-60cm when using magnetized water were lower than
those when using non-magnetized water. Mohamed, 2013, conducted a study to investigate the
effects of magnetic treatment of low quality water on some soil properties and plant growth. He
concluded that utilization of magnetized water technology considered a promising technique to
improve the yield of tomato. After plant harvest, the use of magnetized irrigation water increased
soil electrical conductivity and available phosphorus and reduced soil reaction pH. Al-Talib, et
al., 2013, studied the effect of magnetic treatment of irrigation water on the infiltration rate of
soil. They concluded that an obvious increase in water infiltration rate is achieved when using
magnetized water, this, in turn, reduces the irrigation time that needed to add the required total
irrigation water depth. Magnetized water can increase the discharge and give the same amount of
non-magnetized water but with less operational time with the same amount of the constant
irrigation depth and, thus, serves to provide the operational capacity of the system that is
powered by electricity or liquid fuel by using high irrigation rate of magnetized water without
occurrence of surface runoff, which raises the efficiency of water use .

The above mentioned evidences based on experimental tests are some of many other studies that
prove that by passing water through field of a permanent magnet or electromagnet can change its
physical properties. This change in the physical properties of water can improve the use of water
in different areas and have promising potentials especially in the field of irrigation and drainage.
These improvements in this field include increasing crops growth and yield, improving quality of
irrigation water, increasing efficiency of salt leaching from soils, enhancing the soil, water, and
plant relationships, and reducing blockage of emitters used in trickle irrigation. Moreover,
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obtaining improvements in water properties by field of magnets is so simple, of low cost, safe,
and have no harmful effects. However, the effects of magnetic fields on the properties of water
are not well developed and are still a challenging subject. Generally, this study was conducted to
investigate the soil and magnetized water relationships, specifically, the accumulated depth of
infiltration.

2. DESCRIPTION OF THE EXPERIMENTS
The following subsections present a description of the experiments that were carried out to
investigate effects of magnetizing water on the accumulated depth of infiltration.

2.1 Materials Used

The physical characteristics of soils used in the experiments are presented in Table 1. Results of
the chemical and physical characteristics of the water used in the experiments are presented in
Table 2. Permanent magnets were used of sintered neodymium-iron-boron, NdFeB; these
magnets are of BY0X04-N52 type manufactured by K&J Magnetics Inc. The magnet is 5 cm
long, 2.5 cm wide, and 1.25 cm depth. Magnetization direction of these magnets is through its
thickness and the highest value of its flux is reached at its surface of 7671 gauss.

2.2 The Test Rig

Test rig was designed and constructed to investigate the effects of magnetized water on the
accumulated depth of infiltration. Fig.1 shows a schematic diagram of the test rig. The rig
consists of a constant head reservoir that maintains water to two identical magnetizing devices.
Water following out of each of the magnetizing device is supplied to two cylinders containing
soil. All these components are connected by using rubber tubes of 0.5 cm diameter. Flow
throughout these tubes is controlled by using valves. Fig.2 shows the test rig installed in the
laboratory. The magnetizing device is a closed water passage made of a Perspex sheet 4 mm
thick, 40 cm long, 7 cm wide, and 2.5 cm high. The water passage of the device has an inlet and
an outlet controlled by a valve. Magnets are to be installed on the top and bottom sides of the
water passage. Fig.3 shows a close up photo of the magnetizing device. The cylinders containing
the soils were made of a Perspex sheet 60 cm long, 10 cm internal diameter, 4 mm thick, and has
a water inlet located at 15cm from the top controlled by a valve. A filtration paper and a metal
screen were fixed at the bottom end of the cylinders. The filtration paper was used to prevent the
soil from washing out. The metal screen is a support to the filtration paper.

2.3 Design of the Test Runs

Three variables were adopted when designing the test runs. The first was the configuration of
magnets; ten configurations of arranging the magnets over and under the water passage of the
magnetizing device were used. The second, was the flow velocity throughout magnetizing
device, these velocities are 1.19, 0.99, 0.79, 0.69, 0.59, and 0.29 cm/sec. Finally, the third
variable was the soil type. As was mentioned previously, two types of soil were used that is a
clayey and sandy soil. So, the total numbers of experiments with magnetized water were 120
experiments. In addition to the experiments with magnetized water, a set of experiments was
carried out without magnetizing the water as control experiments.

2.4 Configuration of Magnets

To investigate the effect of the number of magnets used, ten configurations of the magnets over
and under the water passage of the magnetizing device were used as shown in Fig.4. Each
configuration was designated with a code, that is My.y. In this code M refers to the word Magnets
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and x and vy refers to the number of magnates used over and under the water passage of the
magnetizing device, respectively. So, the code M4.4 refers to 4 magnates used over and under the
water passage.

2.5 Preparing of Soils Columns

Four cylinders were prepared, two for the clayey and two for the sandy soil. The same method of
packing was adopted in all experiments. The soil was added layer by layer to the cylinder by
using a lab spatula. Each soil layer is gently compressed by using a special plunger,
simultaneously with shaking until the top of the soil column does not sink any further, Oliviera,
et al., 1996. The method of adding the layers of soil is repeated until the required total depth of
the soil inside the cylinders, of 35cm, is reached. Some samples of the compacted soil layers
were tested for their density. Bulk density for the pressed clayey soil has an average of 1050

kg/m? and that for the sandy soil is 1690 kg/m?.

2.6 Description of the accumulated infiltration depth Tests

Infiltration tests were carried out by adding water to a depth of 15 cm over the soil surface. The
infiltrated depth is measured by a graded ruler fixed on the outer side of the cylinder. The
infiltrated depth is recorded at short time increment during the few minutes after adding the
water then increased gradually until reaching the final time of the test. Smaller time increments
were used during experiments with sandy soil compared to that with clayey soil.

3. RESULTS AND ANALYSES

One hundred and twenty laboratory test runs were conducted to investigate the effects of
magnetized water on the accumulated depth of infiltration. Fig.5 through Fig.10 shows the
variation of accumulated depth of infiltration under all configurations of magnets and different
flow velocities throughout the magnetizing device for clayey soil. Table 3 presents a summary
of the effects of magnetizing water in increasing the accumulated depth of infiltration in the
clayey soil under the applied velocities and all configurations of magnets used in the
experiments. In general, increasing the number of magnets and reducing the flow velocity
increases the accumulated depth of infiltration. At the highest applied flow velocity of 1.19 cm/s
with My, configuration, a 6.3% increase in accumulated depth of infiltration was achieved. For
the same flow velocity with Ms_s configuration, this increase was 66.7%, which is 60.4% higher
than that with M, configuration. When reducing the velocity of flow water through the
magnetizing device to its applied minimum value of 0.29 cm/s the effects of magnetizing of
water are greatly increased. The increase in accumulated infiltration depth is 25% with M1
configuration and 98.2% with Ms_s configuration. This is about 18.7% and 31.5% increase
compared to that with maximum applied flow velocity of 1.19 cm/s with one and ten magnets,
respectively.

Fig.11 to Fig.16 shows the variation of the accumulated depth of infiltration in sandy soil under
all configurations of magnets and different flow velocity.

As it was noticed in the experiment with clayey soils, accumulated depth of infiltration increased
when using magnetized water. This increase depends on the number of magnets and the value of
flow velocity. Increasing the number of magnets and reducing the flow velocity increases the
accumulated infiltration depth. But this increase in sandy soil is much less than that in clay soil.
The increase of the accumulated depth of infiltration for sandy soil is 2.2% at the highest applied
flow velocity of 1.19 cm/s with M1 configuration, which is less by 4.1% than that with clayey
soil. When Ms.s configuration is used with the same velocity, the increase is 17.5%, which is
15.3% less than that with Mj. configuration and less by 49.2% than that with clayey soil. The
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highest increase is 34.2% at the minimum value of applied flow velocity with Ms_s configuration,
which is 16.7% higher than that with the maximum applied flow velocity and less by 64% than
that with clayey soil. A summary of the percentage of increase in accumulated depth of
infiltration in sandy soil is presented in Table 4.

4. CONCLOSIONS

This study aimed to evaluate and investigate the effects of magnetized water on the accumulated
depth of infiltration in the two types of soil. The results showed that the accumulated infiltration
depth of the two soil types increased when magnetized water is used compared to that with non-
magnetized water. The maximum percentage of this increase was 98.2% and 34.2% for clayey
soil and sandy soil, respectively. This maximum increase was achieved under the condition of
minimum applied flow velocity through magnetizing device of 0.29 cm/s and with ten used
magnets. The accumulated infiltration depth in clayey soil is affected by the magnetized water by
a maximum value of 64% more than that in sandy soil.
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Figure 12. Variation of accumulated infiltration depth with time for sandy soil, v=0.99cm/s.
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Figure 13. Variation of accumulated infiltration depth with time for sandy soil, v=0.79cm/s.
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Figure 15. Variation of accumulated infiltration depth with time for sandy soil, v=0.59cm/s.

70
—— Control
60 - ——M1-0
S ——M1-1
s %01 ——M 20
£ £40 - ——M22
£ S =M 3-0
3 £30 1 M 3-3
59 M 4-0
§ T 20 A M 4-4
3 104 4 ——M 5-0
< g ——M5-5
O L L] L] L] L] L]
0 10 20 30 40 50 60
Time, min

Figure 16. Variation of accumulated infiltration depth with time for sandy soil, v=0.29cm/s.

Table 1. Results of the tests carried out on the two soils used in the study.

Parameter Soil from sitel Soil from site2
Moisture content, % 2.60 0.45
Particle size distribution:
- % Sand 8.60 96.8
- % Silt 31.50 3.00
- % Clay 59.90 0.20
Texture class Clay Sand
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Table 2. Results of the tests carried out on the diluted water used in the study.

Parameter
PH 8.01
Electrical conductivity EC, dS/m 1.07
TDS, mg/l 697
TSS, mg/l 0.054
Alk. as CaCOg3, mg/l 90
T.H. as CaCO3, mg/I 70
Calcium Ca*, mg/I 138
Magnesium Mg**, mg/I 60
Sodium Na', mg/| 152
Potassium K, mg/I 5.3
Chloride, CI', mg/l 132
Sulfate, SO4~, mg/l 145
Carbonate CO3’, mg/I Nil
Bicarbonate HCOj3', mg/I 71
Nitrate, NO3, mg/I 2.561
Phosphate, PO,4, mg/I 0.352
Aluminum, Al, mg/I 0.152
Iron, Fe, mg/l 0.316
Manganese, Mn, mg/I 0.265
Zinc, Zn, mg/l 0.202
Copper, Cu, mg/l 0.0813
Lead, Pb, mg/Il 0.097
Cadmium, Cd, mg/I 0.042
Nickel, Ni, mg/I 0.117
Mercury, Hg, mg/I 0.079
Chrome, Cr, mg/I 0.095

Table 3. Increase in accumulated infiltration depth for clayey soil.

Increase in accumulated infiltration depth, %
) i Velocities, cm/sec.
Magnets Configuration

1.19 0.99 0.79 0.69 0.59 0.29
M 10 6.3 8.1 9.4 15.9 18.3 25
M 11 17.5 17.9 20.9 28.5 29.7 321
M 20 26.6 28.1 30.3 32.1 34.2 37.2
M o 31.7 33.1 35.6 40.7 40.9 45.5
M 39 34.2 36.2 42.7 44.3 449 54.5
M 33 41.3 43.5 45.3 48.4 50.4 57.5
M 40 45.7 47 48.4 54.1 60 62.6
M 44 48.8 50.8 56.1 62.2 71.1 72.76
M s 53.5 57.9 60.8 69.9 76.8 86
M 5.5 66.7 68.7 79.9 89 94.1 98.2

105




Number 3

Table 4. Increase in accumulated infiltration depth for sandy soil.

Volume 23 March 2017

Journal of Engineering

Increase in accumulated infiltration depth, %
Velocities, cm/sec.
Magnets configuration

1.19 0.99 0.79 0.69 0.59 0.29
M 10 2.2 2.9 4 4.7 6.3 9
M 11 2.7 4 5.6 7.2 8.1 10.8
M 20 4.3 5.8 8.5 9.9 11.2 12.1
M 2 6.3 7.9 10.3 11.9 13.9 14.1
M 3,0 9 9.9 12.3 13.7 16.1 16.8
M 33 10.3 12.6 14.8 16.6 17.9 18.8
M 40 12.1 14.6 17 20.3 20.9 22.7
M 44 13.7 16.9 20 22.6 24 27.8
M 5.9 15.7 19.5 21.5 24.4 28.3 31.1
M ss 17.5 21.1 24.1 27.4 30.7 34.2
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ABSTRACT

This paper deals with studying the effect of hole inclination angle on computing slip
velocity and consequently its effect on lifting capacity. The study concentrates on selected
vertical wells in Rumaila field, Southern Irag. Different methods were used to calculate lifting
capacity. Lifting capacity is the most important factor for successful drilling and which reflex on
preventing hole problems and reduces drilling costs. Many factors affect computing lifting
capacity, so hence the effect of hole inclination angle on lifting capacity will be shown in this
study. A statistical approach was used to study the lifting capacity values which deal with the
effect of hole inclination angle and those values that do not put the effect of hole inclination
angle under consideration. Results illustrated that low hole inclination angles had a slight effect
on lifting capacity values , but this study could be used on high inclination angles like directional
wells or horizontal wells , hence high hole inclinations angle will yields high effect on lifting
capacity values.

Key words: hole cleaning; cuttings transport; lifting capacity; hole inclination angle; slip
velocity.
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1. INTRODUCTION

Sifferman and Becker ,1992 conducted after 4 — years multifactor experimental study on
hole cleaning in inclined wellbores, ten variables were used. They concluded that the variables
with significance influence on cuttings transport are mud annular velocity, mud density,
inclination angle and drill pipe rotation as well as pipe eccentricity.

The annular velocity of an oil well drilling operation is chosen to transport drill cuttings from the
bottom of the well to the surface , meanwhile it must maintain the concentration of cuttings in
the annulus within certain limits dictated by the drilling and formation conditions. Using
available experimental data, empirical equations describing the setting velocity of the drill
cuttings were first determined. Increasing the mud density, creating laminar annular mud flow or
rotating the drill pipe may also improve the carrying capacity of mud, Hopkin, 1967 and Chain,
1969.

A simple rig-site graphical technique was presented for determining hole cleaning requirements
for a range of hole sizes. This method used a set of charts which had been derived from a
computer model based on both laboratory and field measurements. Mud rheologywais shown to
be a key variable for optimizing hole cleaning in deviated wells, Luo, 1994.

It has been shown that in vertical annuluses, the fluid annular velocity has a major effect on the
carrying capacity of muds, while other parameters have an effect only at low to medium fluid
annular velocities, Hussaini and Azar, 1983.

Using the concept of minimum transport velocity, which presumes that a hole can be efficiently
cleaned by either maintaining cuttings rolling or in suspension if the annular velocity is equal to
or greater than the minimum transport velocity for that operational condition, Paden and Ford,
1990.

Several experimental studies have been performed to determine the minimum annular velocity
required to lift the cuttings, and the results showed that a minimum annular velocity of 50 ft/min
is required to provide effective cutting transport for a typical drilling fluid. However the slip
velocity of the cuttings determines how effective the cutting transport will be, Mojisola, 2005.
Rabia, 2001 showed that for optimum lifting capacity the following factors must be considered:
1- Turbulent flow is most favorable for efficient removal of cuttings.

2- Low viscosity and low gel strength of mud are desirable properties for cuttings removal.

3- High mud density efficiently helps to remove cuttings away from the wellbore.

4- Pipe rotation aids the removal of cuttings.

Jerzy et al., 2013 studied the behavior of the slip velocities in a two-phase (solid and liquid)
mixture flow in a vertical pipe. It was noted that the measured slip velocities in the two-phase
flow were influenced by the fluctuations in the concentration of the flowing mixture during the
measurement. Furthermore, the shape of the cuttings could affect the precision of the measured
slip velocities.

Onuoha et al., 2015 illustrated the effect of hole inclination angle on the Cutting Transport
Ratio (CTR). It was concluded that when using water-base mud as a drilling fluid, the CTR found
to be decreased when the inclination angle is between 0° and 60°. On the other hand, when using
polypropylene beads with water base mud would improve the CTR, especially at high inclination
angle (i.e. 75° — 900).

Mohammadsalehi and Malekzadeh, 2011 developed a computer program that combines
Larson's and Moore models to predict the minimum flow rate of the transported cuttings for the
hole inclination angles range from 0° to 90°. For inclination angles between 55° — 9Q°, the
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rheological properties of the drilling mud goes higher causing the flow rate to be decreased,
while for higher inclination angles, lower rheological properties of the drilling mud is more
favorable to obtain better hole cleaning efficiency.

2. THEORETICAL BACKGROUND

Efficient removal of cuttings from the wellbore is one of the major considerations during both
design and operational stages of a drilling process. Inadequate hole cleaning may give rise to
serious drilling problems, like increase in torque and drag, stuck pipe, loose control on density,
difficultly when running and cementing casing, etc. To avoid such problems, generated cuttings
have to be removed from the wellbore by the help of the drilling fluid. The ability of the fluid to
lift such cuttings is generally referred to as carrying capacity of the drilling fluid.

Factors affecting the ability of drilling mud to lift cuttings are (1) fluid rheological properties, (2)
particle setting velocity, (3) particle size and size distribution, geometry and concentration, (4)
penetration rate of drill bits, (5) rotary speed of drill string, (6) fluid density, (7) hole inclination,
(8) mud type, (9) drill pipe position and (10) drill pipe size. Simultaneously, the determination of
carrying capacity of a mud becomes a complicated problem.

2.1 Cuttings transport parameters:

1- Slip velocity (Vg). Slip velocity is the falling cuttings velocity in the annulus, according to the
law of gravity.

2- Cutting velocity (V). Cutting velocity is the velocity that must be fulfill by cutting to the
surface.

3- Minimum velocity (Vmin). Minimum velocity is a required velocity of the annular fluid so than
the cutting can be transported to the surface.

The mathematical relation is defined as follows, Indra and Rudi, 2002:

Veut =Vmin —Vsi @

4- The Cutting Transport Ratio (CTR), which is defined as the ratio of the cutting transport
velocity over the minimum mean annular velocity as follows:

CTR= Your _ 3 Va (@3]

min min

A (CTR) of 1.0 or 100% implies perfect hole cleaning.
- If CTR > 0 cuttings are moving upward.
- CTR should be > 0.5 for optimum hole cleaning.

Obviously total removal of drill solids would correspond to a transport ratio of 100 percent,
however this degree of efficiency can be difficult to achieve because of practical constraints.

2.1.1 Moore correlation:

Several equations were presented by Moore, 1974 for the calculations. Reynold's number is
calculated from:
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928 Vg d
Nige =~ ®

For Reynold's number greater than 300, the slip velocity can be calculated as follows:

Vg (ft/sec) = 1.54 |d, . Pe—PT (4)
Pt

For Reynold's number less than 3, when flow is considered to be laminar, the slip velocity
equation becomes:

2
V,, (ft/sec) =82.87 ds (ps —pP+) (5)
j9)

For intermediate Reynold's numbers corresponding to the transitional flow regime, slip velocity
can be calculated as:

174.7 dg (ps —p )%’

0.333 0.333 (6)
* e

Vg (ft/min) =

f

2.1.2 Chien correlation:
Chien correlation assumed a general empirical equation for calculating slip velocity as follows,
Chien, 1972:

ds(ps _pf) )0_5
[oF

V (ft/min) = 86.5 ( @)

Moore correlation is used in normal vertical well to determine these parameters. But in deviated
or even horizontal wells Moore correlation cannot be applied. Indra and Rudi , 2002 developed
a new correlation for this problem that is used to determine the parameters. The correlations are
as follows:

For the case of < 45
where @ represents the hole inclination angle.

Vo (ft/min) = Vo (ft/ miny + | (2200600 = N)B+pe) |y, ) miny @)
min — Vecut 405000 sl

For > 45"

V.o (ft/miny =V, ( ft/min) + [(600 _3N02(5+pf)} vV, (ft/min) 9)
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While, V¢ is solved as following:

ROP
2
d .
36 1—(‘“”} Ceonc
dhole

Veut Should convert to (ft/min) units. Another method to predict the value of cuttings transport
ratio assumed by Darely and Gray, 1988 as follows:

Vo, (ft /sec) = (10)

1- Calculating annular velocity (Vmin) based on flow rate (Q), hole and pipe diameter:

Vhiin = & 11

2 2
dhole —d pipe

2- After calculating Vmin the next step is to use Sifferman’s graph by plotting the velocity (Vmin)
to intersect with the type of drilling fluid used where this approach four types of drilling fluids
(water, thin mud, intermediate mud and thick mud), and from this intersection , cuttings transport
ratio will be determined as shown in Fig. 1.

Guo et al. (1993) presented an equation to determine the expected cutting size as follows:

_ 12 ROP

== 12
s=%0 N a2
Wolfgang, 2001 submitted another approach to know the cutting size as:
dg=— 9 13)
104 (ps —Ps )
— p,+ —9 (133)
Ps = P1™ 1044,

where 7y represents the gel strength required to suspend particle of the cutting diameter.

3. COLLECTION OF DATA
Data was collected from Iraqgi South Oil Company. Drill bit records, mud control, and drilling

tubular data for five drilled wells in Rumaila field, Southern Iraq were used for the calculations
in this study.

111



Number 3 Volume 23 March 2017 Journal of Engineering

4. RESULTS AND DISCUSSION
4.1 Regular calculations (when angle of inclination was not taken under consideration):
4.1.1 Annular velocity calculations:

First of all, the unknown parameters must be determined such as cutting size diameter and
cutting density. Taking into consideration that all used parameters must be in homogenous units
by using conversion factors. Guo equation, i.e. eq. (12) is used to compute cutting size diameter
(ds). To calculate cutting density (ps) equation (13a) is used, where 7y in eq.(13) represents the
highest reading of zero gel or 10 min. gel, Lee et al. 2004.

Both computed cutting size diameter and cutting density are tabulated in Tables (1), (2), (3), (4)
and (5) for wells Ru-273 , Ru-301 , Ru-285 , Ru-283 and Ru-281 respectively. Surprisingly,
some of the calculated cutting density exhibits high values. This might be attributed to the
inexact estimation of the cuttings size as there is no perfect approach for the cutting size
estimation.

The next step of calculations is annular velocity computation using equation (11) and its results
were tabulated in Tables (6), (7), (8), (9) and (10). The computed annular velocity is used to
determine cutting transport ratio (CTR) by Sifferman’s graph, Fig.1. This approach is considered
the quickest, but not the most accurate method of CTR determination. The determined values of
cutting transport ratio (CTR) by Sifferman’s graph are tabulated in Tables (6), (7), (8), (9) and
(10). It is noticed from Sifferman’s graph that this method Is extremely limited to fixed types of
drilling fluid properties such as x, , Yp , zero min. gel and 10 min. gel for four types of fluids.
Furthermore, it is noted that for high values of flow rate (Q), there is considerable corresponding
values for CTR, whereas low Q values produced unknown CTR values as shown in Tables 6-10.
The computed values of annular velocities by eq. (11) are used later beside the slip velocity to
compute cutting transport ratio (CTR) by using eq. (2).

According to Rabia, 2001, hole cleaning will be efficient if annular velocity V, or Viin, must be
greater than slip velocity Vs and it is observed that at annular velocities of less than 100 ft/min. ,
particle slip velocity in both Newtonian and non-Newtonian fluids is independent of the fluid
annular velocity. Above an annular velocity of 100 ft/min., there appears to be a dependence of
slip velocity on annular velocity.

4.1.2 Slip velocity calculations:
According to Rabia, 2001, the type of flow considered for slip velocity calculations will be

chosen to be transitional (between laminar and turbulent), because the type of flowing is
unknown. Using power-law model equations:

n=3.32 |og(MJ 14)
300

The following equations are so useful for k, p, and Y, calculations:

Ko =Pg00 —P300 15),  deoo=Hp + P300 (15a)

Yp =300 —H p 16), $300 :Yp +Up (16a)
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K = ¢3OO (17)
(511) "

n
*\/ * 200K (D, — OD
b, =| 24"V (2rl+l) - (Dn p) 8)
(D, —OD, *3n V,
: dpipe * (Ps —p )%’
Vg, (ft/min) =174.7 —PPL22 —ons 9)
He
1 ROP * D,,?
Ceonc %) = S . (20)

60 (V, —Vy)(D,*>—0D,?)

From the given data the parameters @so0, ®s00 , N, K, te and Vg are computed using Equations
(16a),(15a),(14),(17),(18) and (19) respectively. Later, CTR and Cconc. Will be computed using
equations (2) and (20) respectively.

The results of the used equations above were tabulated in Tables (11), (12), (13), (14) and (15)
for wells Ru-273 , Ru-301 , Ru-285 , Ru-283 and Ru-281 respectively .

All the previous calculations were done when the angle of inclination was not considered.

4.2 Calculations when small angles of inclination were considered (semi vertical well):
4.2.1 Cutting velocity calculation:

By getting the benefit of C.o,c Values computed from above equations, cutting velocity will be
computed using equation (10). The resulted cutting velocity will be in units of ft/sec. and should
be converted to units of ft/min.

4.2.2 Annular velocity calculations:

For the case of inclination, annular velocity will be calculated using equation (8), because the
data given were exclusive for the case of angle of inclination (6 < 45).

Slip velocity values computed above when angle of inclination was not under consideration will
be used altogether with the computed values of Viim and Veygney for case of inclination to
calculate CTR values for case of inclination. The resulted values were tabulated in Tables (16),
(17), (18), (19) and (20) for wells Rumaila-273, Rumaila -301, Rumaila -285, Rumaila -283 and
Rumaila -281 respectively. It is noted that, some values of slip velocities were obtained due to
the uncertain method of cutting size determination. Cutting size (ds) affect the slip velocity (Vs)
and consequently Cutting Transport Ratio (CTR).

4.3 Figures interpretation:
From the obtained results, plotting depth vs. Cuttings Transport Ratio (CTR) for three cases
(Normal, Sifferman’s and inclined).

Figures 2-6 represent the plot of CTR vs. depth for wells Rumaila -273, Rumaila -301, Rumaila -
285, Rumaila -283 and Rumaila -281 respectively.
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From these figures, it has been realized that Sifferman’'s method gave an approximate values of
CTR i.e. not accurate as the other methods mentioned above. Furthermore, the methods applied
in this study when small angles of inclination are considered also gave some abnormal values
which confirm that there is no ideal method of the CTR determination when the case of
inclination angle is considered.

In addition, Figures 2-6 plotted showed that the inclination angles hence were so low and near to
1° or less (vertical wells) subsequently it had a slight effect on CTR calculated values that took
angle of inclination into consideration, but when the angle of inclination increases, it is supposed
that it gives higher effect on calculated CTR values and that point is extremely clear for inclined
wells (deviated wells) and horizontal wells where the effect of gravity is obvious.

4.4 Statistical study of normal and inclined values of CTR:

The Paired-Samples T- test procedure compares the means of two variables for a single group. It
computes the differences between values of the two variables for each case and tests whether the
average differs from 0.

Statistics: For each variable: mean, sample size, standard deviation, and standard error of the
mean. For each pair of variables: correlation, average difference in means, t test, and confidence
interval for mean difference standard deviation and standard error of the mean difference will be
determined as shown below by using SPSS program :

T-test for well Rumaila-273

Paired Samples Statistics

Std. Error
Mean N Std. Dev iation Mean
Pair CTR_NOR ]94.964125 4 5.062440 | 2.531220
1 CTR_INC ]96.184533 4 3.660406 | 1.830203
Paired Samples Correlations
N Correlation Sig.
Pairl CTR NOR & CTR_INC 4 .998 .002

Paired Samples Test

Paired Diff erences

95% Conf idence
Interv al of the

Std. Error Difference
Mean Std. Dev iation Mean Lower Upper t df Sig. (2-tailed)
Pair1 CTR NOR - CTR INC | -1.220408 1.430310 .715155 | -3.496350 | 1.055535 -1.706 3 .186
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Std. Error
Mean N Std. Deviation Mean
Pair CTR_NOR |93.228835 4 4.095601 2.047801
1 CTR INC 94.927175 4 2.840964 1.420482
Paired Samples Correlations
N Correlation Sig.
Pairl CTR NOR & CTR_INC 4 .998 .002
Paired Samples Test
Paired Diff erences
95% Conf idence
Interv al of the
Std. Error Dif ference
Mean Std. Dev iation Mean Lower Upper t df Sig. (2-tailed)
Pair1 CTR _NOR - CTR_INC | -1.698340 1.276486 .638243 | -3.729515 .332835 -2.661 .076
T-test for well Rumaila -285
Paired Samples Statistics
Std. Error
Mean N Std. Deviation Mean
Pair CTR_NOR ]91.375008 4 7.571113 3.785557
1 CTR_INC 93.521985 4 5.441166 2.720583
Paired Samples Correlations
N Correlation Sig.
Pair1 CTR NOR &CTR INC 4 .999 .001
Paired Samples Test
Paired Diff erence
95% Conf idence
Interv al of the
Std. Error Difference
Mean Std. Deviation Mean Lower Upper t df Sig. (2-tailed)
Pairl CTR NOR - CTR_INC | -2.146978 2.145157 1.072579 | -5.560401 1.266446 -2.002 .139
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Std. Error
Mean N Std. Dev iation Mean
Pair CTR_NOR |89.538175 4 7.126445 3.563223
1 CTR INC 91.980903 4 5.338956 2.669478
Paired Samples Correlations
N Correlation Sig.
Pairl CTR NOR & CTR_INC 4 .999 .001
Paired Samples Test
Paired Diff erences
95% Conf idence
Interv al of the
Std. Error Diff erence
Mean Std. Deviation Mean Lower Upper t df Sig. (2-tailed)
Pair1 CTR NOR - CTR_INC | -2.442728 1.800726 .900363 [ -5.308084 422629 -2.713 .073
T-test for well Rumaila -281
Paired Samples Statistics
Std. Error
Mean N Std. Deviation Mean
Pair CTR_NOR |92.565325 4 5.744746 2.872373
1 CTR_INC 94.328388 4 4.264596 2.132298
Paired Samples Correlations
N Correlation Sig.
Pair1 CTR NOR &CTR INC 4 1.000 .000
Paired Samples Test
Paired Diff erences
95% Conf idence
Interv al of the
Std. Error Diff erence
Mean Std. Deviation Mean Lower Upper t df Sig. (2-tailed)
Pairl CTR NOR -CTR INC | -1.763063 1.484251 742125 | -4.124837 .598711 -2.376 .098

As shown above from the statistical correlation between normal CTR and inclined CTR the
difference between standard deviation for both normal and inclined CTR are relatively low also ,
the same thing applied on the difference between standard error mean and that means that the
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values of CTR are approximate and subsequently it means that the effect of angle of inclination
on inclined CTR values had slightly effect, because the angle of inclination does not exceed
1.75° but it is reasonable that when the angle of inclination is high and that reflects on the values
of CTR for inclination and subsequently the difference between normal CTR and inclined CTR
will be high and the analysis for that case will be absolutely different especially for deviated and
horizontal wells.

5 CONCLUSIONS

1-

2-

From the obtained results of CTR during the case of inclination, the hole inclination angle
has slight effect on CTR values, especially for angles less than 1°, whereas for inclination
angles greater than 1°, the CTR values seemed to be slightly decreased.

For shallow depths, high rate of penetration values are used to achieve maximum drilling
efficiency leading to high cuttings concentration and consequently low CTR, i.e. CTR
values are inversely proportional with cuttings concentration.

In general, low inclination angles taken in the present study did not show clearly an
effective influence on the CTR values. Further investigation for high inclination angles
i.e. (derived or horizontal wells) is required for future studies.

The calculations obtained in this study when small values of inclination angles are
considered showed abnormal values of cutting density, slip velocity, minimum annular
velocity and cutting transport ratio due to the inexact determination of cutting size.
Accurate determination of the cutting size is required to give more precise results.

NOMENCLATURE

Ceonc. © CUtting concentration, percentage.
CTR : cutting transport ratio ,percentage or fraction.
dhote OF Dy, : hole diameter ,in..

dpipe OF ODy, : pipe outside diameter ,in.
ds : cutting diameter ,in.

N : rotary speed ,RPM.

Nre: reynold's number, dimensionless.

Q : flow rate ,gal./min.

ROP : rate of penetration ,ft/hr.

Vet : cutting transport velocity | ft/sec.
Vmin.: minimum annular velocity ,ft/min.
Vg : slip velocity ,ft/min

Y, : yield point (Ib/100ft?).

6 : angle of inclination ,degree.

la © apparent viscosity c.p.

e - effective viscosity ,c.p.

up - plastic viscosity c.p.

pt Or pm - fluid mud density ,Ib/gal..

ps . cutting density ,Ib/gal.

74 gel strength ,10/100ft°.

Dy : dial reading @ 300 rpm.

Dgoo - dial reading @ 600 rpm.
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Table 1. Parameters of well Rumaila -273.

Depth Specific Ps Ty ROP ROP N ds ps (Ib/gal)
(m) gravity (Ib/gal) (Ib/100ft>) | (m/hr) (ft/hr) (rpm) (in.)
525 1.08 8.9964 10 9.495 31.153 100 0.0623 24.43
123.15
(abnormal
1917 1.17 9.7461 17 1.7662 5.795 80 0.0144 value)
2332 1.22 10.162 5 1.454 4.77 70 0.0136 455
2395 1.19 9.9127 5 4.666 15.31 60 0.051 10.61
Table 2. Parameters of well Rumaila -301.
Depth Specific P Ty ROP ROP N d, ps (Ib/gal)
(m) gravity (Ib/gal) (Ib/100ft?) (m/hr) (ft/hr) (rpm) (in.)
460 1.06 8.8298 8 12.74 41.914 100 0.0838 18.004
1850 1.14 9.4962 8 2.61 8.5869 70 0.0245 40.875
2296 1.17 9.7461 15 2.28 7.501 80 |o0.0187 | 86831
(abnormal value)
2346 1.18 9.8294 14 2.3 7.567 50 0.0302 54.379
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Table 3. Parameters of well Rumaila -285.

Depth Specific P Tq ROP ROP N d, Ps
(m) gravity Ib/gal) (Ib/100ft?) (m/hr) (ft/hr) (rpm) (in) (Ib/gal)
461 1.07 8.9131 16 15.36 50.534 90 0.112 22.641
1850 1.12 9.3296 12 3.48 11.449 60 0.038 39.676
2288 1.17 9.7461 10 2.89 9.508 80 0.023 51.528
2358 1.15 9.5795 10 6 19.74 50 0.0789 21.759

Table 4. Parameters of well Rumaila -283.

Depth Specific Pt T ROP ROP N ds Ps
(m) gravity (Ib/gal) (Ib/100ft?) (m/hr) (ft/hr) (rpm) (in) (Ib/gal)
503 1.08 8.996 15 10.93 35.959 80 0.0898 | 25.048
1918 1.14 9.496 14 3.29 10.824 80 0.027 | 59.325

66.513
(abnormal
2325 1.17 9.7461 14 2.89 9.508 80 0.0237 value)
2378 1.15 9.579 12 4.9 16.121 50 0.0645 27.458
Table 5. Parameters of well Rumaila -281.

Depth Specific Pt T ROP ROP N ds Ps
(m) gravity (Ib/gal) | (Ib/100ft>) | (m/hr) | (ftthr) | (rpm) | (in) | (Ib/gal)
500 1.08 8.996 16 10.17 33.459 80 0.0836 27.388
1955 1.15 9.579 14 3.6 11.844 60 0.0395 | 36.355
2377 1.18 9.829 11 3.28 10.791 80 0.0269 49.126
2421 1.15 9.579 14 2.8 9.212 50 0.0367 46.1

Table 6. Annular velocity calculations of well Rumaila -273.

Depth Q (L/min.) | Q (gal/min.) dhote ODyipe V min CTR by Siff.
(m) (in.) (in.) (ft/min) graph (%)
525 2000 528.36 17.5 5 46.026 near 78%
1917 1400 369.81 12.25 5 72.446 near 91%
2332 1500 396.225 8.5 5 205.45 unknown
2395 760 200.754 6 3.5 207.093 unknown

Table 7. Annular velocity calculations of well Rumaila -301.

Depth | Q (L/min.) | Q (gal/min.) dhole ODypipe Vmin CTR by Siff.
(m) (in.) (in) (ft/min) graph (%)
460 2250 594.337 17.5 5 51.773 near 79.5%
1850 1200 316.98 12.25 5 62.097 near 84%
2296 1500 396.225 8.5 5 205.45 unknown
2346 825 217.923 5.875 3.5 239.798 unknown
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Table 8. Annular velocity calculations of well Rumaila -285.

Depth Q (L/min.) | Q (gal/min.) dhole ODyipe V min CTR by Siff.
(m) (in.) (in.) (ft/min) graph (%o)
461 2287 604.111 17.5 5 52.624 near 79%
1850 1220 322.263 12.25 5 63.1319 near 83.5%
2288 1525 402.828 6 3.5 415.548 unknown
2358 838 221.357 6 3.5 228.347 unknown

Table 9. Annular velocity calculations of well Rumaila -283.

Depth | Q (L/min.) | Q (gal/min.) dhole ODyipe Vmin CTR by Siff.
(m) (in) (in) (ft/min) graph (%)
503 2135 563.96 17.5 5 49.127 near 79.5%
1918 1830 483.394 12.25 5 94.6978 near 93%
2325 1448 382.489 8.5 5 198.327 unknown
2378 750 198.112 6 3.5 204.368 unknown

Table 10. Annular velocity calculations of well Rumaila -281.

Depth | Q (L/min.) | Q (gal/min.) dhote ODpipe Vmin CTR by Siff.
(m) (in.) (in.) (ft/min) graph (%)
500 2240 591.696 17.5 5 51.543 near 81%
1955 1982 523.545 12.25 5 102.5635 near 97%
2377 1525 402.828 8.5 5 208.873 Unknown
2421 780 206.037 6 3.5 212.543 Unknown

Table 11. Slip velocity and cuttings transport ratio calculations of well Rumaila -273.

Depth d_hole O!:)pipe q)BOO (I)600 n K |Je Vsl_ CTR Cconc.
m) | (n) | (in) (cp) | (fUmin) | (%) o6
525 17.5 5 22 30 0.447 1.353 227.172 5.335 88.409 1.389
1917 12.25 5 24 30 0.322 3.227 213.053 4.639 93.597 0.171
2332 8.5 5 22 32 0.540 0.757 42.766 3.389 98.351 0.060
2395 6 3.5 20 30 0.585 0.522 31.486 1.035 99.500 0.188

Table 12. Slip velocity and cuttings transport ratio calculations of well Rumaila -301.

Depth d_hole Oppipe (DBOO (DGOO n K |Je Vsl_ CTR Cconc.
(m) (in.) (in.) (c.p) (ft/min) (%) (%)
460 17.5 5 44 30 0.6517 0.481 115.433 6.395 87.649 1.676
1850 12.25 5 50 30 0.689 0.421 87.041 4,553 92.667 0.298
2296 8.5 5 58 32 0.728 0.373 50.8178 7.505 96.347 0.0966
2346 | 5.875 3.5 52 30 0.7 0.407 41.282 8.985 96.253 0.085
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Table 13. Slip velocity and cuttings transport ratio calculations of well Rumaila -285.

Depth d_hole Oppipe d)300 q)600 n K I-J'e Vsl_ CTR Cconc.
(m) (in.) (in.) (c.p) (ft/min) (%) %)
461 175 5 26 38 0.547 0.857 164.922 9.899 81.190 2.147
1850 12.25 5 27 39 0.530 0.989 130.613 6.068 90.388 0.401
2288 6 3.5 40 65 0.700 0.508 44,435 6.416 98.456 0.059
2358 6 3.5 26 40 0.621 0.540 37.755 10.270 95.503 0.229

Table 14. Slip velocity and cuttings transport ratio calculations of well Rumaila -283.

Depth qhole OI_:)DiDe (I)3OO (I)GOO n K Ue Vsl_ CTR Cconc.
(m) (in.) (in.) (c.p) (ft/min) (%) (%)
503 17.5 5 40 65 0.700 0.508 136.632 9.350 80.967 1.641
1918 12.25 5 25 36 0.526 0.942 101.311 6.493 93.143 0.245
2325 8.5 5 28 42 0.585 0.731 51.611 7.716 96.109 0.127
2378 6 35 22 32 0.540 0.757 36.725 10.946 94.644 0.211

Table 15. Slip velocity and cuttings transport ratio calculations of well Rumaila -281.

Depth d_hole Ol_:)pipe D3 D40 n K Ue Vsl_ CTR Ceonc.
(m) (in.) (in.) (c.p) (ft/min) (%) %)
500 17.5 5 40 60 0.585 1.044 218.962 8.146 84.195 1.399
1955 12.25 5 30 46 0.616 0.643 89.583 6.518 93.645 0.247
2377 8.5 5 38 58 0.610 0.848 65.981 6.297 96.985 0.136
2421 6 35 29 46 0.665 0.458 41.069 9.699 95.436 0.115

Table 16. Cutting velocity, annular velocity and cuttings transport ratio calculations for case of
inclination for well Rumaila -273.

Depth Veut Vut Angle of inc.(0), Vmin CTR for
(m) (ft/sec) (ft/min) Degree (ft/min) inclination ,
(%)
525 0.678 40.691 1 44.405 91.637
1917 1.130 67.807 1.75 71.489 94.849
2332 3.368 202.061 1 204.805 98.661
2395 3.434 206.058 1.25 206.905 99.591
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inclination for well Rumaila -301.

Depth Veut Veut Angle of inc.(0), Vmin CTR for
(m) (ft/sec) (ft/min) Degree (ft/min) inclination ,
(%)
460 0.7563 45.379 1 49.768 91.1803
1850 0.9591 57.544 1 61.043 94.268
2296 3.299 197.945 0.25 203.533 97.254
2346 3.847 230.813 0.25 237.936 97.006

Table 18. Cutting velocity, annular velocity and cuttings transport ratio calculations for case of

inclination for well Rumaila -285.

Depth Veut Veut Angle of inc.(0), Vmin CTR for
(m) (ft/sec) (ft/min) Degree (ft/min) inclination ,
(%)
461 0.712 42.726 0.25 49.482 86.345
1850 0.951 57.064 0.5 61.653 92.557
2288 6.819 409.132 0.75 414.015 98.821
2358 3.637 218.077 0.75 226.235 96.394

Table 19. Cutting velocity, annular velocity and cuttings transport ratio calculations for case of
inclination for well Rumaila -283.

Depth Veut Veut Angle of inc.(0), V min CTR for
(m) (ft/sec) (ft/min) Degree (ft/min) inclination ,
(%)
503 0.663 39.777 05 46.4015 85.723
1918 1.47 88.204 1 93.101 94.741
2325 3.177 190.611 0.5 196.42 97.043
2378 3.224 193.422 0.5 202.023 95.742

Table 20. Cutting velocity, annular velocity and cuttings transport ratio calculations for case of
inclination for well Rumaila -281.

Depth Veut Veut Angle of inc.(0), Vmin CTR for
(m) (ft/sec) (ftt/min) Degree (ft/min) inclination ,
(%)
500 0.723 43.397 0.75 49.231 88.149
1955 1.601 96.046 0.5 101.074 95.0249
2377 3.376 202.577 0.25 207.296 97.723
2421 3.381 202.844 0.25 210.383 96.417
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Figure 1. Sifferman’s graph for cutting transport ratio determination

(Sifferman and Becker, 1992).
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Figure 2. Relationship of cuttings transport ratio vs. depth for well Rumaila -273.
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Figure 3. Cuttings Transport Ratio (CTR) vs. depth for well Rumaila -301.
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Figure 4. Cuttings Transport Ratio (CTR) vs. depth for well Rumaila -285.
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Figure 5. Relationship of cuttings transport ratio vs. depth for well Rumaila -283.
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Figure 6. Relationship of cuttings transport ratio vs. depth for well Rumaila -281.
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The Impact of Urban Solid Waste Management on Urban
Environment

ABSTRACT

The growing population and the rising standard of living in cities as well as the

increased commercial, industrial and agricultural activities around the world led to
massive production of waste containing different materials and one of them is the
municipal solid waste (MSW), so there is a major problem facing the cities around the
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world about the waste, how to collect, transfer it and how to discard it. Because the
accumulation of wastes, whether in the city alleys or in its squares and especially in
its residential areas affect the health of their populations besides this situation will be
a major indication of the deteriorating quality of life in the city, as hygiene considered
a fundamental criterion for the city beauty as well as an indication of the protection
provided by the city to their environment and the level of protection provided to the
health of city residence. The accumulated waste which is left in the city without
treatment significantly affects the psychological behavior of the residence of these
areas towards their community and environment and therefore their behavior towards
their regions and their cities. From here emerged the general research problem
concerning the modern civilization and its lifestyle that produced great amounts of
(municipal solid waste), which became a big problem facing the modern cities
concerning their collection, transportation and finally their disposal, how can these
great amounts of waste be used whether by recycling, energy recovery or transferring
to plant fertilizers ... etc. To serve the sustainable growth of these modern cities, this
lead to the specific research problem concerning the lack of clarity concerning the
impact of waste collection, transporting and treating and city urban environment and
its townscape. Research Hypothesis: The process of collecting, transporting and
treating city solid waste or using it has a great impact on city urban environment and
its townscape.

Key words: Urban solid waste, landfills, Ecological urban park.
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Alall U0 8 dals) cllall e paldill le s 8V 43 Hlall @l ) Lo 4l Y1 45, ylall 038 36US a2
(Adrie V. et al,2005,p.3). Sl 8 Lgad ) o ()
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Lgilly sall B glall Adlslall (3 all ddae 5 Blall A Aagdal) blall culSa (6-JS4)
Johann F. www.iswa.org/.../5b%20Landfilling%20in%201raq%20-%20From%,

J) i) aypudl 88 Tl 2 L0Y jaaeS cillall o saliiny) 8 Sl (a5 sl el J s ellia
) a5 A Aallall Cooall eleil 2ny 5 ((1904) ale L&l 3 a Bash (e AL £ ddaas
hadl e Aaiial Al A Codi ) Cua A8l 4 ) jal) Al £ jua ol sl
daxiinad) Aial) Jans (30 (1996) ple (22%6) 4 S (1985) ple (10%) (ro ol Lo Loy 8225l
i) o) ()l @i (2020) ale Jslag (50%) ) Al o38 Juary xud & 5 ysadl b
Gl L Gon @5 Cua (2010) ple Lo ASlginall ALY Jena (s (3206) JSI5 Ay sl S5en
Al el A el e pla it ded

O Ay ) e A8l ZlY ddaae Jsl bl G A el saatiall ¥ gl b Jlad) Sl
(15%) alaiind &5 Cua (1999) ale in Uasin 51 gmam a3 daldal) 2Ly olas) 138 o)) Y1 (g il
A Sl Al i alall Gl & A8 LY jaiaeS saaiall Y ol J ke 8 dadiall i) 4 e
i Lo iy saniall Y gl 8 el (e Al 215 ddass (87) 2sas I (2010) ale Lyl
alaill §)a dolee o5 (Matt W.,2011,p3-6).32s3all LY 6l Lgardtius Al d8Uall Jase (10 (0.4%)
3 ebogSl o gl Al A8LLl (e BAEY) b &5 (e Aysie A2 (850) A el 31 Aa )y (S
LS L ha Call (300-50) ¢ e 51 <l ilaeS il 2L Cillane llging ¢ 2l Laladii
Sub ) Akl B ol aanS (i) Sla ) Blanall 5 Goall 2xy il clilie (e Bl (Say
(32) = a8 4 Hie e saaial) ASLedll ail (2010) ale A ¢ gl sdl) dails 8 derdiidl (base
zloAs &8 g ASledll 8 il LSl Leia (48%0) a2 &5 5 (39%0) 4 Lo s &5 Gl (ke
) A (e (1796) U Saall (o adly o) puall oy daih el e ApeSl 038 (1a (13%) (0 Al
Osile Aia o ylaia La ) sias it asial) 4SLaall () LS (2020) ple Jslay culiail) (o sasiall ASLeall Lgaling
VI (Biogas) sl sl )z Taaaia T jaian 058 o) (S () Al & guanll UG (e o
(7-J%45 )(2020) ple Leali sasiall Ahaall o ) 3oaaiall Z8UAN Ao (ga (8-496) i o) Sa
.(Renewable Energy Assossiation,2011,p.3-5)
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sasiall L sins il (e ol all (300) g 5 (2014) ple Lgalil 3 il sasiall 3SLeall Staffordshire asa

(Renewable Energy Assossiation, 2011, p.6)

Basiall dSlaall, & el e d8Ual) ~WY stafforshire ddass
ee.ricardo.com/.../Lakeside-Visitors-Presentation-abrdgd-dc-112-EP.

L st LA e (e Al (165) cllgin s (2004) ale Lealii) &5 saaiall 4Slaall & (Marchwood) dass
www.google.ig/search?g=marcwood+waste+power+plant&sa

@anll biaghia 5 Anaall panll Al e ol ) Ll G 28Ul z16) claadd Adlie 7 3l (7-0S5)
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Ga b Osle Algiuiu Gl 5 QU (e A8l LY dasa sLasY sastial) A jall Gl Y] Cin LS

355 5 sl G GsSl anSl JU e Ge b gale (1.5) slie e Gla) qiad 5 Lsia il
(8-J88) 4l e Al e Lol 5 Lase (100) Lealis) e ol yeSIL lile <l (20)
(www.ramboll.com/projects/re/waste-to-energy-facility-in-abu-dhabi)

ablal) e d8lall Y ol gl ddasa (8- J3)
http://www.gsda.co.uk

O B3al5 )5S s La gy SLEN e ha (5000) llginin ) (Schenzhen) dasa el (el Labass g
dox e Dol sen dsa s 58 allin o Db g5 pdall Gae Lo Jiisd) (8 gl sl Adase (300)
OV LS i Guala Tad sai ¢y €30 @l g ddanl) 3 Jaad) Jal e e Alaje S & il dasdll il Sa
0o Sad Al el ALl b il o ye e il (44) Aalisa el LAY aie Gty 3 Yo sl
(9-054) il e jaa¥) olae dallaal (3halia 5 ¢l juiad Chgiu dsa g
www.fastcoexist.com/.../this-massive-waste-to-energy-plant-will-be-t.

Al ddasa S cpall-ablal) e ddall -G (Schenzhen) ddass (Q—JS&)
www.fastcoexist.com/.../this-massive-waste-to-energy-plant-will-be-t.
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:(Bi0-Mass) ) sa3d) Jlail) i) aa, -2-9

b e Lag) Ay gumall O pall sy 488000 LIS L o i Aplee il 0 5adU) Jilaill o yay
Y 28 S anladiul oSy @A) Gl Sall (g guaal) L) ALY (Q:\_;..»S}Y\ O sy s plakall
e A e el (2B Jlaill yring 5 3aandS ) (e diall (e BAELY 5 &8 gall A Al oS A8LL)
Bl Al @Rl Joe 05w Legaladinl ol Lagle slaie W) (Sar ¥ cleall 0 W) sed) Sl
A ad) A sl dgas Y A semall e il gl B e dalladl e g sl 13 Jiad LDl o 5all
BaandS daadl il aladia) s Aded) sd e i s lall o sl i caleall Jie clal)
(Ranjith, 2012, p.43)

g gaitl) Abioual) CalAAY)  gaBias B il cpe ABUAN A g e gliia dadlive ciliilSal -1-2-9

@\ JA)J\ du\ s e\mu il )45 aﬁu, gl LSl e oA;.uJ\ ALl @ ilal Hall e J\
Lo A\;J\a.d L@m\ oS (cgmn isladll) b ey o 2L Cu‘y i, ,all g_al.:\.ssﬂ\ o) A i AN
(= (21 Mtoe) o laie Lo il (2020) ple Jstay dSlaall (8 daiiall 40 i) (e (2590) 4das
&= (2020) ale dariivudl &8 (e (2 MtOE) oo L b gy ClSall e anluu LeS saaaial) 23Ul
5l Guiil 280l (e (1.3 MIt0R) o hie Lay (s sead) 358501 (he A Jially il pms i)
(50%) Jakad (Al (11 Mtoe) 4 sane Loy sl Gl Sy lliil) (g daadiivsal) A8l Ui ale & sanaS
Gl e A i) Al () Aasdle (S 1A (2020) ple Lealiil o330 saaaial) ddlall dpS g
ah vl A (Goyanfi, 2007, P: 10).a5) a}s}S\ (e baaiual) AUl (e (13%0) 4t Lo a 'yl
Jay.d\ el il e a8 CLu\ 3el8S CB.J \JL.'J GH N ‘_glass bl e (4%) ERTIVE A DY )AL
25 Alile (250 000) < d8a il 5 ) glaall Jsall (e lail) e a (800 000) — Lads Le 2la sl
J\A.\]\ @L@N\ 3l LA_)ALUAYJJJ\JAY\‘_AQ d}uaaﬂ_)dm.n‘_;\ bl d.:_,;.au&y Yl.mgbddm
(http://florence20.typepad.com/renaissance/2012/12/sweden-wants-your-trash.html).(10-JS)

delull b i) (e sl (20) ol La 3y suall 8 il (e 28U LY Aass (10— JS5)

http://florence20.typepad.com/renaissance/2012/12/sweden-wants-your-trash.html

dhae o alblall e Al ZY dbae SV aeal a8 o glailall @ Wl
ais Sl mhas Jaiul a3 dua oldiia g A.m}dmL;JuueM.u(Amagerforbraendmg)
ds\a‘aj\M\wyjﬁd\mm@cufmwd)\;wckd\g\J}A}S\Hq\%\l.ﬂ\‘;cGJJ_\H

AR Ll e asls b Ga G Al 28lall Jolas illy 8l sass (Mote) 2
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5SS i (30) Lk Al o clila BB e g 5kl (alie et cdlalal 4ililady iy il sl
2 55 sk (OaleisS) Aae Ol L8N (s Sl Sl (U e e daly Gl Zll a3 LS j0as
(11-d88) Zlall s danll e Lealul jil 5 Al 3igin)

olailall & el (e 43l ~U5Y (Amagerforbraending ) 4baae (11- JS5)
http://www.bustler.net/|ndex.php/artlcle/blg_puts_all_skl_slope_on_copenhagens_new_waste-to-
energy_plant

osiaY) 2l e a1 Qi sal) ) Al < S Sl Qi Taaa 5 5¥) lasV) a6
L L Ley 3aaaidl) pabead) (e 4dsal 453U AL (e (20%0) Zlik oY) 33 Jo Leske
A s canar Bl 5l e Snee 5 ae Jalaills A ) Y1 sl Glans iy @lIN (2020) ple J sl
Jall o LS Al I Al (e W sl &y 3oall 5y saill ALE ) ge e g sa3 1 (ol _uadll ciljlall
(Mette C.,2012 p.52-49) .& jlailall 5 sull

ciliia Alal DA (e s mall baghes Leiing Ll o 28 AUy cilla) aaaiul i el
O il gl Lald adl se guimy o il LS Aaall Gl Ke (e () 13gd daald & jlers
Al Al Lkaadl)

sl jeb -3-9

o Wy V) mhaw e 83 ga gall Dl gadll (8 o) S sd e il gad o) jia 8 Ll jeda a4
o2 Jiad 4 V) e B_S LS L8 b ausm gy A Dl (g Aiday Liass 5 AL Clane dlaul 5 LS
e TS 1l <8 dleall 53 (5 Y1083 3 LS allall & il yalal Lalasiind 31 o sl 43 Ll
SURY Ay Aaguls jekall (3llie Alalal o35 U i gl olial) Aals 5 sluall 5 el sell i ghil (g5 5 Al
Al claaY Gl jlarall (pe 3 S CilaaS a5 deagiall Glalill amy A oG WS aaaliadl e (3hlial sda
(Wikipedia Municipal solid waste) kbl s3a (e Ziaiall d5ull
U5 led Loy dlgle Shapdl je jelal) 3lalie 8 Gl Allal) Js0 (3 i Al collail) alaes gl Gl
ekl AW J g0 caai o) V) Sl jela ade e it da jla il 8 damg p05 a2 () sY) AT
(R. Taylor and A. Allen,2003,p.1).4xle cilSa 8 Lillas (e (75%)
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Gl g W yabs o 300 LSl il W s sale ) ) Ol ol aidd A5l a2 5
5aLal) 538 5 L yalui 1 Cllal) ilaaS (5 4Kl e Radld 3 il Fadiin alall (3hlia 5 il
L ol A gibe LS 8 Ll jalal adinall o gl IS 3T (5 51 Lgia s A el Jsall 3 LgilaaDla ¢Sy
ClSe 2Ll B35 i A oo Lae Al 5 sl () Lgslalana s Leadl 5y il 3 pdans (500 el (3 a
AL Adliaa Jal jo A Gllal) e sale sl e il gen G jels LS ¢ lgle e s Sl
(Mohammed A. and Kenneth M., 2012). jela Ja8 e
OY Akt (s el sel) A As it el & f e Jiad) L) Y Bl e Gl jada Alae ) a2
A XL YNREIR

Ll U5 5Ll 5 A0 el e L) & AN (35 sl QL]

RERITESN(PRRCR VA1 4 SRR A PPC W G g Wi W)

ABU bl aall (e 5 Ay gamall 3 sall 5edd ey duald Ay KU il 5l Cilanil-3

Ad ISl el plaie can dpaal) Hlaie 4y 505-4

A gl oluall 48 oSl llaall g5

Clel) Jie gl ¥ e maal) G e 2Ll Jaiy sall @A (e gl slall s 43T lai-6
(350a¢ 201562 ) omsiil Jlgallisulion 5 (ual

1024 alja ) Ll alja (e gedal) (3hlia-4-9

) L a8 e (10%) ekt < jlailalld La pada oy A L il Sl dasiall J gl Cans 58]
To Ja g oAid 5 Lol (a (5000) sasial) ASleall jaksi cpa (A clgia (25%0) (e Ala gz jaiad s Leaiss
O3l Bla) il o) a ekl (glalie CilSi (10 30 ae s «(Mette C., 2012 p. 52) Leie 48l (e Jugh
LS aladiul (oY dalia e 5 daluall 5 jhie (3lalic Lelea 5 lgillan (e JB 5 LSS e 508 (K& il
amal) Gl je¥) 5 aga SI) gl 5l LAY 55 (3haliall o2a Chageal Jy dakial) elli 8 A3l e i 4
SV hliall sda Jisas ) alladl Ja (e laae @iy 3 s 63 jlall <l pdally Gl iy | Jaas
S alal o) e Jsaty 5 el Jasmy (63 el W1 Al all Seka Te a8 6l jumd e Dla ) Cila i
Glaill 32k ) (e ae by las Jleadl lgtle dimy 5 dnaall 4y 5 2l (puad e delin aliie juadl ol ja
(Caall) dalise aal eV shalidl @lli dlasiul e aady 5 agilalio g agiday QIS

3,6Y 5 Jadd Y ( Brownfield) slewdl 4S5 jiall 5 dlagall 3hliall e a3 sasidl <Y ol &
5 sagall Blaliall oda I 3 Al dallae b adinall Jdl (a3 gad 5 4l Allaal) e 5 Al e lial)
at;m‘;g@aum s2a diad Ladie Al aaa aliley 5 ¢Gupaall (plaladall 5 50€ Aliane dlegall
Jas Laad yuS dadd \Jcﬂ\ﬂ‘o&u}g‘d}hu‘&M‘uﬁjuw\d};w@\yw‘jm\j
Sl slaliall dbutsu@u}udl_;c\;.:\ﬂ 13g2 Apa sSall lgall adag e Loy gl 5 Lelali sale) 5 Lgiallaal
ClSe Joail g da yite dallaaS Jglall Jumdl (o cila il ) cladl) an ) Glalie Jysad 3,88 cuilS
Oenll o Jamy 4 LS Agan (g Aiaall (g panll il & 5 30 e Te o 0585 il jiie I il
138 5 @l g oAl dga (e el Aapmall Aol ol JY) o im0 wiay UL 5 Ll el g s
Ja Jadl Jiay 138 o CneabaidAVW) (any (g SN dalaieal) doaiil) calaal Bia 5 4l Alaadl Jal)
ek (3halie s 4S5 yiall Ay Sl ol dpelicall BLLIS o) Aaall 8 dlegall 3 4S5 jiall yelall (3lalia 4SS
Jsaiy O OSaall e Bhaliall 628 Caai o JIS) (ld Uil s dpeluall g 4o ) ) 3 clilaal) il g bl
5 S8 e Gilaty 138 5 Gaall A 5 Jal ¢l padldl Bhliall dalue (e 3 355 G Ll Gl i )
Ol Jah o) juadldl ghliall dalie 5aly 3 5 cla Jitall oLl () Al 1 dpslaudl <l ) 8N aiba Cilga 5
ot ol il Jeadl 4 pumall laliall 5 Gaall skl sale Y Cllaanl yiulS dpgd 5l Cllladll il L ga
Dol (g sy Ll jal uanll gl e JIE 5 a) dali e Al e Sl G Lo AL i
(Amanda J., 2009, P: 85) .ail_all e I 5 GV saill 53 pally
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cild e ) Gl A, shlde Jasad Je 4)-10

I Jsad cllall (S J sl 485 W) saaiall ¥ gl /(Jilw) 4 3 (Rainier DUmp) g sosie s
CSa (e plladl A a8 9e (1000) gt a3 Gl &l X 5 (1916) ple( Rainier play Field) (w2l
el o) la Hite ) bl

(Sai Tso Wan) e xiie sa (il eV aaeie o jiie () alygad &5 clilds (Sa Jo) (U8 35S misp & Wl
o B oLl o8 aaall a8 gall (85 aSae JSG o Hilly dalaldl 3aall 4 il e il Je o8 dua
Ul Caclin 5 Lgd Wil ) dahaidll S0 4paa) ae ) Lae apdill ¢l Sima 5 dpaly ) cilals 5 oDl
Dl o il raal i gt st e e 5 4S5 sie dilaie il Ladey dilaiall Gl 3 oS e i

A. P. Rijs. ,2007,p.20 (12-JS8) z S zisa (& o) padll 4S all o))

oyfie ) lLlE (e e Jsal w6 i 2 o3 Jsl (Sai TS0 Wan) o3 (12-J<4)

A. P. Rijs. ,2007,p.20

LY /() s259) 4uae/ ((Western Staten) ss s 4 2sa 54l (Fresh Kills Park) s jiie iz LS
o8 Al s el paiul Cua o yte ) alysad a5 allal) b ) a3 )] a8 ge ST A HaY Basiall
e A o i 3 gl 13 8 S (e ol G sale (150) = 3 Le (e als ple die Baa) a8 sall 128
Ao 3O Al ) ) g sl gl e U1 Al el gy iy ol L3 S Gl
Oe alaual G 3 5 S s e M Sl 1 Jygad M il pall Gyl (13-dSE) o) 53 5 0 ikl
I 5 Aptigl) oo sl AR5l 5 ¢ (W) g0 ) Ride aws b gmpall (L Iy ) o e dabuse

(Jenni C. et-al,2012,p.23) .Lial g sall 138 Jaad dun o1 SV

ple Lia il ¢ qaye yiaslS (3,46) o iial) dabue (Rnsiall L oS — J i) A 3 (Nanjido) » e
G laeadde Shane e i S IS ) 0 (2020) ale JelSIL 48 Jeall Slas) a8 53l e 5 (2002)
5 i) clallad) e @S 8 dambial ¢ glaall (Han) e dala s dilaial sl 5 45 &gl L)
Al 2 e OSe ) Gl e Y HaasS 4 sall 853 g gall ) JDaiul a3 5 A o) S
sl Jalii 3 5 gl ) i el Gila) pia o3 g ¢ Lasy/Y ie (180 000) deasd (5S35 450 5eS
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Allad) S o 4l (el 35 Legle 3l ate Al 3 Jladil AlSal e 3 el 5 el dgy S
. (14-05%) (2002) pla]

aialue ali A5 (Mount Trash Park) s i ) Jsa3 43 ciall ( Mount Trash) oS
oo O Lo saiaall saall ciljlaill 16 oS i 3y (1974) ple 4slisl o3 3 ¢ g ye e slS (0.66)
05303 Ay paY) Basiall Y I /(L ) Jalus (B dpad e il ST e (Y1 585 (1972-1967)
Qe leliva s ol 55 cualas 4l saall AL Zpaila iaa iy ysi S5 G sla

.(Jenni C., etal., 2012, p.23, p, 72)(15-J5) Leie 3aliind jUae) olse aand (lia saS (Slass

sasiall Y 5l L (Fresh Kills) cblal o<a

Benjamin A. L., 2015, p.43

sasiall Y 6l A (Fresh Kills) 8 % (13-J4)

Jenni C., 2012
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sl o3t ) Ll (S g Jas dgial) Ly ~Jsaw (Nanjido) oy (14-J8)
i Ghlia 5 Jlihb) e aay

www.facenfacts.com/.../seouls-landfill-turnaround:-nanjido-park-where-flowers-
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VIRGINIA BEACH PARKS & RECREATION

mount trashmore
park map

MULTI-USE TRAILS
Sister park to Haginodai Park
in Japan, Mount Trashmore

' LEGEND

2

(11} restrooms

Park Office e & Perimeter Trail
| (e @ W=

et Lake Trail

I © e @ Lk
| Special [0 vert ramp Mountain Trail
i Events Office A m
| =9 Water-Wise
\‘ Playground . Demo Garden

sasiall LY sy (Mount trash) ojiic Jakia

https://www.vbgov.com/government/.../parks.../parks.../mount-trashmore-park-map

oyt ) bilds e (ge Jsat () sasial)l Gl Ly 8 (Mount trash) ejiie (15— JS4)

https://en.wikipedia.org/wiki/Mount_Trashmore_Park
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