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Influence of Aging Time on Asphalt Pavement Performance

Saad Issa Sarsam Samer Muayad Adbulmajeed
Professor MSc. Student
Department of Civil Engineering College of Engineering- University of Baghdad
saadisasarsam@coeng.uobaghdad.edu.iq samer_mouyed@yahoo.com

ABSTRACT

Aging of asphalt pavements typically occurs through oxidation of the asphalt and
evaporation of the lighter maltenes from the binder. The main objective of this study is to
evaluate influence of aging on performance of asphalt paving materials.

Asphalt concrete mixtures, were prepared, and subjected to short term aging (STA)
procedure which involved heating the loose mixtures in an oven for two aging period of (4 and
8) hours at a temperature of 135 ° C. Then it was subject to Long term aging (LTA) procedure
using (2 and 5) days aging periods at 85 ° C for Marshall compacted specimens.

The effect of aging periods on properties of asphalt concrete at optimum asphalt content
such as Marshall Properties, indirect tensile strength at 25 ° C, Resilient Modulus and resistance
to permanent deformation were evaluated.

The impact of Short-term and long-term aging on asphalt concrete properties was
evaluated. The stiffness of the mixture increases by increasing aging period that lead to increase
of Marshall Stability, indirect tensile strength, and the resilient modulus, which leads to
increases the resistance of mixtures against permanent deformation. The 8 hr. short term aging
causes the Marshall stability, indirect tensile strength at 25 ° C and resilient modulus to be
increased by 52%, 34 % , 20% respectively as compared with control mixture while, the
permanent deformation decreased by (33 %) as compared with control mixture.

Key words: Marshall Properties, indirect tensile strength, permanent deformation, short-term
ageing, long-term aging.
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1. INTRODUCTION

One of the major problems facing asphalt during its service life is the "aging" process, Aging
causes the asphalt to stiffen and become brittle which leads to a higher potential for fatigue and
thermal cracking.

Asphalt paving mixtures are used as surface or base layers in a pavement structure to distribute
stresses caused by loading and to protect the underlying unbound layers from the effects of
water. To adequately perform both of these functions over the pavement design life (age), the
mixture must also withstand the effects of air (oxygen) and water, resist permanent deformation,
and resist cracking caused by loading and the environment, Bordea et al., 2002.

Aging is one of most and important factors that affect performance of asphalt pavement
because other factors of failure (moisture damage , thermal cracking ,rutting , and fatigue) affect
certain mode of pavement performance while aging factor enters as cause of failure for each
mode. It is necessary to study aging effects on asphalt and asphalt aggregate mixture separately
for two reasons .First, during mixing and laydown process, asphalt properties are most affected
by aging than aggregate; therefore performing aging tests on asphalt only gives ideal about
performance of asphalt mixture. Second, the presence of aggregate mixed with asphalt render
asphalt behaves in another mode under aging effects, Sarsam and Lafta, 2014.

Ageing is primarily associated with the loss of volatile components and oxidation of the
bitumen during asphalt mixture construction (short-term ageing) and progressive oxidation
during service life in the field (long-term ageing). Bitumen slowly oxidizes when in contact with
air (oxygen) increasing the viscosity and making the bitumen harder and less flexible. The
degree of viscosity is highly dependent on the temperature, time and the bitumen film thickness.
Excessive age hardening can result in brittle bitumen with significantly reduced flow
capabilities, reducing the ability of the bituminous mixture to support the traffic and thermally
induced stresses and strains, which contribute to various forms of cracking in the asphalt
mixture, Brown et al., 1995.

2. BACKGROUND

Ageing of bituminous binders in asphalt mixtures is well studied because of its effect on the
mechanical performance of the binder and the durability of the asphalt pavement. Since some of
the most important rheological properties of bitumen depend on the chemical constitution,
Simpson et al., 1961, and the ageing mechanism affects the chemical composition it is clear that
also the rheological properties of the binder will change. Jamieson and Bell, 1995, found a good
correlation with aged road mixtures from 14 to 19 years old pavements, when the long-term step
was extended from 4 to 8 days. They concluded that the short-term oven aging (STOA) method
showed an equivalence of 0-2 years and the long-term oven aging (LTOA) method up to 5-15
years, depending on the climate.

Harvey and Tsai, 1997, conducted a laboratory study to investigate the influence of long-term
oven aging on the fatigue of asphalt concrete beam specimens using controlled-strain loading.
They used two sources of asphalt AR-4000 and one type of aggregate. Their results show that
aging is sensitive to the type of asphalt used and that stiffness increase associated with aging
does not necessarily reduce the beam fatigue life. The application of the beam fatigue and
stiffness results in the analysis of thin and thick pavement sections indicated that aging
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prolonged the fatigue life of the pavement structure, Korsgaard et al., 1996. Oxidized
compacted mix specimens (5% bitumen, 1.1-5.8% air voids) using the pressure ageing vessel
(PAV) test developed under the SHRP research program for oxidizing bitumen. They oxidized
the mix specimens at 100°C and 2.1 MPa of air for up to 72 hours. The penetration and softening
point of the extracted bitumen were measured. They reported that the rate of oxidation of pure
bitumen (presumably as 3.2 mm films) was 4 times faster than that of bitumen in the mix.
Hachiya et a.,| 2003, prepared compacted slabs of dense mix and cut them into 20x40x250 mm
beams. They oxidized these in an oven at 70°C for up to eight hours and measured the flexural
strength, strain at failure and stiffness of the mix at —10° to 30°C. They also carried out oxidation
experiments at 60°C in a pure oxygen atmosphere for up to 20 days. The laboratory results were
compared with data from samples exposed outdoors for up to five years, showing similar trends
(though with quantitative differences); and conclude that a combination of the two oxidation
methods would be most suitable. Their data seem to show that measured flexural properties were
relatively insensitive to oxidation time (as opposed to test temperature). Though the authors do
not correlate laboratory oxidation time to field ageing period, their data suggest that five days’
exposure to pure oxygen at 60°C is approximately equivalent to 3 years’ field ageing, based on
flexural properties over 0°C.

3. MATERIAL CHARACTERIZATION

The materials used in this work, namely asphalt cement, aggregate, and fillers were characterized
using routine type of tests and results were compared with State Corporation for Roads and
Bridges Specifications (SCRB, R/9 2003).

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

3.2 Aggregate

The aggregate used in this work was obtained from Al-Nibaie quarry; it consists of crushed
quartz, hard, tough, grains, free of injurious amount of clay, loam or other deleterious
substances. This aggregate is widely used in Baghdad city for asphalt concrete mixes. The coarse
and fine aggregates used in this work were sieved, and recombined in the proper proportions to
meet the wearing course gradation as required by specification (SCRB, R/9 2003). The physical
properties and selected gradation curve for the aggregate are presented in Table 2. and Fig. 1.

3.3 Filler

The filler is a non-plastic material that passing sieve N0.200 (0.075mm). In this work, the control
mixes were prepared using ordinary Portland cement (from Tasluga factory) as a mineral filler at
a content of 7 percent, this content represent the mid-range set by the SCRB, 2003 specification
for the type II1A mixes of wearing course. The physical properties of the filler are presented in
Table 3.

4. PREPARATION OF MIXTURES
Three types of mixtures have been prepared in the study using Marshall Method, control mixture;
short and long- term aged mixtures.
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4.1 Preparation of Control Mixture

The efficiency of mixing procedure depends on providing homogenous mix and uniform coating of
aggregate with asphalt. Asphalt mixtures were prepared in this investigation as follows: The
aggregates are washed, dried to a constant weight at 110 °C, and then sieved. The combined
aggregate was heated to a temperature of (160 °C) before mixing with asphalt cement. The asphalt
cement was heated to a temperature of (150 °C) to produce a kinematic viscosity of (170£20)
centistokes. Then, asphalt cement was added to the heated aggregate to achieve the desired
amount, and mixed thoroughly by hand for 2 minute until all aggregate particles are coated with
asphalt cement. The Marshall Mold assembly were (101.6 mm) in diameter and (63.5 £1.27 mm)
in height. Spatula and compaction hammer were heated on a hot plate to a temperature between
(90-150 ° C). The asphalt mixture was placed in the preheated mold and it was then spaded
vigorously with the heated spatula 15 times around the perimeter and 10 times in the interior. The
temperature of the mixture immediately prior to compaction was between (140-150° C ). Then, 75
blows on the top and bottom of the specimen were applied with a compaction hammer of 4.535-
kg sliding weight, and a free fall of (457.2 mm). The specimen in mold was left to cool at room
temperature for 24 hours and then it was removed from mold by using sample extractor. The
asphalt concrete was prepared as per AASHTO, 1994 procedure.

4.2 Preparation of Aged Mixture

Aging of mixture was conducted in accordance to AASHTO, SP2 2002. The short-term mixture
conditioning for the mechanical property testing procedure is designed to simulate the plant-
mixing and construction effects on the mixture. The long-term mixture conditioning for the
mechanical property testing procedure is designed to simulate the aging the compacted mixture
will undergo during seven to ten years of service.

4.2.1 Short-term aging

The same procedure to prepare the control mixture was adopted; but after preparation of the
mixture, the loose mix was placed in a pan, and spread to an even thickness ranging between 25
and 50 mm. the mixture in pan was placed in the conditioning oven for (4, 8) hr. at a temperature
of 135 °C and Stir the loose mix every 60 minutes to maintain uniform conditioning. After aging
process, the loose mix was removed from the forced-draft oven. The conditioned mixture is
compact by Marshall Hammer in the same procedure as that of virgin sample.

4.2.2 Long-term aging

In order to simulate long-term aging of HMA that occurs during the pavement service life,
Marshall sized compacted specimens prepared from mixtures exposed to short-term aging were
placed in a forced-draft oven at 85°C for (48,120) h. At the end of the aging periods, the oven is
switched off and left to cool to room temperature before removing the specimens. The specimens
were not tested until at least 24 h after removal from the oven.

5. EXPERIMENTAL WORK

The experimental work was started by determining the optimum asphalt content for all the asphalt
concrete mixes using the Marshall mix design method .Table 4 shows that the optimum asphalt
content (O.A.C) for asphalt concrete mixture of 4.7% and the performance properties.

5.1 Marshall Test Method

This method covers the measurement of the resistance to plastic flow of cylindrical specimens of
bituminous paving mixtures loaded on the lateral surface by means of the Marshall apparatus
according to ASTM (D 1559). Marshall Stability and flow tests were performed on each
specimen. The cylindrical specimen was placed in water bath at 60 ‘C for 30 minutes, then
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inserted into the testing device and then compressed on the lateral surface at constant rate of
(50.8mm/min) until the maximum load (failure) was reached. The maximum load resistance and
the corresponding flow value were recorded. The bulk specific gravity and density ASTM (D
2726), theoretical (maximum) specific gravity of void-less mixture were determined in
accordance with ASTM (D 2041). The percent of air voids was then calculated.

5.2 Indirect Tensile Strength Test

Specimens were prepared by Marshall Method and tested for indirect tensile strength according to
ASTM (D 4123). The prepared specimens were cooled at room temperature for 24 hours,
immersed in a water bath at different testing temperatures (25 and 40 °C) for 30 minutes. Then
they were tested by Versa-Tester using a 1/2 in. (12.5 mm) wide curved, stainless steel loading
strip on both the top and bottom, running parallel to the axis of the cylindrical specimen which
was loaded diametrically at a constant rate of 2 in/min. (50.8 mm/min.) until reaching the ultimate
loading resistance. The indirect tensile strength (ITS) was calculated, as follows:

_ 2P
ITS = - 1)

where:

ITS = indirect Tensile Strength, MPa
P = ultimate applied load (N).

t = thickness of specimen (mm),

D = diameter of specimen (mm).

5.3 Indirect Tension Repeated Load Test

The Indirect Tension repeated loading tests were conducted for cylindrical specimens, 101.6 mm
in diameter and 63.5 mm (2.5 inch) in height, using the pneumatic repeated load. In these tests,
repetitive compressive loading with a stress level of 20 psi was applied in the form of rectangular
wave with a constant loading frequency of 1 Hz (0.1 sec. load duration and 0.9 sec. rest period)
and the axial permanent deformation was measured under the different loading repetitions. All the
uniaxial repeated loading tests were conducted at 40°C (104°F). The specimen preparation
method for this test can be found elsewhere, Albayati, 2006. The permanent strain (gp) IS
calculated by applying the following equation:

_ pd*10°
ep h

()

where

ep= axial permanent microstrain

pd= axial permanent deformation

h= specimen height

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

&= T 3)

Mr = gi (4)

r
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where

er= axial resilient microstrain
rd= axial resilient deflection
h= specimen height

Mr= Resilient modulus

o = repeated axial stress

er= axial resilient strain

The permanent deformation test results for this study are represented by the linear log-log
relationship between the number of load repetitions and the permanent micro-strain with the form
shown in EQ.6 below which is originally suggested by Monismith et. al., 1994, and Barksdale
1972.

gp=aN® ®)

where

€p= permanent strain
N=number of stress applications
a= intercept coefficient

b= slope coefficient

6. RESULTS AND DISCUSSION

6.1 Effects of Aging Time on Marshall Properties

The variation of Marshall Properties with aging time is shown in Fig.2 which is based on the data
presented in Table 5. Marshall Stability gives the indication about the resistance of asphalt
mixture to permanent deformation; a High value of Marshall Stability indicates increased
Marshall Stiffness. Figure (2-a) shows the effect of short and long term aging periods on Marshall
Stability of asphalt mixture, and it can be observed that the short and long term aging of asphalt
mixture increase the Marshall Stability values. The Marshall stability after 8 hr short aging is
higher than that of control mixture by 52.2%. In the case of long term aging of 5 day, the stability
increase by 66% as compared to control mixture. This may be attributed to the loss of volatiles
which makes the asphalt concrete more stiff and can resist the deformation. From fig (2-a) it
found that Marshall stability for mix that exposed to 8 hr short aging is equivalent to that at 2 day
long aging. Figure (2-b) shows the effect of short and long term aging periods on Marshall Flow
asphalt mixture. It can be observed that the short term aging of asphalt mixture reduced the
Marshall Flow values, and also the flow value for long term aging reduced more than short term
aging. these reduction may be related to that the aging process make the mixture more stiffer than
control mixture and also may be related to the good interlocking offered by asphalt binder and
coarse aggregate particles and the reduction in fluidity of the binder.

Air void in the mixture is an important parameter because it permits the properties and
performance of the mixture to be predicted for the service life of the pavement and percentage of
air voids is related to durability of asphalt mixture. Figure (2-d) shows the effect of short and long
term aging on voids in total mix (VTM) percent’s for asphalt mixture investigated .It is clear from
Figure that the air void is increased with increased aging time and the 8 hr. short term aging have
VTM more than 2 day long term aging but less than 5 day aging. This may be related to the loss
of volatiles and reduction in asphalt volume. Test results agrees well with Sarsam, 2007.

6.2 Effect of Aging Time on Indirect Tensile Strength Test

The indirect tensile strength test is used to determine the tensile properties of the asphalt concrete,
which can be further related to the cracking properties of the pavement. Fig. 3 shows Effect of
aging times on ITS @25 °C for asphalt mixture. Results indicated that indirect tensile strength

6
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was 1471 KPa, these value increased during short term aging process. For 8 hr. aging, the ITS
shows (34.1%) increment more than that of control mixture. While After 2 day aging the ITS give
lower value than 8 hr. aging by 3.5% ,this indicate that 8 hr. aging have more severity than 2 day
aging ,ITS was increased by (13.4%) at 5 days aging when compared to 2 days aging . Results
agrees well with Sarsam, 2007, and Sarsam and Lafta 2014 work.

6.3 Effect of Aging on Resilient Modulus Test

Table 6 shows Resilient Modulus value for mixture with asphalt cement. It was observed that the
resilient modulus increased with increased aging period , such increment may be related to
increase in stiffness. Higher resilient modulus results will generate great rutting resistance
development in the asphalt pavements.

6.4 Effect of Aging on Resistance to Permanent Deformation

The result of permanent deformation tests is shown in Fig.4 which is based on the data presented
in Table 7. The analysis of permanent deformation in this study is based on intercept, slope
parameters. The slope of control mixture was higher than that of mix with 8 hr. short term aging
by approximately 3.3%, and higher than 5 day long term aging by approximately 9.3% as
compared with control mix. From the table below, the intercept value is decreased as the aging
time increases for various type of asphalt, this mean that the aging have lower micro-strain at first
load cycles. Results are in agreement with, Sarsam and AL-Zubaidi, 2014 findings.

7- CONCLUSIONS

1. The aging of asphalt concrete mixture lead to changes in the mixture properties, the 8 hr. short
term aging causes the Marshall stability, indirect tensile strength at 25 ° C and resilient modulus to
be increased by 52.2%, 34.1%, and 20.6% respectively as compared with control mixture. The
permanent deformation decreased by (33.4%) as compared with control mixture.

2. The 5 day long term aging causes, the Marshall stability, indirect tensile strength at 25°C, and
resilient modulus to be increased by 66%, 46.7%, and 40% respectively as compared with control
mixture while, permanent deformation decreased by(53.6%) as compared with control mixture.
3.The 8 hr. short term aging period has an equivalent effect on the properties of asphalt concrete
as compared to that of 2 day long term aging.
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Table 1. Physical properties of asphalt cement.
: ASTM SCRB, 2003

Property Unit Designation Test Result Specifications
Penetration (25°C, 100 gm, Ssec) 0.1m D5 41 40-50
Softening point (ring & ball). °C D 36 494  -eeee-
Ductility (25°C, 5 cm/min). cm D 113 >100 >100
Flash point (cleave land open cup) °C D 92 275 >232
Residue from thin film oven test D-1754
Retained Penetration of Residue % D5 66 >55%
Ductility of Residue cm D 113 87 >25%
Loss on Weight % % D 1754 0.3 <0.75

Table 2. Physical properties of aggregates.

Property [\Value  |ASTM Designation No.
Coarse aggregate
Bulk specific gravity 2.584 ASTM C 127
Apparent specific gravity 2.608 ASTM C 127
water absorption % 0.57% ASTM C 127
Wear % (Los Angeles abrasion) |13.08% ASTM C 131
Fine aggregate
Bulk specific gravity 2.604 ASTM C 128
Apparent specific gravity 2.664 ASTM C 128
% water absorption 1.419% ASTM C 128
| o ! ! IRRRn 7778
I I l A gr /A
. | | R dry aam
5 | | YAy AR
. | | A A
| | i % iy
. | RS aib i e
, ! Pl A
) L
? : | | I
° 0.0TSmm‘ 0,3Imm 2,36Imm 4,75Imm : 12I,5mml 2I5mm
seive opining (mm) 9.amm 1omm

Figure 1. Selected aggregate gradation and specification limits.




Number 12 Volume 20 December- 2014 Journal of Engineering

Table 3. Physical properties of portland cement.

Property Physical properties
% Passing Sieve No. 200 96%
Specific Gravity 3.14

Table 4. Properties of asphalt mixture with the optimum asphalt content.

Marshall properties value SCRB, 2003 Specification limit
Optimum asphalt content % 4.7

Stability KN 10.87 8 KN min.

Flow mm 3.21 2-4 mm

Bulk density gm/cm® 2351 | -----

Air void in total mix % 3.549 3-5%

VMA % 14,724 14 % min.

VFA % 73.88

Table 5. Summary of the Marshall Properties of asphalt concrete mixes at optimum asphalt

content.
. Bulk
Aging Typd A_glng Mars_,h_all Marshall Density \gTM \gFA \éMA
Time | Stability KN | (mm) (gm/cm?) (%) (%) (%)

Control 11.05 3.302 2.359 38| 733 14.4
Short term { 4 hr. 13.93 2.54 2.321 44| 720 15.8
time

(hours) 8 hr. 16.82 2.032 2.295 56| 66.3 16.7
Long term § 2 day 15.79 2.032 2306 | 5.21| 68.1 16.3
Time

(days) 5 day 18.31 1.778 2.285 58| 65.7 17.1

10
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Figure 2. Effect of aging time on Marshall Properties.

11




Number 12 Volume 20 December - 2014 Journal of Engineering

2500
< 2000
(=X
X
o 1500 -
n
o~
® 1000 -
n
Z 500 -
O .
| 4 hr 8 hr | 2 day 5 day |
control | Short Term Aging | Long Term Aging |
Aging Time

Figure 3. Effect of aging times on ITS @25 °C for asphalt mixture.

Table 6. Effect of aging time on resilient modulus value.

Agingtime | Control mixture Short term aging Long term aging
4 hr. 8 hr. 2 day 5 day
Mr (psi) 31373 32653 33823 34043 37209

Table 7. Effect of aging time on permanent deformation test results.

Aging time Control mixture | Short term aging Long term aging
0 hr. 4 hr. 8 hr. 2 day 5 day
Intercept 268.15 241.77 198.31 190.55 | 167.22
Slope 0.4617 0.4571 0.4465 0.4369 | 0.4188
100000
% 10000 control
§ A hr
§ ——38hr
£ 1000 2 day
< = 5 day
100
1 10 100 1000 10000
Repetation

Figure 4. Effect of aging time on permanent deformation.
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Effect of Allowable Vertical Load and Length/Diameter Ratio (L/D) on Behavior
of Pile Group Subjected to Torsion
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Assistant Professor Researcher
College of Engineering-University of Baghdad College of Engineering-University of Baghdad
Email: albusoda @yahoo.com Email: omar.yasin66@yahoo.com
ABSTRACT

Some structures such as tall buildings, offshore platforms, and bridge bents are subjected to
lateral loads of considerable magnitude due to wind and wave actions, ship impacts, or high-speed
vehicles. Significant torsional forces can be transferred to the foundation piles by virtue of eccentric
lateral loading. The testing program of this study includes one group consists of 3 piles, four
percentages of allowable vertical load were used (0%, 25%, 50%, and 100%) with two L/D ratios 20
and 30, vertical allowable load 110 N for L/D = 20 and 156 N for L/D = 30. The results obtained
indicate that the torsional capacity for pile group increases with increasing the percentage of
allowable vertical load, when the percentage of allowable vertical load was 100% and L/D ratio (20)
the torsional capacity for pile group increases about 42% if compared with the torsional capacity
when the percentage of allowable vertical load was 0% for the same L/D ratio. Also increasing L/D
ratio leads to increasing the torsional capacity of pile group, when the percentage of allowable
vertical load is 100% and L/D ratio (30), the torsional capacity for pile group increased about 51% if
compared with torsional capacity when L/D ratio was (20) for the same groups and the same
percentage of allowable vertical load. At failure the twist angle for pile group remain constant 3°
when the percentage of allowable load change from 0% to 100 and L/D ratio 20, while it decreases
from 2.9° to 2.7° when the percentage of allowable load change from 0% to 100% respectively and
L/D ratio 30.

Key words: torsional load, twist angle, percentage of allowable vertical load, pile group

uﬁ\@ﬂd\jﬁlﬁj\hwﬂﬂuuﬁ&M#&\ojﬁj\dﬁ@\g@cwﬂ\ gd}aﬂ\dﬂ\ﬁt

&) iV
gall Gy o 03 guu sl S (5 i,
Eaaly aelise 3
350 el —Auatigll IS 3350 Arala —Anatigll 4K
AdAl

DBV 5 ¢ zlsa¥le Lol G dils Jlaal ) small e A paadl cilaial) ¢ Alal) o) Jie JSGell (iany (i pai
ASay IS de gana ) 3 S Jleal Jl @l (e iy Ao yud) ddle LS all i ¢ suny il alabaal (e Aaslil)
d.qaj\wt_mug\a_\)\&_mj;:\u\c)3\5)3wu)ﬂgh\}kwm\)ﬂ\a@u&\@h‘ywﬁ:\ @J&\M\
$asandl Jaall ) 30 520 W yhad Mo 58 N Jsha (pe (st aa (74100 3¢ % 50 ¢ 725 /. 0) 4 & sansall (53 ganl)
(30 Lakd o 38 5l gk dan (585 Laie 156 N 520 W ki () o S 5l J sk G ()65 Laxie 110 N 40 7 samsal

13



Number 12 Volume 20 December - 2014 Journal of Engineering

A 7 sansall (53 sanll Jandl A 3aly ) pa 2y 3 Sl Ao ganal of 5V dalia ALE () ) 50l Lale J seand) a5 1 i)
o) sV Ao glie A8 ) (20 ) Wkd o S5l Jsh das 5 7 100 4 7 semall (50 ganll Jaall das CulS Lanind
T el (63 ganll Jaall At culS Laxie IS 1) de gana (ol o iV A lia 2008 e iy 8 La 1) 942 IS )l de sand
o) V) e gl AL 8305 ) (535 Wy () o 30 sk A 805 Ll Ly () o 30 sk s il 7 0 4
AL <l 3 30 Wkl o 35Sl Jsha At 57 100 42 2 semsall (52 50nl) Joall G Caly Loxind ¢ S )l Ao ganl
Lo il Leie JUS M Ao gane (il o) sV Ao glia 448 ae i 8 L 1) 7 5] (dsa 3US ) de ganal o) Y A sl
3° o Jadll vie S U e panad o) NI Ayl o) 2ny 4s 2 samsall (53 senl) Jeall A il 20 Loy 0 3850 sk
H12.9° (o il e <20 W kb (e 38 )l J sk das 5 7100 570 (e 40 7 sansall (53 gandl Jraail) s cilS Ladie
30 Wkl e 585l Jshdans 57100 70 Oe 40 g samsall (53 50l Jeall A yad 2ie 2.7°

P e pana 4o 7 gannall (53 sard) Jaadl A o) 5V A5l 5 co) V13 8 1 A ) Cilalsl)

1. INTRODUCTION

Pile foundations of some structures, such as tall buildings, bridge piers, offshore platforms and
electric transmission towers, can be subjected to significant torsional forces due to eccentric lateral
loading from ship impacts, high-speed vehicles, wind and wave actions, and other sources of
loading. Inadequate design of the piles against torsional loads may seriously affect the serviceability
and safety of these structures with catastrophic consequences. The literature reported two cases of
tall buildings in Miami and in Lubbock (Texas) which had suffered serious damage due to wind
action and exhibited marked permanent deformations from torsion Vickery, 1979. Another case,
described by Barker and Puckett 1997, reported the collapse of a support pier of the 6.82km long
Sunshine Skyway Bridge in Florida caused by the eccentric impact of a bulk carrier. About 395m of
the bridge fell into the sea, resulting in thirty-five deaths. Therefore, it is important that the strength
and deformation characteristics of the foundation piles are properly addressed in design in order to
ensure safety and cost-effectiveness.

2. MATERIALS
2.1 Model of Pile Groups

The models of pile groups used in this research study includes one group consists of 3 circular
piles connected with Aluminum pile cap of (11.5%11.5%3) cm. The pile is modeled as Aluminum
closed end tube and fixed head with (15 mm) outer diameter and (2mm) thickness. Two pile lengths
were used (30, and 45 mm), the spacing between piles is 3d, see Fig.1. The determination of the
mechanical behavior of the pile material used is very important. The sample was tested in
accordance with the ASTM (2003) specifications. The results of the mechanical properties of
aluminum tube used under tensile test are listed in Table 1.

2.2 Soil

A series of tests was performed on Karbala sand according to ASTM D 422-2001 procedures. In this
study, the sand soil can be classified (SP-SM) according to the Unified Soil Classification System.
The grain size distribution curves of sand are shown in Figures (2). The minimum and maximum
unit weight of sand soil tested was determined according to ASTM D 4253-2000, The results of the
maximum and minimum unit weights of sand soils are (17.64) kN/m® and (14.53) kN/m?®
respectively. The physical properties of the Karbala sand in the Table 2. The density of the sand soil
used through the experiments was controlled by means of the raining technique. This technique
includes raining the soil by different heights of drop that give different placing densities. Many
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investigators such as Lee, et al., 1973 and Sanjeev, 2007 used this technique. It was decided to
employ unit weight (16.5) kN/m3 of sand soils, which corresponds to the height of drop of (50) cm.
The relations between heights of drop, density, void ratio and relative density of sand soil shown in
Fig. 3.

3. SETUP FORMULATION

Tests were carried out in a steel box with inside dimensions of (800) mm width (800) mm length and
(800) mm height. The sides and bottom were made of (6) mm thickness plate. Front face of the box
was includes get with dimensions (400) mm width and (400) mm length. The test box was placed
over (1000) mm width and (2000) mm length of strong steel base, which was connected to a stiff
frame of vertical hydraulic jack. Steel loading frame was manufactured to support the piston that is
used for subjecting vertical load and insert the pile group in the soil. Steel loading frame consists of
two beams in horizontal direction have (U-section) to allow the piston to move horizontally along the
beam and two column in vertical direction have (square-section), at the sides of columns found holes
that are used to help in controlling vertically the distance between the piston and the container
surface. The soil is prepared in steel box by raining frame. This frame includes Two columns with
changeable height were designed and manufactured to achieve any desired elevation. The change of
the frame height is done by holes, from top and bottom. The column was connected with two valves
to join 4 beams together. These beams are bolted at their ends. Two beams in the longitudinal
direction have (U-section) and the other beams are used to support the U-section beams. Another
beam was designed as a roller; it rests on the longitudinal beams to move along these beams. This
(rolled-beam) is connected from the bottom with another beam, it is provided with screw and it can be
horizontally moved along the beam; this beam was made to carry the cone that is used to pour the
sand. This configuration of raining frame helps get a uniform density by controlling the height of fall.
The rolled beam and the screw that connected with the cone ensure that each particle drops in equal
height and uniform intensity.The torsional load applied by horizontal hydraulic jack, the horizontal
hydraulic jack connected with steel plate contain many holes for applied load in any point, this plated
support on the side edge of box, the load measured by load cell of 5 KN capacity. The corner and
center displacement measured by two dial gauges (0.01) mm fixed on the middle and corner of the
pile cap by two magnetic holders. Fig. 4 and Fig.5 show the general view of testing equipment.

4. TEST PROCEDURE
The steps followed for performing torsion test on model pile group are summarized as follows:

1. Soil Preparation:
a) Prepare the soil by raining technique at the chosen density and the corresponding relative
density (RD=70% for dense state),
b) Level the sand surface at final depth when the raining is completed, the level of sand
layers is checked by leveling tool,

2. Pile Group Installation:

a) Fix the pile group in the head of vertical hydraulic jack,
b) The group are instilled in sand by pre jacking method,
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3. Testing preparation:
a) Support the allowable vertical load (if any) on the pile group,
b) Fit the dial gages in the horizontal direction at the corner, at the middle of the pile cap
while at the vertical direction in the right and left side of the pile cap
c) Fit the load cell with the horizontal jack and connect it with the digital indicator,
d) Fix the horizontal jack in the upper edge of the right side of the container to be ready to
subject the torsion load on the pile cap.

4. Testing:
a) Now apply the torsion and record the readings of all the dial gages used,
b) At the end of the test, remove all the dial gages, load cell, horizontal jack, allowable
vertical load, pile group, and open the gate for removing the sand to prepare the model for
another test; and

5. Repeat all the above steps in the next test.

6. Criteria of Failure

Many references indicate some of the recognized criteria for defining failure loads of piles under
compressive loads or lateral loads, but no criteria were found in literature to define the failure load of
torsionally loaded pile or pile group. Therefore we depend on the criteria of failure for lateral loads to
determine the failure of pile group subjected to torsional load. Some of the failure criteria of laterally
load pile are stated as follows:

Mc Nulty, 1956 stated that the pile head deflection under the effect of lateral load depends on the soil
characteristics and the size of the pile, the suggested allowable design load was taken as the load
required to produce ¥ inch (6.35 mm) deflection divided by a factor of safety of 3.

Hopkins, 1956, considerd the allowable deflection for laterally loaded pile can be assumed as only
1/16 inch (1.6 mm).

Bowles, 1988, stated that the most lateral piles were usually designed for lateral displacement on the
order of 6 to 10 mm at the ground line.

Rahman and Chowdhury, 2003, stated that the load displacement curves were non- linear. Lateral
failure occurred at a pile head displacement from 4 to 8 mm (0.2D to 0.4D) for L/D ratio 20.
However, for L/D ratio 30, the lateral failure occurred at a pile head displacement of 6 to 10 mm
(0.3D to 0.5D).

In practice, of course, the pile will fail at some stage, normally by the formation of a plastic hinge at
some point down the pile. Lateral movement of the pile to cause such failure to be generally in excess
of 10% of the pile diameter, Fleming and Randolph, 2009.

Therefore to analyze the results of the present work, a load required to produce a horizontal
displacement in the corner of the pile cap of pile group 0.3D (D=15mm) is considered as failure load.
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5. RESULTS AND ANALYSIS
5.1 Effect of Applied Allowable Vertical Load on the Behavior of Pile Group Subjected to
Torsion.

Fig. 6 and 7 show the effect of increase in the percentages of allowable vertical load on the variation
of the torsion load with displacement (that has measured at corner of the pile cap) and twist angle
for pile group PG3, when L/D ratio was 20, four percentages for the allowable vertical load (0%,
25%, 50%, and 100%) were used. The torsional capacity for the pile group increases when the
percentage of allowable vertical load increases due to increase in vertical stress (o) that leads to
increase the frictional resistance of pile group and subsequently increase the lateral and torsional
resistance of pile group correspondingly. At failure (0.3D) when the percentage of allowable vertical
load is 100%, the torsional capacity increases about 42% if compared with 0% percentage for the
allowable vertical load, and the twist angle at failure is unchanged (3°) if the percentage of
allowable vertical load changes from 0% to 100%.

Fig. 8 and 9 illustrate the torque developed (Torsion Load x0.0575m where 0.0575m is the distance
from corner to center of pile cap) in pile group with displacement at corner and twist angle at
different percentages of allowable vertical load.

Fig. 10 shows the effect of percentages of allowable vertical load on the torque capacity at failure for
pile group when L/D ratio is 20.

Also Fig. 11and 12 show the variation of the torsion load and torque (Torsion Loadx0.0575m) with
displacement in corner and twist angle of pile group due to the increase in the percentage of allowable
vertical load. Four percentages of allowable vertical load were used (0%, 25%, 50%, and 100%) and
L/D ratio is 30. The torsional capacity for pile group increases with the increase in the percentage of
allowable vertical load due to the increase in frictional resistance of pile group. In this case, at failure
(0.3D) the torsional capacity when the percentage of allowable vertical load is 100% increases about
(70%) if compared with percentage of allowable vertical load of 0%, also the twist angle when the
percentage of allowable vertical load is 100% is (2.7°) while it is (2.9°) when the percentage of
allowable vertical load is 0%.

Fig. 13 shows the effect of the percentages of allowable vertical load on the failur torsion load and
failure torque of pile group when L/D ratio is (30).

5.2 Effect of L/D Ratio on the Behavior of Pile Group Subjected to Torsion

Increasing L/D ratio for piles in the pile group PG3 leads to increasing the vertical stress (o) and
frictional resistance for pile group, therefore the torsional capacity increases. Figs. 14 and 15 show
the effect of L/D ratio on the variation of torsion load with displacement at corner and twist angle of
pile group when the percentages of allowable vertical load (0% and 100%). At failure (0.3D), when
the percentage for allowable vertical load 0% the torsional resistance for L/D ratio (30) is 1.51 times
that of the L/D ratio (20), also when the percentage for allowable vertical load 100% the torsional
resistance for L/D ratio (30) is 1.78 times that of the L/D ratio (20). The twist angle when the
percentage of allowable vertical load 0% is (3°) for L/D ratio is (20) and (2.9°) for L/D ratio (30),
and when percentage of allowable vertical load 100% is (3°) for L/D 20 and (2.7°) for L/D ratio
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(30), this means the increase in L/D ratio leads to increase the torsional capacity and rigidity of the
pile group.

6. CONCLUSIONS

1. The torsional capacity of pile group increases when increasing the percentage of allowable
vertical load.

2. The increase in number of piles and L/D ratio leads to increase the torsional capacity of pile
group.

3. For all tests the maximum twist angle at failure is 3° for pile group PG3 when L/D ratio is (20)
and the percentages of allowable vertical load are 0% and 100%,

4. The torque decreases when the torsion load approaches from center of pile cap and increases
when the torsion load goes away from center of the pile cap
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8. NOMENCLATURE
C.: coefficient of curvature

C,: coefficient of uniformity

Dio: diameter of particle when percentage of passing is10%
Dso: diameter of particle when percentage of passing is 30%
Dso: mean grain size

Deso: diameter of particle when percentage of passing is 60%
Gs : specific gravity

L/D: length of pile / diameter of pile

PG3: pile group which consists of 3 piles

RD: relative density, %

oy . vertical stress
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I I
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Figure 1. Pile groups pattern and piles of different lengths (all dimensions in cm).

Figure 2. Grain size distribution curves of sand soil.
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Figure 3. Relative density, and void ratio vs. height of fall relationship.

Figure 4. General view of testing equipment.
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Figure 5. Pile group subjected to torsion load with allowable vertical load.
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Figure 8. Effect of percentages of allowable vertical load on variation of torque with displacement at
corner of pile group when L/D ratio is (20).
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Figure 9. Effect of percentages of allowable vertical load on variation of torque with twist angle of
pile group when L/D ratio is (20).
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Figure 10. Effect of percentages of allowable vertical load on torque capacity at failure of pile group
when L/D ratio is (20).
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Figure 11. Effect of percentages of allowable vertical load on variation of torsion load with

displacement at corner and twist angle of pile group when L/D ratio is (30).
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Table 1. Mechanical properties of aluminum tube.

Yield Strength Tensile Strength
Properties Fy Fu Poisson’s Ratio
(N/mm?) (N/mm?) v
Value 150 212 0.3
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Table 2. Soil properties.

Journal of Engineering

Index Properties Values
Specific Gravity (Gs) 2.61
D1o (Mm) 0.17
D3y (mm) 0.2
Dso (mm) 0.27
Deo (Mm) 0.3
Coefficient of uniformity (Cu) 1.76
Coefficient of curvature (Cc) 0.784
Maximum dry unit weight (kN/m°) 17.64
Minimum dry unit weight (kN/m?®) 14.53
Maximum void ratio 0.79
Minimum void ratio 0.47
Dry unit weight at testing (KN/m®) 16.5
Angle of internal fraction 430
Soil classification (USCYS) SP-SM
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ABSTRACT

The political situation experienced by Iraq before the events of 2003 that led to the collapse of
infrastructure. rebuilding costs were estimated after 2003 by187(million USD) according to the
estimates of the basic needs as stated in Five-Year Plan 2010-2014. The difficult in financing
projects and the continuous demands for maintenance and operating cost, and working by
contemporary styles in different countries, the strategic option is to adopt the government
entering the private sector as a partner in the development process. Since public _private
partnership (PPP's) is at a germinating stage of development in Irag, it has been studied the
critical success factors(CSF's) in the experiences of countries that have implemented the style

(PPP's) in infrastructure projects which can be ensured or controlled in some way and in the

effective management of those already embarked upon . It should pave the way for enhanced

decision making in the choice of suitable projects. The mainly aims of this paper are:

1- To highlight the importance and need of PPP’s contracts in lrag.

2- Establishing a model of CSF's for infrastructure projects in Iraq. collected (87)success
factors which characterized by the state directly in PPP's projects consists of (8)main
criteria(Privatization and investment Policy, Economical , Legal and political ,Financial
and commercial, Administration and organizational ,Social and environmental ,Technical
and Support , motives and guarantees of government) and found out (40) CSFs among
them through questionnaire experienced in these projects to work to assess the standards
and compare them and come to decisions by the decision maker, and therefore have a
database of views experienced for use in other projects.

Keywords: public private partnerships (PPP's), infrastructure projects, investment tendencies
critical success factors (CSF's), decision making
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1. INTRODUCTION

The criticisms of the traditional method of procurement are known and documented in many

literatures and researches. Such issues include delay in time, cost overrun, lack of single point

responsibility, tendency to adversarial relationships, lack of utilization of construction
knowledge, backwardness in innovation, among others. The private sector in the world is

increasingly getting more involved in the provision of public infrastructure and services across a

wide range of industries and sectors in order to alleviate the spending on governments’ budgets.

Over recent years the interest in adopting public private partnerships (PPP’s) has increased

internationally. Many research studies have presented positive reasons for the governments and

the private sector to welcome this form of procurement, rather than continue adopting the
traditional options. A PPP’s can provide a number of benefits to the public sector such as:

1. Speedy, efficient and cost-effective delivery of projects;

2. Creation of added value through synergies between public sector and private sector, in
particular, through the integration and cross-transfer of public and private sector skills,
knowledge and expertise;

3. Alleviation of capacity constraints and bottlenecks in the economy through higher productivity

of labor and capital resources in the delivery of projects;

. Competition and greater construction capacity;

. Accountability for the provision and delivery of quality public services;

. Innovation and diversity in the provision of public services; and

. Effective utilization of state assets to the benefit of all users of public services.

~N o o1&~

2. IRAQ INVESTMENT TENDENCIES AFTER 2003

Encouraging private sector for the good deed in economical development will reduce the burden
left on state shoulders and will contribute to attract more unemployed hands through achieving
more economical bases variations. After the 2003 war, several laws went into effect improving
Iraq’s business environment and changed the legal regime attracting foreign investment and
allowing foreign investors national compliant treatment. The following are the Iragi investment
tendencies after 2003.:-

2.1 Constitution of Iraq 2005(al-Waqa'i 'al-'Iraqiyah,2005)

The most important state investment tendencies in Iraqi new constitution(2005) which concerns
with these issues that comes in the constitution articles with direct touching in organizing the
economical affairs ,which concentrate on the investment issue especially in the following:

Article 112-second: Refers to (depending on new marketing technical principle encouragement
of investment, because by changing the economical order from socializing to capitalizing and
encourage the adventure towards marketing economics spontaneous stricter through the offer and
demand ways).

Article 111: QOil and gas dominated by the Iragi people to all regions and governments; the
fortunes is owned by the government to people; the state view has changed in possessing the
natural fortunes from the state possessing to people possessing.
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Article 25: Iragi state guarantees reforming its economic according the modern economical
foundation, which ensure its full sources investment, varying its sources, encouraging special
sector and developing it.

Article 26: Iragi state guarantee encouraging investment in different sectors, and organized by
law, the investment will be according to marketing economics, so that the state will take the
investment supporting role which will complete through especial sector not the investor role.
Article 23: The special possessive reserved by low and the owner has the right to get benefit by
his possessing and uses it and disposal it.

Article 23-second: It is impossible to take the property dispossess of the owner by force except in
general benefit (public fair) benefits in opposite to fair compensation.

Article 23- third: Iragi has the right to possess any thing every where in Iragi land.

Article 24: Special and local education is guaranteed and organized by role.

2.2 Iragi Investment law I.1.L(, al-Waqa'i 'al-'Iraqiyah,2006)

Iragi parliament gives the agreement on the (I.1.L) NO.13 2006 on October, and becomes valid

from January 17-2007, this law encourages both local and foreign private investors to invest in

the country and which protects investors' property rights. The investments do not include

investment less than 250 000 USD and awards fundamental privilege and guarantees include:

1. Exempts approved investment projects from certain taxes and fees for at least 10 years;

2. Allows investors to repatriate investments and profits from investments ;

3. Allows investors to rent or lease land for the whole period of an investment project,

4. Allows investors to insure projects with any national or foreign insurance company;

5. Permits investors to open accounts in Iraqi or foreign currency or both at Iragi banks or at
banks outside Irag.

2.3 International convention action with Iraq(2007)

In May 3™ 2007 the prime minister (Noori Almaliki) has released and the united nation

secretary general (Ban Q Mun), the international convention action with Iraq in Sharm Alsheikh,

this convention is an action released by Iraqgi government aims to hold new partnership between

Irag and international community, the purpose of this action to achieve national vision to Iraq

aims to support peace and to achieve political, economic and social development through coming

five years, it has been taken the investment and reformation program in details. the aims of the

development of private sector and encouraging investment are:

1. To create a suitable environment for private investment and to find work chances.

2. To confirm sovereignty of law in financial and commercial fields.

3. To develop the justice system and law abilities in this field to ensure protection for private
ownership and credibility of contracts.

4. To a plicate investment law and to issue and a plicate a new commercial law.

. Improve and facilitate establishing commercial works, workers employment property

registration, gaining loans, dealing with license and over boarders’ trade, ,

6. Improving finance for private sectors, especially for small and medium companies. Including
loans assurances, good aspects of finance including small and medium companies ,

7. Listing lawful texts within the legislation and instructions of general contracts to encourage
public private partnership.

8. Joining the economical cooperation and investment organization for Middle East and North
Africa which are interested in private sectors and encouraging investment.

(621
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2.4 National development strategy in Iraq (2010-2014)

It displayed the preferences strategies to rebuild and develop Iraq, we fixes the goal for the

purpose of achieving the fundamental national view in regaining Iraq its suitable rank in the

international community as continental economical flourish power, opened on all marketing

economics. Under chapter 11, the Objectives and Means of Achieving the vision "An interactive,

participatory, and competitive private sector that supports sustainable growth, are:-

Objectivel: Enhancing the Private Sector’s Developmental Role:

1. Increasing its percentage contribution in gross domestic product generation and capital
formation.

2. Increasing its percentage contribution in job creation by the scope of the private sector.

3. As private sector savings are key sources for funding plan projects,

4. Making the private sector a source for diversification of commodity supply using the method of
private integrated industrial Complexes.

Objective2: Partnership between the Private and Public Sectors:

1. Determining the forms of partnership and choosing the most appropriate,

2. Legislating and activating a privatization law.

3. Establishing support for technological projects and expanding their adoption.

Objective3: Promoting an Environment that Encourages Investment:

. Adopting flexible policies that respond to local and international economic changes.

2. Expanding establishment of economically feasible shareholding companies

3. Completing the law and regulation system that supports the private sector and the economy

4. Developing banking systems, capital markets, and lending plans

5

6

[HEN

. Updating economic regulations that support a market economy,
. Relying on transparency as the basic premise for building the investment relationship between

the private sector and the state

7. Developing the government institutions’ capabilities,

Objectived: Privatizing of Public Sector Projects

1. Developing the Iragi stock market from an administrative, technical, and technological
perspective.

2. Instituting a flexible and transparent privatization law that protects state and worker rights,

3. Offering stocks for public subscription ,

4. Providing workers with a portion of the shares of the companies sold

Objective5: Developing the Banking Systems and Supporting Financial Institutions

1. Liberating interest rates and exchange rates and reducing restrictions on the flow of capital

2. Developing financial risk management technologies and systems to mitigate the impacts of
said financial risk

3. Revitalizing private banks to promote the effectiveness of the private sector’s financial
transactions

4. Strengthening banking systems’ technical and guidance roles to provide support and financial
advice to private sector investors.

Objective6: Developing the Private Sector’s Competitive and Export Capabilities

1. Examining potential export markets and creating a database thereof

2. Completing the export infrastructure consisting of cold storage, cargo shipping...etc,

3. Focusing on quality, packaging, and marketing,

4. Orchestrating extensive marketing campaigns in regional and international markets,

5. Developing business partnerships with the various economic blocs to enhance trade,

Objective7: Strengthening the Private Sector’s Role in Regional Development
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1. Distributing roles between the state and province on the one hand, and the private sector on
the other hand

2. Promoting decentralization in the management of development facilities,

3. Activating the private sector’s role in developing slow-growing provinces,

4. Encouraging the private sector to participate in province development plans.

2.5 Infrastructure law in Iraq

The draft has been put in 2009 in order to do the strategic projects execution like (ports, hospital
and rebuilding the establishment and substructure of vital projects) which effect on social and
economical life .The costs of achieved projects must be paid for the execution companies during
not more than five years from handing the project over date, or any agreed period not less than
five years .in order not to bear debts of the execution projects the law limits of sum of the
contracts by 70000 million dollars .establishing the infrastructure raise the projects economical
value, which represent their production and their services an opening to infrastructure projects
and to the projects stand its production on the services which supplied by the infrastructure.
Never the less this law does not appear for reasons for other side concerning:

1. Open the corruption and wasting funds.

2. Drowning Iraqg into debts.

The international development studies center reveal (in London)that infrastructure law in Iraq
will contribute to increase the Iragi exhausted economy burdens with debts and interest without
any guarantees protect Iraqi people development rights.

3. INVESTMENT ENVIRONMENT CHALLENGES IN IRAQ

In spite of present investment environment distinguished, especially by investment law (2006),

containing many of necessary motives, but the challenges still face the investors are:-

1. inflexibility of administration state in required interaction and the absence of working by one
window, in addition to that ,there are miscellaneous items approved represented by discovering
administration

2. Weak commercial banks, which could by high flexibility fast responsibility for investment
requirement in addition to weak of insurance companies presence.

These factors contribute to make the investment environment weak comparison with other
countries. When we review to surveying have done by international bank 2014 (doing business in
Iraq) see Fig.1.The World Bank ranks Iraq 166th out of 183 countries in its “Doing Business
2011” behind even Haiti and Zimbabwe to 151™ out of 189 countries in its “Doing Business
20147, and thus still indicates a very serious situation.
In particular, survey of the ease of doing business around the world, the worst ranking of any
country in the Middle East., Iraq ranked 128th globally in terms of “protecting investors” and
142th in “enforcing contracts”. The World Bank scored it 4.3 out of 10 on its “strength of
investor protection index”. The survey notes that court proceedings to enforce contracts in Iraq
require 51 procedures taking an average of 520 days. By contrast, Singapore, which topped the
global ranking, requires 13 procedures, which take 150 days. So we found the survey solution
reflects the high hard degree in using economical activities.

Tablel.showing the ranking of Irag according to mainly ten index about starting business, Where

the government administration incapable to create a suitable and encouraging circumstances to

bring qualified businessmen and contractors.

It is noteworthy to compare Iragi investment environment and ranks relative to comparator

economies and relative to the regional average, see Fig. 2, by using the economic survey data

which presented by The International Bank for Reconstruction and Development, international
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bank,2014.we found a big difference refers to that Iraq relatively represent a difficult investment
environment.

4. SITUATION OF INFRASTRUCTURE FACTS IN IRAQ
In 2010, after the new investment law was passed the private finances including investment
contracts in some major infrastructure and residential projects were estimated over $40 billion in
all sectors see Fig.3. Since 2009 Irag has attracted investments worth $23 billion, National
Investment Commission,2009.
Dr. kamal (Iraq institute for economic reform) has revealed in practical study including public
sector during 2007, the negative effective factors in retardation of execution, we found in
Table2.schedule number of factors, for example 91%of state administrations think that the
negative effective factor is the late to prepare the site for working commencement. Dr. kamal has
perform two studies once in 2008,and the other 2011 ,which the images doesn’t differs so much
than 2008 but many details about worse execution matters embodied by the following:-
A- outer factors(the factors don’t affect on foundation disability) : represented by
1.security circumstance influences
2.supervision foundations standard obstacles,
3.absence of infrastructure projects
4.general budget agreement delay
5.Inflexible rules and arrangement.
6.Law domination weaker because of exceptional circumstances of political operation faces.
B- Interior factors (specialized by productive foundation for services) ,this factors lead to project
delay and in consistency. Represented by:
1.Good leader ship required weakness implementation (decision making transparency,
Depending on adequate (qualified person), Remote planning etc).
2.The weakness leadership reflects on technical knowledge not being found in project
administration, like tender opening and analysis commission, resident engineer's directorate,
disability of technical as measuring devices and laboratories..
3.Responsibility inducement absence and complication of administration central systems.
C- Complementary working weakness factors between different foundations. Coordination
factors between different estate administrations. Its include for example:
1.Weakness cooperation between government administrations concerning the land designation.
2.Weakness of financial allowances decisions (ministry of planning).
3.Weakness of paying government allowances(ministry of financial)
4.0pening LC(Central Bank and Iraqi commercial Bank).....etc
Rebuilding costs were estimated after 2003 by 187 billion USD for the period 2010 2014
according to different economical sectors essential needs which represent maximum standard for
required investment in rebuilding and saving citizen fundamental needs ,they distributed as they
come according to fifth plan(2010-2014) in the following schedule, It is distributed in Table 3.
Through a historical look, and in light of government obligations toward inflated operating
expenses, particularly in terms of the magnitude of salaries, pension payments, and expenses
pertaining to security and price subsidies, the public budget can allocate what corresponds to 30
percent of these revenues to investment spending, i.e., 117,119 billion dinars or US$100 billion.
See Table 4.
The magnitude of investment needed to achieve the plan’s target growth rate of 9.38 percent
annually is 217,637 trillion dinars, or US$186 billion. It is anticipated that development partners
(the domestic and foreign private sector) will fund US $86 billion, which will be spent in the
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various fields specified by the plan, as well as other activities not set forth in the plan such as
insurance, banks, and other personal services. See Table 5.

Government investment as well as domestic and foreign private sector investment will contribute
to executing the plan’s aggregate and objectives. Specifically, the government will contribute
53.7% of investment, with the foreign and private sector contributing 46.2% of investment
during the years of the plan.

According to what is presented and working by contemporary styles in different countries. the
Strategically chosen for rebuilding and rehabilitating the infrastructure projects in Iraq is adapted
by PPP's contracts to public sectors in accordance of it, the public sector partner (regulator)
agreed with private sector partner (provider) to execute the infrastructure projects according
specification and limited period of time. It is necessary to use this type of contracts to develop
private and public sectors inside the form of harmony (twin) between local sector and foreign
sector.

5. PPP's CONTRACTS

5.1 PPP's definition

No universally acknowledged and convincing definition of PPP's exists. One cause lies in the
complexity, multi-dimensionality and changeability of the concept , Ziekow,2008. Accordingly,
various definitions are very global and embrace all forms of co-operation between public and
private actors, Ulli Arnold,2011.

According to International Monetary Fund, IMF, 2004. public-private partnerships (PPP's) refer
to arrangements where the private sector shares the risks by supplying infrastructure assets and
services that traditionally have been provided by the government, see Fig.4 .Partnership is a
means of mobilizing the energies and talents of diverse sector of society to bring about social
and economic transformation. The inter-sectoral collaboration between government, the business
sector and civil society is based on the premises that partners have distinctive assets that can be
combined in a more productive manner to find long lasting solutions to complex problems,
Fourie, 2006.

5.2 PPP's forms
The World Bank and PPIAF Private Participation in Infrastructure (PPI) Project database is
divided into sectors as follows ,World Bank, 2012.:
* Energy (electricity and natural gas)
* Telecommunications
* Transport (airports, seaports, railways, and toll roads)
» Water and sewerage (treatment plants and utilities).
Within these four sectors, the database identifies four types of projects: management and lease
contracts, concessions, green field projects, and divestitures. and identifies sub-categories for
each of the four types of projects- the World Bank classification is depicted in Table 6.
1-Management and Lease Contracts - A private entity takes over the management of a state-
owned enterprise for a fixed period while ownership and investment decisions remain with the
state. There are two subclasses of management and lease contracts:
« Management contract - The government pays a private operator to manage the facility. The
operational risk remains with the government.
« Lease contract - The government leases the assets to a private operator for a fee. The private
operator takes on the operational risk.
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2-Concessions - A private entity takes over the management of a state-owned enterprise for a
given period during which it also assumes significant investment risk. The database classifies
concessions according to the following categories:

« Rehabilitate, operate, and transfer (ROT): A private sponsor rehabilitates an existing facility,
then operates and maintains the facility at its own risk for the contract period.

« Rehabilitate, lease or rent, and transfer (RLT): A private sponsor rehabilitates an existing
facility at its own risk, leases or rents the facility from the government owner, then operates
and maintains the facility at its own risk for the contract period.

« Build, rehabilitate, operate, and transfer (BROT): A private developer builds an add-on to an
existing facility or completes a partially built facility and rehabilitates existing assets, then
operates and maintains the facility at its own risk for the contract period.

3-Greenfield Projects - A private entity or a public-private joint venture builds and operates a

new facility for the period specified in the project contract. The facility may return to the public

sector at the end of the concession period. The database classifies Greenfield projects under the
following categories:

« Build, lease, and transfer (BLT): A private sponsor builds a new facility largely at its own risk,
transfers ownership to the government, leases the facility from the government and operates it
at its own risk up to the expiry of the lease. The government usually provides revenue
guarantees through long-term take-or-pay contracts for bulk supply facilities or minimum
traffic revenue guarantees.

« Build, operate, and transfer (BOT): A private sponsor builds a new facility at its own risk,
operates the facility at its own risk, and then transfers the facility to the government at the end
of the contract period. The private sponsor may or may not have the ownership of the assets
during the contract period. The government usually provides revenue guarantees through long-
term take-or-pay contracts for bulk supply facilities or minimum traffic revenue guarantees.

« Build, own, and operate (BOO): A private sponsor builds a new facility at its own risk, then
owns and operates the facility at its own risk. The government usually provides revenue
guarantees through long-term take-or-pay contracts for bulk supply facilities or minimum
traffic revenue guarantees.

e Merchant: A private sponsor builds a new facility in a liberalized market in which the
government provides no revenue guarantees. The private developer assumes construction,
operating, and market risk for the project.

« Rental: Electricity utilities or governments rent mobile power plants from private sponsors for
periods ranging from 1 year to 15 years. A private sponsor places a new facility at its own risk,
owns and operates the facility at its own risk during the contract period. The government
usually provides revenue guarantees through short term purchase agreements such as power
purchase agreement for bulk supply facilities.

4- Divestitures - A private entity buys an equity stake in a state-owned enterprise through an

asset sale, public offering, or mass privatization program. The database classifies divestitures in

two categories:

 Full: The government transfers 100% of the equity in the state-owned company to private
entities (operator, institutional investors, and the like).

« Partial: The government transfers part of the equity in the state-owned company to private
entities (operator, institutional investors, and the like). The private stake may or may not imply
private management of the facility. These would not be PPPs as defined in this paper.
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6. JUSTIFICATION OF PPP's IN IRAQ

We may limit these justifications as following:

1.The accelerating technical and economic changes which provide an opportunity for the
reduction of the costs of projects.

2.The increasing pressures of competition and the reduction in the rates of growth.

3.The limitations on the financial, human resources and technology available to the public sector,
in view of the multiplicity of spheres and projects which are in need of implementation.

4.The limitation of the financial resources allocated for social development programs, and the
demands of citizens for improving the services offered by governmental institutions.

5.To increase the effectiveness and capabilities through adopting the principle of comparative
advantage and the rational division of labor.

6.To support the partners by affording they complete solutions required by the nature of the
problems.

7.To enhance decision making in the service of the public interest.

8.To achieve a higher value on the invested capital .

7. REQUIREMENTS OF SUCCESSFUL PARTNERSHIP FOR INFRASTRUCTURE

For countries that are new at adopting PPP's, it is even more important for them to identify the
success factors in order to maximize the advantages of this method and to reduce the risks for all
parties. The concept of ‘Critical Success Factors’ (CSF's) was first introduced by Rockart 1979,
Dada,2012.CSF's are ‘those few key areas of activity in which favorable results are absolutely
necessary for a particular manager to reach his or her own goals’. Critical success elements are
significantly important to help firms or organizations to identify key factors that firms should
focus on in order to be successful in a project ,Hardcastle ,2005.

Some researchers have been conducted to identify CSF's for project success using quantitative
measures of various factors. However, these factors are only confined to the project management
efforts. The same approach also cannot be adopted to cover intangible factors or be used when
hard performance data are not available. Alternatively, CSF's have also been identified using
expert opinions. The impact of experience possessed by project key personnel toward project
outcomes has been widely recognized. A comprehensive literature review to identify the CSF's
of PPP's has been conducted. Relevant published literature including textbooks, research reports,
journal articles, conference papers, and internet materials were reviewed thoroughly. Table 7,
shows a summary of the analysis of these pieces of literature.

7.1 CSF's for infrastructure projects under PPP's model

To assessing CSF's for the viability of government component includes 87 significant decision
factors shown in Table 8, grouped and classified according to relevance under eight main criteria
including (Privatization and investment Policy ,Economical ,financial and commercial, legal and
political, social and environmental, technical, administration and organizational and support and
government incentives).

7.2 ldentification CSF's for infrastructure projects under PPP's model in Iraq

A questionnaire was designed to acquire different views about the CSF's. The respondents (46)
person, include government sector, private investors, and academic experts who have engaged in
the PPP's projects. Experts’ respondents were requested to rank these factors for success the
implementing of PPP projects according to a five-point Likert scale (1 = Least Important and 5
= Most Important). By using statistical program (IBM/SPSS,V20), the researcher analyzed the
questionnaire answers within three steps:
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1- Making arithmetic average for factors then arrange them according to their importance.

2-Having the general average for factors importance according to the analysis of the
questionnaire.

3- Limited importance and Significance indexes for factors.

The evaluation results were shown as Table 8. Delete those factors whose significance indexes

values are less than 60% and the factors left are critical success factors. For the particular study,

The researcher taking the most important five ranking factors in order to inviting government

obligation to fulfill these aims and discussing the briefing description of CSFs

7.3 Brief description of CSF's
This paper has attempted to summarize the main issues surrounding the development of PPP's
initiatives for infrastructure projects, and has highlighted the necessary structuring principles to
strengthen the identification and analysis of that type of projects. Basing on the characteristics of
CSFs for infrastructure projects under PPP's model and the viewpoints of experts during the
questionnaire of this study, the priorities of CSF's in PPP's model have ranked as a key issues in
five ranking under eight main criteria, are:
1- Privatization and investment Policy criteria
The government must be clearly obliged to words PPP's in development of infrastructure
services. The government controls many of necessary success factors of infrastructure projects
under PPP's. Nobody can participate or investor or borrower unless it without depending on the
inviting government which is fixed all the project period.
the most important five Privatization and investment Policy criteria factors which The inviting
government obligation must fulfill these aims:

¢ The country need for private sector finance and technique.

¢ Obvious national political for development clearly obliged the private sector participation in

financing substructure projects.

¢ A good national reputation.

e Participation notion of people acceptance
e The government obligation in compliance with substructure projects based on PPP's.
2- Economical criteria
According to the infrastructure investment importance of national development, the government
must put a work scheme for economical evaluation to make sure that better decisions are made
then achieve a value for finance by using the country local sources and the foreign investment
with limitation of the government participation with the project profits. the most important five
economical criteria obligation must fulfill these aims:

o Multi benefit objectives.

e Economical development flourish's contribution.

¢ Real demands promising (perspective).

e Level of economic development.

e Public debt problem salvation and lessen deficit
3- Legal and political criteria
Whether to assess the contracting authority has the legal ability to enter into a PPP contract. The
legal viability assessment should also consider the legal implications of the project in relation to
existing employees, assets and contracts.Attractiveness of any PPP's projects to private sector
investor depends on the way which the government treats main legal cases like carrying out
contracts and private ownership ,taxes, insurance, foreign sector finance, profits they are all
critical things for all foreign investment in PPP's projects. The most important five legal and
political critical factors which the government obligation must fulfill these aims:
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e Legal framework for realization of PPP’s projects.

e Political stability.

e Expropriation.

e Government skills in PPP's projects.

e National resources and services use.

4-  Financial and commercial criteria

The Development in the financial market is a great importance in attracting local and foreign

investments because they make it easier for the investor access to financial resources when

needed and the ability to be employed when there are assets, and they are easier for the investor

out of the market with minimal losses. The most important five Financial and commercial

criteria factors which the government obligation must fulfill these aims:

Contracts execution ability ;

Availability of foreign currencies ;

Sufficient rules for foreigner property and company establishment;

Efficient capital market;

Commercial banking jobs legislation and insurance.

5- Administration and organizational criteria:

The government should establish a framework to host administratively credible and effective

implementation of the strategy for PPP's successfully so that the complex bureaucratic

procedures and lack of decision-making authority to managers often referred to as a serious

bottleneck for operations PPP's. the effective administrative framework will greatly accelerate

private sector investment in projects of PPP's. There is no management framework and perfect

single for the development of all PPP's projects so that each country has its own Special

administrative and special culture administrative region. the most important five Administration

and organizational criteria factors the government obligation must fulfill these aims:

e Legislation suggestion and putting administration systems to activate and watching projects.

e Penetrate the bureaucratic obstacle to secure the immediate ratification and auditor.

e Limit and put priority for PPP's projects in compliance with ministries and government
organization and local executive corps.

e Training of administration person to understand and value the plans of PPP's.

e Using consultative corps to check, certification, development and PPP's projects executive.

6- Social and environmental criteria

the development and implementation of most PPP's projects is a customary in traditional

infrastructure projects, take a survey of social , environmental ,social impact assessment ,

environmental standards and characterization of environmental performance standard is

particularly important. The most important five social and environmental critical factors which

the government must follow to make successful PPP's projects as appeared in analysis of

questionnaire are:

Job security and achieve development implementing

The impact of Wars and terrorism

Private sector participation activation

Local support from the surrounding community to the project

Existence of environmental policies.

7- Technical criteria

This refers to the availability expertise in terms of technology, management, material, equipment

and human resources to undertake infrastructure projects in Iraq. The government is seeking

projects in the PPP's to increase the benefits of the PPP's projects up to the maximum for each of
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them, local capacity-building and technology transfer from the project sponsors , guarantors and

contractors and so the PPP's projects can formulated to provides for the transfer of advanced

technology and reduce the countries' dependence developing on foreign technology and improve

the self-reliance of technology they have. The most important five Technical criteria factors

which the government obligation must fulfill these aims :

e The applicable technology to infrastructure projects must be aligned with national available
input and with the current and expected needs of the country.

e Training and the use of national elements trainees to transfer technology.

e Cooperation between local companies and project companies to manufacture equipment.

e The acquisition and transfer of technology from sponsors.

e The use of local goods and services to insure local participation as long as it is rival in
(quality, service and time table for delivering and price)

8- Support and government motives and guarantees criteria

the governments should assess the need to provide incentives support both direct and indirect in

all PPP's projects almost , and vary the degree and type of support varies greatly too , depending

, among other things on the country risk and the feasibility of the project and the country's need

for the project and the competitive position of the Government .The most important five Support

and government motives and guarantees criteria factors which the government obligation must

fulfill these aims:

e Currency exchange protection.

The host government Contributions coming from the existing assets

Land and Facilities for other logistic made by government.

Providing incentive and tax guarantees.

Financial support Subsidy.

7. CONCLOTION

According to what is presented in this paper about the facts of infrastructure projects in Iraq and
the tendencies of investment after 2003. the Strategically chosen for rebuilding and rehabilitating
the infrastructure projects in Iraq is adapted by PPP's contracts to public sectors in accordance of
it, the public sector agreed with private sector to execute the infrastructure projects according
specification and limited period of time.

This paper has presented the requirements of successful partnership in Irag, depending on the
basis of reviewing relevant researches of (CSF's) in PPP's projects and local factors in Iraq and
findings from a questionnaire survey including looking at the 87 previously identified CSF's for
PPP's models. The significances index technique was used to identify the ranking of CSF's. The
findings showed that five underlying grouped factors accounting in responses were derived from
the 87 success factors. All loadings for the CSF's were greater than 60% indicating a high
absolute value for each.found out (40) CSF's. thus they are especially important CSF's based on
our interpretative structural model. These findings will be of help to the successful scientific
decision-making of infrastructure projects in their evaluation of CSF's for PPP's projects in Irag.
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Figure 1.How Iraqg ranks on Doing Business topics (doing business in Iraq 2014) .
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Table 1. How Irag ranks on Doing Business topics (doing business in Irag 2014).

TOPICS DB 2014 DB 2013 Change in
Starting a Business 169 168 s -1
Dealing with Construction 20 28 + +8
Getting Electricity 39 49 + +10
Registering Property 108 99 + -9
Getting Credit 180 177 + -3
Protecting Investors 128 127 s -1
Paying Taxes 63 65 ¢ +2
Trading Across Borders 179 182 + +3
Enforcing Contracts 142 143 ¢ +1
Resolving Insolvency 189 189 No change
Table 2. balanced sheet (2006-2010).
NO. Effective factor Ratio %
1 Working commencement delay because of preparing site. 91.30
2 Security absence 86.96
3 Unlimited of the period of opening and analyses and remits. 76.19
4 Un chosen apt contractor. 76.19
5 Complete working investigation not has been found. 73.91
6 Financial allowances delay transformation 69.57
7 Changing order taking decisions delay 68.18
8 Contractor advance payment delay 52.38
9 Incompatible observation and management 40.91
10 Site receiving delay of the contractor 38.10
11 Unavailable of gas oil and asphalt and others 36.48
Table 3. The investment Estimation of the economic sector.
the investment Estimation needs of the economic sector M'élfl';rds
activities 2006(1) | 2007 | 2008 | 2009 | 2010 total
Crude oil extraction 3.4 84 | 87 | 93 | 9.6 36.0
Electricity 6.0 | 44 | 35 | 26 16.5
Water Resources 1.0 15 15 1.2 5.2
Agriculture 1.1 | 10 | 1.0 | 1.0 4.1
Manufacturing 03 | 02 | 02 | 01 0.8
Transportation, transport 75 | 75 | 75 | 75 30.0
Building and construction 15 | 15 | 15 | 15 6.0
Home ownership 10.0 | 12.0 | 15.0 | 15.0 52.0
Health 25 | 33 | 44 | 45 14.7
Education 06 | 06 | 0.6 | 0.6 2.4
communications 03 | 03 | 02 | 0.2 1.0
Water and sanitation 14 | 19 | 25 | 2.7 8.0
Devglopment of regions and 205 | 25 | 30 | 40 110
provinces
tatal 149 | 43.1 | 454 | 49.7 | 495 | 187.7
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Table 4. The budget of Iraq state.

Designated and paid investment spending for(2007-
2012)

year 2008 | 2009 | 2010 | 2011 | 2012
Operating 524 |46.3 |52.2 |66.6 |79.9
spending

investment 217 | 128 |20.2 | 301 |37.2
spending

% total budget 29% | 22% | 28% | 31% | 32%
Total budget 741 |59.1 | 724 |96.7 |117.1

Table 5. Anticipated Financial Revenues for the Years 2010-2014 (Billions of Iragi Dinars).

Anticipated Financial Revenues for the Years 2010-2014 (Bilions of Iragi Dinar)

Committee Estimates for Qil Alternative Oil

Revenues Non-Qil Revenuss Total (-1) Estimates Total (-2)
2010 55,089.45 3,263.6 58,363.1 55,089.4 58,353.1
2011 61,880.13 5,628.2 67,507.7 61,880.1 67,507.7
2012 72,508.5 8,354 78,052.5 82 506.1 88,860.1
2013 81,310.32 B,846.9 88,157.2 99,006.6 105,853.5
2014 90,022.14 7404.4 a7,426.5 118,808.8 126,213.2
Total 390,397 446,787.8

Plan Calculations

30 percent of budgst revenues
targsted to investment spending

Portion funded by the domestic and
foreign private sector

Billions of dinars

Billions of dollars  Billions of dinars  Billions of dollars

Alternative One 117,118.1 100 152,345.9 130.2
Alternative Two to be adopted after 2010 134,036.3 114.86 83,600.7 1.5
Table 6. Classification of public- private partnership.
Ppp option Service Management Lease BOT Concession
/activities contracts contracts contracts contracts contracts
Flnancmg Puplic Puplic sector Puplic sector | Private sector Private
investment sector sector
Flnan_cmg . Puplic Puplic sector Private sector | Private sector Private
workings capital | sector sector
Contractual . Private .
. . Puplic sector(on . . Private
relations with Private sector | Puplic sector
sector behalve of sector
customers .
Puplic sector)
Private sector :
. Low to medium to .
responsibility and | low low . . high
medium high
autonomy
Need of private |, low low high high
capital
Financial risk for | low low Low to high high
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private sector medium
Duration .Of 6 months- 3-5 years 5-15 years 15-30 years 20-30 years
contract license 2years
ownership Puplic Puplic sector Puplic sector P“V&.‘te then Puplic
sector Puplic sector | sector
Mainly Private
management Puplic Private sector Private sector | Private sector sector
sector
. . Puplic . Contract and | Public/Private | Contract
Setting prices Puplic sector
sector regular sector and regular
i . Puplic . . Puplic/Private | Private
Collecting bills Private sector Private sector
sector sector sector
Improve Improve Improve Mobilize Mriczgtléze
Main objective of pro pro pro private priv
operating technical technical . capital and
ppp - - . capital and
efficiency | efficiency efficiency ) Jor
/or expertise i
expertise

Table 7. Critical Success Factors for PPP Projects through Literature Review.

NO.

CSF’s

Ppp type

Author

1-

Tiong identified six CSF’s for private contractors
in competitive tendering and negotiation in BOT
contracts as:

1- entrepreneurship and leadership;

2- right project identification;

3- strength of the consortium;

4- technical solution advantage;

5- financial package differentiation; and

6- differentiation in guarantees

BOT

Tiong (1996)

Tiong identified CSF’s in winning BOT contracts,
which include factors such as:

o right project identification,

o strength of consortium,

o financial package differentiation’ and

o supportive and understanding community.

BOT

Tiong and Alum (1997),
Gupta and Norasimham
(1998

Buksbaun describes Public Private Partnership as:

1- new institutional relationships ,

2- effectively address critical
challenges.

3- developed by mobilizing the energies and talents
of diverse sectors to bring about social and
economic transformation.

4- result of mature democratic tradition

socio-economic

PPP
general

Buksbaun (1999)

Qiao established Eight independent CSF’s ,were
1- appropriate project identification;
2- stable political and economic situation

BOT

Qiao (2001)
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3- attractive financial package;

4- acceptable toll/tariff levels;

5- reasonable risk allocation;

6- selection of suitable subcontractors;
7- management control; and

8- Technology transfer.

5- | Jefferies explored CSF’s to Stadium Australia. And | BOOT | Jefferies et al. (2002)
identified and examined 15 success factors relevant
to the project and the most significant CSF’s
include,
1-compatibility/complimentary skills among the
key parties’,
2-‘technical innovation in overcoming project
complexity’ and
3-‘efficient approval process’.
4-‘environmental impact’,
5-‘developed legal/economic framework’,
6-‘political stability’,
7-‘selecting the right project’,
8-‘existing strategic alliances’,
9-‘good resource management’,
10-‘trust’,‘community support’,
11-‘feasibility study’,
12-‘transfer of technology’,
13-‘financial capability’, and
14-‘consortium structure’.
6- |Solomon showed that ppp Solomon Olusola
1- well organized and committed public agency; Babatunde
2- social support; 2002
3- project technical feasibility and multi-benefits
objectives.

are the CFSs that are most important to the private
investors. On the other hand, factors such as:

1- transparency in the procurement process

2- shared authority between public and private
sector;

3- thorough and realistic assessment of the cost and
benefits;

4- commitment and responsibility of public and
private sector and

5- strong and good private consortium

are the CSFs that are most important to the public
clients.

7- | Akintoye investigated Factors that: PFI Akintoye et al. (2003)

1- Contribute to the achievement of best value in
PFl projects are detailed risk analysis and
appropriate risk allocation, drive for faster

project completion, curtailment in project cost
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escalation, encouragement of innovation in
project development, and maintenance cost
being adequately accounted for.

2- impede the achievement of best value in PFI
projects are: high cost of the PFI procurement
process, lengthy and complex negotiations,
difficulty in specifying the quality of service,
pricing of facility management services,
potential conflicts of interests among those
involved in the procurement, and the public
sector clients’ inability to manage consultants.

8- |Jamali investigated the CSF’s for PPP Ppp Jamali (2004)
implementation in the telecommunication industry | general
in Lebanon. Using a case study approach, the
findings indicate that
1-‘trust’,
2-‘openness’ and
3-‘fairness’
are basic foundational underpinnings of successful
PPPs
9- | Zhang advocated that PPP project procurement Ppp Zhang (2005)
should be based on a public— private win—win | general
principle. It is under this premise that he was able to
identify five CSF’s and a number of SSFs. These
are:
1-favorable investment environment;
2- economic viability;
3- reliable concessionaire with technical strength;
4- sound financial package; and
5-appropriate risk allocation via reliable contractual
arrangements
10- | Hardcastle used factor analysis approach to identify PFI Hardcastle, Edwards
CSF’s in PPP/PFI projects in the United Kingdom Akintoye and Li (2005)
construction industry:
1- effective procurement;
2- project implementability;
3- government guarantee;
4- favourable economic conditions; and
5- available financial market
11- | A grounded theory research , Trafford discovered ppp Trafford and  Proctor
five key characteristics that are crucial in ensuring (2006)
the success of PPP projects:
1- good communication,
2- openness,
3- effective planning,
4- ethos and
5-direction
12- | He research on factors like general government ppp Hammami et al.(2006)
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balance, total debt, Aid per capita, fuel exports,
ethnic fractionalization, chief executive's party
orientation, opposition parties in legislature,
population, real GDP per capita, inflation, money
supply, international reserves, control of corruption,
composite country risk, rule of law and common
law origin as determinants of PPPs in developing
countries

Bing Li show that the three most important factors
are: ‘a strong and good private consortium’,
‘appropriate risk allocation’ and ‘available financial
market’. Factor analysis revealed that appropriate
factor groupings for the 18 CSF’s are: effective
procurement , project implement ability,
government  guarantee, favorable economic
conditions and available financial market.

PFI

Bing Li, A. Akintoye, P. J.
Edwards Corresponding
author(2007)

Wong proved the Successful PPP's implementation
requires a stable political and social environment,
which in turn relies on the stability and capability of
the host government (Political and social issues that
go beyond private sector’s domain should be
handled by the government. If unduly victimized, it
is legitimate that the private sector participants
should be adequately compensated

PpPp

Wong, (2007).

Wang proposed forty-five success factors of
infrastructure projects under PPP mode in China are
classified into eight main aspects, including

1-the own factors of PPP projects,

2-favorable investment environment,

3- project company competence,

4- project contractor and operator competence,
5-government support,

6- product quality,

7- project management and Regulation policy for
PPP project.

and found out twenty-one critical success factors
,among which,

1- reasonable risk-sharing mechanism,

2-financial system and policy for PPP projects,
3-the improvement of regulation and policy,
4-rational pricing mechanism and effective
supervision mechanis:

PpPp

Wang, LI Qi-ming, Deng
Xiao-peng , LI Jing-hua
(2007)

16-

Jacobson examined principal factors that contribute
to successful PPP projects. Ten success factors were
investigated:

1-specific plan/vision,

2-commitment,

3-open communication and trust,

PpPp

Jacobson and Choi (2008)
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4-willingness to compromise/collaborate,

5- respect’, ‘community outreach,

6-political support,

7-expert advice and review,

8-risk awareness,

9-clear roles and

10-responsibilities.

The results show that ‘high degrees of commitment’
and ‘shared vision between the client, architect, and
contractor’ are the most important factors for
construction success

Abdul Aziz examined the CSF’s of ten PPP
housing projects in Malaysia. The study identified
15 success factors for PPP housing projects:
1-action against errant developer’,

2-robust and clear agreement’,

3-reputable developer’,

4-constant communication’,

5-developer’s profit sharing accountability’,
6-developer’s social accountability’,

7-house buyer’s demand’,

8-negotiation skills’,

9-adequate negotiation staft’,

10-realistic projection’,

11-competition’,

12-ample time to evaluate proposal’,

13-political influence’,

14-consistent monitoring’, and

15-compatibility between partners’.

The results reveal that all 15 factors except
‘political influence’ contribute significantly to the
success of a PPP housing project

PPP

Abdul Aziz (2010)

18-

Dulaimi, Concluded that political support was
regarded as most critical factor, while lack of
appropriate knowledge and skills of the consortia
leads to project failure.

PpPp

Dulaimi, Alhashemi, Ling
and
Kumaraswam (2010)

19-

Ahmadi find in the last experiences in developing
countries and reaching a model for Iran Factors like
GDP, macroeconomic stability, fuel export, budget
deficit, trade deficit, business climate,

PpPp

Ahmadi et al.(2010)

Zhao investigated the factors contributing to the
success of two PPP power projects — thermal power
and wind power — that were developed using the
Build Own Transfer (BOT) mode.the authors
identified 31 success factors for the power projects
and investigate the relative importance of the
success factors specific to the individual thermal
and wind power

BOT

Zhao et al. (2010)
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Chan Used 18 factors to investigate opinions on
CSF’s in PPP. The factors were decomposed into
five underlying groups or factors:

1- stable macroeconomic environment,

2- shared responsibility between private and public
sector,

3- transparent and efficient procurement process,
4-stable political and social environment, and

5- Judicious government control.

Chan, Lam, Chan, Cheung,
and Ke (2010)

22-

Marques described a Successful PPP's projects are
based on three pillars

1- all relevant criteria should be taken into account
in the public tender phase (although the evaluation
model should only contain the strictly necessary
criteria to choose the best bidder);

2- the suitable risk management framework is
determinant to protect the public interest;

3- the sound principles of contract management
must be put into practice (including the definition of
incentives and penalties,

PPP

Marques and Berg (2010)

23-

Akintoye achieving best value in private finance

initiative (PFI1) projects and the associated problems

therein,find the Factors that contribute to the

achievement of best value in PFI projects are

l.detailed risk analysis and appropriate risk
allocation,

2.drive for faster project completion,

3.curtailment in project cost escalation,

4.encouragement of innovation in  project
development, and maintenance cost being
adequately accounted for.

Factors that impede the achievement of best value

in PFI projects are:

1. high cost of the PFI procurement process,

2. lengthy and complex negotiations,

3. difficulty in specifying the quality of
service,

4. pricing of facility management services,

5. potential conflicts of interests among those
involved in the procurement, and

6. the public sector clients’ inability to manage
consultants

PFI

Akintoye, Cliff Hardcastle
et al..2010

24-

Chan showed that the 18 CSF’s could be grouped
into five underlying factors including:

1—stable macroeconomic environment;

2—shared responsibility between public and private
sector

3—transparent and efficient procurement process;

Chan, A., Lam, P., Chan,
D., Cheung,2010
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4—stable political and social environment; and
Factor
5—judicious government control.

25- | Rosa presented PPP infrastructure construction | ppp Rasa Apanaviciené ,
projects can be evaluated according to financial, Rita Rudzianskaité
technical, private partner selection criteria as well Kvaraciejiené,2010
as social, economic, and environmental factors by
using model for effectiveness evaluation of PPP
infrastructure construction projects suggested by
the authors:

a- sustainability performance indicator
1- economical aspects
2- Social aspects
3- Environmental aspects.

b- PPP effectiveness indicator
1- Private sector partner evaluation
2- Project evaluation

26- | Mohamed found that the most important factors in ppp Mohamed Ahmed
Kuwait can be grouped in five clusters. Helmy,2011
1- Effective Procurement,

2- Project Implementability,

3- Government Guarantee,

4- Favorable Economic Conditions
5- Available Financial!Market

27- | The study has established for the Nigerian Dada, M.O.a* and
environment,  Under  favorable  investment Oladokun, M.G.2012
environment both the private and public sectors
ranked
1- Stable political
2- sound financial package,
3—appropriate risk allocation

28- | Basing on the overall respondentsof 18 factors’ ppp . Suhaiza Ismail, Shochrul

results, the top five most critical factors, in

descending order of importance are:

1- good governance;

2- commitment and responsibility of public and
private sectors;

3- favourable legal framework;

4- sound economic policy; and

5- available financial market.

The two factors that were ranked as least important

for project success are government involvement by

providing guarantee and political support.

Rohmatul Ajija
2013
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Ogunsanmi  concluded that for successful
implementation of PPP projects in Nigeria the
contributive CSF’s are:

1- transparent and sound regulatory framework,

2- comprehensive feasibility study,

3- appropriate risk allocation,

4- commitment,

5- responsibility of public and private sectors,

6- strong private consortium,

7- government guarantee,

8- realistic cost/benefit assessment,

9- stable macro-economic conditions and

10-  sound economy policy that must

PpPp

Ogunsanmi
Emmanuel, 2014

Olabode
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Table 8 .statistical analysis results for infrastructure projects under ppp model.

% 95% Confidence
Chang St. . Interval for Mean ranking
NO. | factors mean e significance -
level | deviation . Low High
index X .
ending ending
1- Privatization and investment Policy criteria:
1. Participation notion of people acceptance 3.21 176 1.138 64.200 2.86 3.57 4
2. Opwous national _pplltl_cal _for_deve_lopment clearly obl_lged the 35000 | 14952 | 96903 20.000 3.1980 3.8020 2
private sector participation in financing substructure projects
3. The government obligation in compliance with substructure 5

i 3.1905 | .16778 | 1.08736 63.810 2.8516 3.5293
projects based on ppp

4. The country need for private sector financial and technical 37381 | 14076 | 91223 74.762 3.4538 4.0224 1

resources.
5. The government has a logic base to support ppp projects, 3.1429 | .15828 | 1.02580 62.858 2.8232 3.4625 6
6. Private sector participation activation 2.9524 | .14836 | .96151 59.048 2.6528 3.2520 9
7. Public awareness supportance and laboure unions for private 24048 | 12779 | 82815 48.096 51467 2 6628 10
sector participation.
8. Stable political situation 3.0952 | .15916 | 1.03145 61.904 2.7738 3.4167 8
9. Well international reputation 3.2143 | .17883 | 1.15897 64.286 2.8531 3.5754 3
10. | International plan consistancy 3.1190 | .18417 | 1.19353 62.380 2.7471 3.4910 7
2- Economical criteria;
1. Public debt problem salvation and lessen deficit 3.2143 | .17883 | 1.15897 64.286 2.8531 3.5754 5
2. Political and security stable 3.21 176 1.138 64.200 2.86 3.57 7
3. S(‘ZtgrL:(r;{tirr)é)econom|<:al strength (economical development 35000 | 14952 | 96903 20.000 3.1980 3.8020 4
4, System and interest rate 3.1905 | .16778 | 1.08736 63.810 2.8516 3.5293 8
5. Project benefit of government participation rate 3.7381 | .14076 | .91223 74.762 3.4538 4.0224 1
6. Interest achievement of sale price 3.1429 | .15828 | 1.02580 62.858 2.8232 3.4625 9
7. Market need for project 2.9524 | 14836 | .96151 59.048 2.6528 3.2520 13
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8. ;f;?;ﬁt?e‘s’)rogress"’e and buying assurances(warranty 2.4048 | 12779 | 82815 | 48.096 21467 | 2.6628 14
9. Investment attraction 3.0952 | .15916 | 1.03145 61.904 2.7738 3.4167 10
10. | Joint — stock and local companies 3.2143 | .17883 | 1.15897 64.286 2.8531 3.5754 6
11. | Economical development flourish's contribution 3.7351 | .14076 | .91223 74.702 3.4538 4.0224 2
12. | Real demands promising (perspective) 3.619 |.17024 | 1.10326 72.380 3.2752 3.9628 3
13. | conventional and international society Interest 3.0476 | .17361 | 1.12515 60.958 2.6970 3.3982 12
14. | Purchase orders for articles local equipment 3.0952 | .14780 | .95788 61.904 2.7967 3.3937 11
- Legal and political criteria:
1. National merchandise and services use 3.1429 | .15828 | 1.02580 62.858 2.8232 3.4625 5
2. Resemblance of system and its stability 2.9514 | .14836 | .96151 59.028 2.6528 3.2520 9
3. Privilege ending by government 2.4524 | 11905 | .77152 49.048 2.2120 2.6928 10
4. Competition 2.9524 | 14836 | .96151 59.048 2.6528 3.2520 8
5. The right for using land, roads and supporting establishments 2.4048 | .12779 | .82815 48.096 2.1467 2.6628 11
6. Rarity of risks and argument 3.0952 | .15916 | 1.03145 61.904 2.7738 3.4167 7
7. Government skills in ppp projects 3.2143 | .17883 | 1.15897 64.286 2.8531 3.5754 4
8. Legal framework for realization of PPP’s projects. 3.7381 | .14076 | .91223 74.762 3.4538 4.0224 1
Q. The rate of foreigner property in the projects 3.1420 | .15828 | 1.02580 62.840 2.8232 3.4625 6
10. | Political stability 3.4524 | 14540 | .94230 69.048 3.1587 3.7460 2
11. | Expropriation 3.2857 | .15723 | 1.01898 65.714 2.9682 3.6033 3
- Financial and commercial criteria:
1. Legal frame work to protect personal thoughts 2.9524 | .14836 | .96151 59.048 2.6528 3.2520 8
2. Rules project property rights 2.4762 | .14150 | .91700 48.080 2.1904 2.7619 10
3. Property rights protection from appropriation and natnalization | 3.0238 | .17540 | 1.13671 61.900 2.6696 3.3780 6
4. Contracts execution ability 3.7381 | .14076 | .91223 74.762 3.4538 4.0224 1
5. Sufflc_lent rules for foreigner property and company 31429 | 15828 | 1.02580 62858 28232 3.4625 3
establishment
6. Rent legislation and privilege giving 2.9524 | 114836 | .96151 59.048 2.6528 3.2520 7
7. Environmental and labour rules 2.4048 | .12779 | .82815 48.096 2.1467 2.6628 9
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8. Commercial banking jobs legislation and insurance 3.0952 | .15916 | 1.03145 61.904 2.7738 3.4167 5
9. Efficient capital market 3.1429 | .15828 | 1.02580 62.858 2.8232 3.4625 4
10. | Availability of foreign currencies 3.1667 | .15955 | 1.03398 63.334 2.8445 3.4889 2
5- Administration and organizational criteria:
1. Framing th(_e government politics and choosing suitable sectors 3.0000 | 13632 | 88345 60.000 27947 3.9753 8
for ppp projects
2. Leglslatlon suggestion anql putting administration systems to 37381 | 14076 | 91223 24,762 3.4538 4.0224 1
activate and watching projects
3. Submitting systems for rationalization and coordination
administrative arrangements with ministries and government 2.9524 | .14836 | .96151 59.048 2.6528 3.2520 9
organizations
4. Limit and put priority for ppp projects in compliance with
ministries and government organization and local executive 3.2143 | 117883 | 1.15897 64.286 2.8531 3.5754 3
corps.
5. Using consu_ltatlve corps to check ,certification, development 31429 | 15828 | 1.02580 62 858 28232 3.4625 5
and ppp projects executive
6. Pepgtrat_e the bureal_Jcratlc obstacle to secure the immediate 33095 | 15798 | 1.02382 66.190 2 9905 3.6286 5
ratification and auditor.
7. 'Fl)'li:rllrsnggpogpadm|n|strat|on person to understand and value the 39381 | 15546 | 1.00752 64.762 29241 35501 4
8. ;‘P;:grs)enence of the contracts owner and negotiation of ppp 30952 | 14780 | 95788 61.904 27967 3.3937 6
Q. Spee_d credlts and monitoring extracts credits and speed 30714 | 16483 | 1.06823 61.428 27385 3.4043 ;
monitoring extracts
10. | Management flexibility and responsibility determination 2.9048 | .15916 | 1.03145 58.096 2.5833 3.2262 10
11. | Government intervention in the projects 2.4048 | .12779 | .82815 48.096 2.1467 2.6628 11
6- Social and environmental criteria:
1. Private sector participation activation 3.0952 | .15916 | 1.03145 61.904 2.7738 3.4167 3
2. Job security and achieve development implementing 3.7381 | .14076 | .91223 74.762 3.4538 4.0224 1
3. The impact of Wars and terrorism 3.1429 | .15828 | 1.02580 62.858 2.8232 3.4625 2
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4. Local support from the surrounding community to the project 2.9524 | .14836 | .96151 59.048 2.6528 3.2520 4
5. Existence of environmental policies 2.4048 | 12779 | .82815 48.096 2.1467 2.6628 5
- Technical criteria:
1. The use of local goods and services to insure local participation
as long as it is rival in (quality, service and time table for | 3.0952 | .15916 | 1.03145 61.904 2.7738 3.4167 5
delivering and price)
2. The applicable technology to infrastructure projects must be
aligned with national available input and with the current and | 4.0238 | .12972 | .84068 80.476 3.7618 4.2858 1
expected needs of the country.
3. The acquisition and transfer of technology from sponsors. 3.3333 | .15113 | .97946 66.666 3.0281 3.6386 4
4, 'Cr:rfd?[?gﬁ:on of the must appropriate technology to the local 29524 | 14836 | 96151 59048 2 6528 39520 6
5. The introduction of local contractor in request for quotation for
minor contracts(building national capacity secondary contracting | 2.5952 | .14483 | .93859 51.904 2.3028 2.8877 7
)
6. Training and the use of national elements trainees to transfer 39286 | 14616 | 94721 78.572 3.6334 42237 5
technology.
7. Cooperation betv_veen local companies and project companies to 3381 | 15223 | 98655 67.620 3.0735 3.6884 3
manufacture equipment.
- Support and government motives and guarantees criteria:
1. Providing incentive and tax guarantees. 3.4762 | .15706 | 1.01784 69.524 3.1590 3.7934 4
2. Currency exchange protection. 4.0238 | .12972 | .84068 80.476 3.7618 4.2858 1
3. Exemption from income tax for foreign project staff. 2.7857 | .14271 | .92488 55.714 2.4975 3.0739 17
4. The process of tax exemption (the tax exemption of real state). 3.0952 | .15916 | 1.03145 61.904 2.7738 3.4167 12
5. Land and Facilities for other logistic made by government. 3.7381 | .14076 | .91223 74.762 3.4538 4.0224 3
6. Franchise (privilege) of tax. 3.1429 | .15828 | 1.02580 62.858 2.8232 3.4625 10
7. Exemption from import duties on equipment, row materials and
the components of the establishment and operating maintenance | 3.1667 | .13162 | .85302 63.334 2.9008 3.4325 9
of the projects or divided.
8. Incentives and fines of achievement and performance 2.4048 | 12779 | .82815 48.096 2.1467 2.6628 19
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Q. Government guarantees and financial reservation 3.0714 | .16832 | 1.09082 61.428 2.7315 3.4114 13
10. | Reinforcement of petrol support. 3.2857 | .15723 | 1.01898 65.714 2.9682 3.6033 8
11. | Indirect guarantees for operating income and stand by loans 3.0000 | .16344 | 1.05922 60.000 2.6699 3.3301 14
12. | Corporation tax exemption to class commitment. 3.0952 | .15916 | 1.03145 61.904 2.7738 3.4167 11
13. | Commercial freedom Guarantees. 3.3810 | .17361 | 1.12515 67.620 3.0303 3.7316 7
14. | Rate interest compensation . 3.3333 | .15113 | .97946 66.666 3.0281 3.6386 6
15. | Reduction of incidents of unsecured force majeure 2.9524 | .14836 | .96151 59.048 2.6528 3.2520 15
16. | emphasis on non- rival projects 2.5952 | .14483 | .93859 51.904 2.3028 2.8877 18
17. ZSZZQOSt government Contributions coming from the exsisting 39286 | 14616 | 94721 78.572 3.6334 42237 5
18. Tr_]e government's commitment to the conclude of projects 29286 | 17837 | 1.15596 58.572 2 5683 3.2888 16
within a reasonable period of the government.
19. | Financial support Subsidy 3.4286 | .18079 | 1.17167 68.572 3.0635 3.7937 5
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ABSTRACT

The aim of this research is to study the effect of high concentrations of salts, pressure and
temperature on the performance of the RO membrane with time. Four different (Na,COs)
concentrations (5000, 15000, 25000 and 35000) ppm and various pressures such as (1, 3 and 5) bars
at different temperatures of the feed solution (i.e., 25, 35 and 45) ‘C were used in this work. It was
found that, as the concentration of salt and feed temperatures increase, the rejection of the salt
decrease. While the salt rejection of the membranes increases with increase of transmembrane
pressure.

Key words: reverse osmosis, membrane, permeation flux.
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1. INTRODUCTION

The scarce availability of clean water in certain areas has led to an increased need to fresh water
production via desalination of brackish and seawater or, e.g., treated wastewater. Membrane
technology has revolutionized the separation industry by providing a highly selective and low-cost
alternative to separation processes. Pressure-driven membrane separation processes (especially
reverse osmosis) are important and attractive technologies for desalination and wastewater
treatment, and this is because of the advantages of RO compared to the thermal desalination
techniques, Fritzmann, et al., 2007. Reverse osmosis membrane technology has developed over the
past 40 years to a 44% share in world desalting production capacity, and an 80% share in the total
number of desalination plants installed worldwide. Recently, the use of reverse osmosis (RO) as a
separation process is the leading technology for new desalination installation, and it is applied to a
variety of salt water resources, Lauren, et al., 2009. In the late 1950's the work of Reid showed that
cellulose acetate RO membranes were suitable for water desalination, Reid and Breton, 1959,
Ferguson, 1980; Lonsdale, 1982 and Applegate, 1984. In 1960's, Loeb and Sourirajan, 1962,
developed a method for fabricating asymmetric cellulose acetate membranes with high water
permeation fluxes and solute rejection ,Loeb and Sourirajan, 1962, Loeb, 1981 and Sourirajan
and Matsuura, 1985. The development of new membranes such as the thin-film, composite
membrane that can be used for a wide pH ranges, temperatures. In addition, RO membranes have
found uses in wastewater treatment, production of ultrapure water, water softening, and food
processing,... etc., Bhattacharyya et al., 1992.

Water treatment processes employ several types of membranes; these types are classified according
to pore diameter. The reverse 0smosis process is characterized by a membrane pore size in the range
of 0.0005 microns. Reverse osmosis membranes are effectively non-porous, and therefore exclude
particles and even many low molar mass species such as salt ions, organics, etc. Reverse osmosis
called as hyper filtration in the past, it is regarded as another pressure driven process. In this process
a solvent of the solution is transferred through a membrane and this lead to change in the
concentration of the solution. In such a way, the concentration of some solute with low molecular
weights (up to 500 Daltons) or other solvents is decreased, Sath, et al., 2012. Reverse osmosis (RO)
is a physical process that uses the osmosis phenomenon. Osmosis is a natural phenomenon in which
a solvent (usually water) passes through a semi permeable barrier from the side with lower solute
concentration to the higher solute concentration side. Water flow continues until chemical potential
equilibrium of the solvent is established. At equilibrium, the pressure difference between the two
sides of the membrane is equal to the osmotic pressure of the solution. To reverse the flow of water
(solvent), a pressure difference greater than the osmotic pressure difference is applied; as a result,
separation of water from the solution occurs as pure water flows from the high concentration side to
the low concentration side, Mousa, and Salem, 2010.

In the RO process, the pressure projecting on the primarily treated water raising to the limit that
suitable for the type of membranes and concentrations of total dissolved solids (TDS) in the water to
be treated. That mean the amount of pressure required directly relates to the TDS concentration of
the feed water. The RO process is effective for removing TDS concentrations of up to 45,000 mg/L,
so the RO technique can be used to desalinate both brackish water and seawater. Reverse osmosis
needs energy to operate the pumps that raise the hydraulic pressure of the feed water to the enough
limits to exceed the natural osmosis pressure and produce the required quantity of treated water. The
objective of this work was to investigate the separation of salt from different salinity water using the
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RO process. The effect of Na,COj; concentration of the feed stream, transmembrane pressure and
feed temperature on salt rejection and permeate flux were determined.

2. EXPERIMENTAL WORK

A laboratory reverse osmosis unit is used and shown in Fig.1. The feed solution is pumped from the
feed tank to the membrane module by using diaphragm pump. The Permeate solution was collected
in a glass beaker placed on a electronic balance. The Permeate was periodically returned to the feed
container to prevent change in the feed concentration. The operating conditions using RO membrane
process were commenced with the following ranges:

1. Solute concentration (5000, 15000, 25000 and 35000) ppm.

2. Temperature of Feed (25, 35 and 45) °C.

3. Operating Pressure (1, 3 and 5) bar.

2.1 Materials

1-The RO membrane used in this work was (Hidrotek RO membrane model TW30-1812-50, NSF
certified, technology USA). It is supplied from Hidrotek company.

2- Distilled water.

3- Na,CO3 as a solute.

3. RESULTS & DISCUSION

Different salinity water is treated by using reverse osmosis system. Performance of RO system is
examined by performing experiments under different operating conditions. The resulting salt
rejection and permeation flux are presented in Figs. 2 to 7 under various operating conditions. The
salt rejection can be found by the following equation:

R (%) = (C;— C,/ C) x 100 1)

Fig. 2 shows the effect of salt concentration in feed solution on salt rejection (R %). It can be
noticed that increasing of salt concentration from 5000 ppm to 35000 ppm results to decrease of salt
rejection from 88% to 65%. Moreover, using 15000 and 25000 ppm of salt concentration led to
small decrease in salt rejection as shown in Fig. 2. This is because when the salt concentration
increases in feed water, the salt passage through the membrane increase. The results obtained are in
agreement with Lingyung, and Shingjiang. Effect of feed solution temperature (i.e., 25, 35 and 45)
°C on the salt rejection is shown in Fig. 3. It can be seen that the salt rejection decrease with
increase of feed temperature from 25 to 45 °C. The reason of this effect is attributed to the decrease
of feed solution viscosity which is lead to decrease of fouling on the membrane surface.
Furthermore, effect of transmembrane pressure on the salt rejection is shown in Fig. 4. Increase of
transmembrane pressure from 1 to 5 bar results to increase of salt rejection from 82% to 94%. It is
worthy to mention here that there is a significant effect of transmembrane pressure on the salt
rejection. Because RO membranes are not completely retained dissolved salts in feed water, there is
always some salt passage through the membrane. Therefore when increasing feed water pressure,
this salt passage decrease as water is pushed through the membrane. So the permeate concentration
was diluted by the higher rate of water flow through the membrane, resulting in an increase in salt
rejection , Abou Rayan, and Khaled, 2002.
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Regarding the permeation flux of the RO membrane, Figs. 5 to 7 show the effect of feed solution
temperature, transmembrane pressure and salt concentration in feed solution on the RO membrane
permeation flux. It can be seen that the permeation flux of RO membrane increase with increase of
feed temperature as shown in Fig. 5, this is due primarily to the decrease in both viscosity and
density of water when increase the temperature of feed water, so the permeability coefficient of
water increase, as reported in the work of Al-Mutaz , and Al-Ghunaimi, 2001. Also, from Fig. 5, it
can be conclude that the best permeation flux was at 35 °C especially after 70 min from operation
and that for a given feed water temperature, the permeation flux decrease with progress in time. In
Fig. 6, it is expected to find that the transmembrane pressure has the highest effect on permeation
flux among the other operating parameters. The permeation flux of RO membrane increases with
increasing of transmembrane pressure. This behavior can be attributed to the fact that when increase
transmembrane pressure, apportion of the feed water is forced through the membrane to emerge as
purified product water (i.e. permeation flux is increased). This is because when increase
transmembrane pressure the net driving force is increased also, so the permeation flux is increased,
Lingyung, and Shingjiang. The effect of salt concentration in feed solution on permeation flux is
shown in Fig. 7. The permeation flux decreases with increasing of salt concentration. This is due to
increase the osmotic pressure difference across the membrane. The osmotic pressure is a function of
the type and concentration of salts or organics contained in feed water. Therefore if feed pressure
remains constant, under higher salt concentration results in higher osmotic pressure and this leads to
much higher driving force. The increasing in salt concentration in feed water also leads to surface
cake or fouling phenomenon on the membrane surface. A similar behavior has been reported by
Marwan, and Owee, 2006.

4. CONCLUSIONS

In this research, different salt solutions were treated by reverse osmosis system. The salt rejection
and permeation flux are studied under different operating conditions. The permeation flux
experiments are conducted by operating reverse osmosis system for 3 hrs. This study leads to the
following conclusions:

- The permeation flux is reduced with increasing time of operation at different conditions.

- The operating pressure has the stronger effect in the reverse osmosis system.

- The permeation flux and salt rejection are enhanced with increasing operating pressure, where the
salt rejection is reached to 94% at 5 bars.

- The rejection decrease when increasing feed temperature, while the permeation flux increase.

- Both salt rejection and permeation flux are decreased when increasing the salt (Na,COs)
concentration from 5000 to 35000 ppm in the feed solution.
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NOMENCLATURE

Cs = concentration of salt in the feed water, ppm.
C, = concentration of salt in the permeate water, ppm.

R = rejection of salt, dimensionless.
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Figure 1. A schematic diagram of RO experimental system.
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Figure 2. Effect of salt concentration on salt rejection (temp.: 25 °C; pressure: 1bar).
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Figure 3. Effect of temperature on salt rejection (conc.: 15000 ppm; pressure: 1bar).
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Figure 5. Effect of temperature on permeation flux (conc.: 15000 ppm; pressure: 1bar).
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Figure 6. Effect of transmembrane pressure on permeation flux (conc.: 15000 ppm; temp.: 25°C).
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Figure 7. Effect of salt concentration on permeation flux (temp.: 25°C ; pressure: 1bar).
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Table 1. Specification of RO membrane, Hidrotek RO Membrane.

Hidrotek RO membrane model

TW30-1812-50

Active area (ft” m* 3.5(0.32)

Max pressure 300 psi (21 bar)
Max feed flow rate 2 gpm

Max operating temp 45°C

Max SDI (inlet) 5

Free chlorine tolerance <0.1 ppm

pH range (continuous operation) 3~10

pH range (chemical cleaning) 2~11
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ABSTRACT

In this study, the Kkinetics for the reaction of tert-butanol esterification with acetic acid in
the presence of Dowex 50Wx8 catalyst was investigated. The reaction kinetic experiments were
conducted in 1000 milliliter vessel at temperatures ranged from 50 - 80 °C, catalyst loading 25-
50 g/L, and the molar ratios of acetic acid to tert-butanol from 1/3 — 3/1. The reaction rate was
found to increase with increasing temperature and catalyst loading. It was also found the
conversion of the tert-butanol increases as the molar ratio of acid to alcohol increases from 1/3 —
3/1. The Non-ideality of the liquid phase was taken into account by using activities instead of
molar fractions. The activity coefficients were calculated according to the group contribution
UNIFAC method. The results show that the activation energy of tert-butanol esterification with
acetic acid was found to be 1.09 kJ/mol.

Key words: esterification, reaction kinetic, tert-butanol, tert-butyl acetate, dowex 50wx8.
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1. INTRODUCTION:

Esterification is a chemically reversible reaction producing ester and water from two
reactants of acid and alcohol; it's an important reaction in the chemical engineering industry.
The desired product (ester) plays a major role in the production of flavors and fragrances,
solvents, plasticizers, pesticides and herbicides, medicinal and surface-active agents, Ali, et
al., 2007.

Butyl acetates are used primarily as solvents in the lacquer and enamel industries. It is
used in coatings, where its solvent capacity and its low relative volatility make it useful for
adjustment of evaporation rate and viscosity. It is particularly useful as a solvent or thinner for
acrylic polymers, vinyl resins, as reaction medium for adhesives, as solvent for leather
dressings, and a process solvent in various applications and in cosmetic formulations , Liu, et
al., 2005.

A general method is presented for the preparation of tert-butyl esters by the gentle
warming of the carboxylic acid in the presence of excess of tert-butyl acetoacetate and a
catalytic amount of acid. This method generates only low pressures, and is therefore suitable
for laboratory scale pressure glassware , Taber, et al., 2006.

There are two catalysts to accelerate the rate of esterification reaction, that is,
homogeneous and heterogeneous catalyst , Lilja, et al., 2002. Homogeneous catalysts provide
distinguished performance in terms of reaction rate, the benefit of those catalysts is
diminished since separation and recovery of catalyst are difficult due to the miscibility
between liquid acid catalyst and reaction medium, Ali, et al., 2007and Lilja, et al., 2002 . In
addition, the homogeneous acid catalysts cause the occurrence of side reactions, corrosion of
the equipment and the need to deal with acidic wastes, Liu and Tan, 2001.

Heterogeneous catalyst (ion-exchange resin) is a promising material for the replacement
of the homogeneous acid catalysts. The solid type of material has good physical and chemical
properties, and shows excellent performance as a heterogeneous catalyst in esterification
reaction. The mechanical separation by filtering is possible, the ion exchange resin is
reusable, guaranteeing the continuous operation, waste or disposal problems are eliminated,
and isolation of reaction intermediates is possible , Ali, et al., 2007 and Sanz, et al., 2002.
Moreover, catalysts in the solid type preclude corrosion as well as pollution, and show both
high selectivity and thermal stability, Gangadwala, et al., 2003.

The significance of external mass transfer limitation which is directly related to stirrer
speed in batch systems depends on several factors such as the viscosity of the system,
reactions conditions, in addition to the type and properties of catalyst used. The effect of
internal diffusion on the rate of the reaction catalyzed by a solid catalyst (ion-exchange resin)
is dependent on many parameters such as catalyst composition, particle size, reaction medium
and temperature , Ali, et al., 2007.

Several works on esterification with heterogeneous catalyst have been studied with
various reactants.

Nagasawa et al., 1994, used activated basic alumina for the esterification of tert-
butanol by acid chlorides or acid bromides. They got a good yield for tert-butyl ester; the
amount of catalyst relative to the reactants used by them was very large.

Altiokka and Citak 2003, studied the kinetics of esterification of acetic acid with
isobutanol with and without catalyst. They found the initial reaction rate decreases with
alcohol and water concentration as it linearly increases with that of acid.
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Niasari et al., 2005, studied the esterification of tert-butanol by acetic anhydride to tert-
butyl acetate over InCl3/Al,03, GaCls/Al, 03, FeCls/Al, 03, MnCl,/Al 03, CoCl,/Al,O3,
NiCl,/Al,03, CuCl,/Al,0O3 and ZnCl,/Al,O53 catalysts. They reported that the homogeneous
indium chloride, gave lower conversions than to the supported catalyst, and in the presence of
an acid catalyst, tert-butanol undergoes dehydration to iso-butylene even at room temperature.

Blagov et al. 2006, studied the Kinetics of side reactions of the formation of n butyl
acetate in the heterogeneous catalyst. They were reported that the reaction rate is practically
equal for their catalysts and the side reactions occur primarily on the active sites inside the
pores of catalysts.

Izci and Bodur 2007, observed that initial reaction rate increases with increasing of
reaction temperature and catalyst loading and Dowex 50 Wx2 ion exchange resin has very
high activity in the synthesis of isobutyl acetate.

Ali et al., 2007, studied the kinetics of the esterification reaction of propionic acid with
1-propanol over the ion-exchange resin Dowex 50Wx8-400. They were found that both
external and internal diffusion limitations did not affect the overall reaction rate, the
conversion of propionic acid increased with increasing temperature and catalyst loading and
decreased with increasing initial mole fraction of acid.

Korkmaz et al.,, 2009, used PDMS (Polydimethylsioxane) membrane with two
different catalysts for isobutyl acetate production. It was observed that increasing the catalyst
concentration and using the thinner membranes increase the conversion, and that while the
reaction occurs slowly in Dowex 50W-X8 catalyzed PVMR, the conversion obtained is
higher for longer reaction times than the one using H,SO,.

Bhorodwaj and Dutta, 2011, studied the esterification of acetic acid with primary (n-),
secondary (sec-) and tertiary (ter-) butanol catalyzed by supported heteropoly acids (HPAS),
they were reported that the conversions of different alcohols into the corresponding esters
decrease in the following order: n-butanol>sec-butanol>ter-butanol. The selectivities for the
corresponding esters are nearly 100%.

Tsai et al.,, .2011, studied the heterogeneous esterification of glutaric acid with
methanol over acidic cation exchange resin beads, Amberlyst 35, were investigated through a
packed-bed reactor. They were found that the equilibrium conversion of glutaric acid
increases slightly as the molar ratio of feed increases from 15 to 20. The same observation
was found with Tsai et al., for the esterification of acetic acid with methanol.

Akbay and Altiokka, 2011, found that Amberlyst-36 has slightly higher activities for
esterification of acetic acid with amyl alcohol.

Ju et al., 2011, studied the experimental parameters were reaction temperatures (100—
110 -C), molar ratios of reactants (butyric acid/n-butanol = 0.25-4) and catalyst loading (10—
40 g/L), they found that the conversion increased with temperature and catalyst loading
whereas it decreased as the molar ratio of reactants increased.

The present work was undertaken to find the reaction kinetic representing the
esterification of acetic acid with tert-butanol in the presence of Dowex 50Wx8. The effect of
the significance of both external and internal diffusion limitations on the esterification system,
reaction temperature, catalyst amendment with HCI, catalyst loading, and initial reactants
mole ratio on the reaction Kinetics were investigated. To take into consideration, the
nonideality of the liquid mixture, activities of the species in liquid phase, estimated by the
group contribution method UNIFAC, were used instead of molar fractions.
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2. EXPERIMENTAL WORK
2.1 Apparatus

Fig. 1 shows the schematic diagram of the experimental which was used to carry out the
esterification reaction. The reaction was carried out in a round-bottomed QVF flask with two
necks with capacity of 1000 ml. A reflux condenser was placed on the top of the reactor in
order to prevent the escape of volatile compounds. A thermocouple immersed in the flask and
was used to control the temperature within +0.1K by Digital temperature controller. The
mixture was mixed using a magnetic stirrer, with speed 1000 rpm.1 cm?® of liquid sample was
withdrawn from the reactor at regular intervals for analysis and immediately transferred to a
crucible in refrigerator at 5 °C to ensure that no further reaction took place.

2.2 Materials

Tert-butanol of 99% purity was manufactured by Riedel-de Haén Ag Seelze-Hannover
(Germany); acetic acid of 99% purity was manufactured by Rioel-de Haén chemicals
(Germany) were used as the reactants. Among various cation exchange resins, Dowex 50Wx8
with a particle size range of 0.04-0.07 mm was obtained from Fluka which is a strong acid
ion-exchange resin.

2.3 Procedure

In the experiments, the catalyst was prepared by treatment with (1N) HCI to increase
acidity. Each 100 gm of catalyst was stirred for 2 hrs with 500 ml HCI (1N).The chloride ions
were washed three times with distilled water to remove it. After that the catalyst was dried at
60 °C for 12 hours to remove the moisture. The dried catalyst was stored in a desiccator
before further use. Dowex 50Wx8 and tert-butanol were placed in the reactor. A known
weight of the catalyst was added at the same time the reactor contents well mixed. After a
steady value of the desired temperature was attained, the acetic acid at the same temperature
was added and this was taken as zero time for a run. 1 cm?® of liquid sample was withdrawn
from the reactor at regular intervals for analysis. The operating conditions of the present study
are given in Table 1.

Before any experiment the reactants were prepared in the vessel maintaining the
required molar ratio with overall volume of 800 ml.

3. GC ANALYSIS

At a certain time, 0.1ml of liquid product sample was extracted through a syringe filter
and analyzed with a gas chromatograph (GC type Shimadzu, Model 2014) equipped with a
flame ionization detector (FID) at temperature 180 °C, column (30 m length, 0.35 mm inner
diameter and 1.15 cm®min column flow), N, as carrier gas at 50 kpa, split ratio 50 at
temperature 150 °C, 61.8 cm®/min total flow,6 min total time, 24.5 cm/sec linear velocity and
temperature program 110 °C hold for 1 min, heat at 10 K/min to 130 C hold for 1 min.

4. KINETIC MODEL
4.1 Reaction Kinetics

The kinetic model for the esterification reaction was developed using the obtained
concentration over a temperature range of 50-80 °C a catalyst loading between 25-50 gm of
catalyst for feed (tert-butanol + acetic acid) and a tert-butanol/acetic acid mole ratio of 1:1,
1:3, and 3:1. The reaction kinetic model has the following form , Altiokka and Citak, 2003.
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CH3COOH + C4HyOH < CH3;COOC4Hg + H,0O

X; 1
J
r, =Mpy——= 5chath (aHAcaTBuOH - _aTBuAcaHZO) - (1)
dt K,

The initial reaction rates in the carried experiments are calculated by the following
expression:

. ACL . Axi

— 't _ _t .. (2
At T At (2)

—r
Experimental reaction rate data was fitted using a nonlinear regression method. Seven
data points were used to calculate the parameters.
The following steps are used to calculate parameters of reaction kinetics:
1) Determining the rate constant of the reaction by using Eqg. (1).
2) Depending on assumed forward and reversible reaction rate constant, simulation of the
Kinetic reactions is performed by using MATLAB R 2010b program.
3) The simulation results are compared with experimental results at each point. All
deviations between experimental and calculated values are squared and summed up to
form an objective function F:
4)

F = Z(exp.conc. —cal. conc.)? ..(3)

5) For each experimental data, the concentration-time data and seven new values for F is
calculated. The rate constants corresponding to the minimum F are stored and
considered improved rate constants for final or next iteration.

6) The iteration proceeds until the absolute difference between two successive objective
functions is less than a predefined tolerance . The final obtained values of Ks and K,
will be the optimal rate and equilibrium constants respectively.

The study of the effect of temperature is very important since it is useful to calculate
activation energy of the reaction. The observed reaction rate constants (k) data at different
temperatures were fitted to the Arrhenius-type equation Eg. (4) and the model parameters, k°
(frequency factor) and (EA) (activation energy), were determined using linear regression
technique , Altiokka and Citak, 2003.

K = KC%xp [—%] (@)

4.2 Estimation of Activity Coefficient

The determination of the activity coefficient can be done without the need for actual
data, by assembling the pure component from individual groups and assessing the
contributions of their interactions. One of these methods is the UNIFAC (universal functional
activity coefficient) model. UNIFAC was used to account for system non-ideality.

The expression for the activity coefficient is written as the sum of combinatorial and
residual terms:
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Iny; = Inyf + InyF er. (5)

Table 2 contains all UNIFAC model parameters that used in this study to calculate liquid
phase activity coefficient.

5. DIFFUSION

It is necessary to eliminate both external and internal diffusion limitations.

The effect of external diffusion limitation on the esterification reaction rate was studied
by earlier workers , Ali, et al., 2007 and Ju, et al., 2011.

If the production of the ester is independent of stirrer speed, this indicates that external
diffusion is not the rate controlling step. Thus, to ensure that the reaction rate is not influenced
by external diffusion; the experiments should be run at a high enough stirrer speed [1].

In general, external diffusion controls the overall rate in catalytic processes if the viscosity of
the reactant mixture is very high or the stirrer speed is very low , Othmer, 1994.

To consider the effect of external mass transfer resistance on the rate of reaction, the
Mears criterion for external diffusion was examined and the dimensionless Mears parameter
(Cwm) was calculated as follows:

T, R.n
Coy = % <0.15 e (6)
CY“Ab

To estimate the mass transfer coefficient (kc), the following equation was employed
,Geankoplis, 1993.

1
2D _2/ /A /3
ke ===+ 031Ny, /s (L;g) e (D)
2 c

Note that k¢ is dependent on the limiting reactant; as the limiting reactant is tert-butanol in all
the cases.

The diffusivity (Dag) was obtained from the multi-component diffusivity correlation, Perkin
and Geankoplis method, as shown below ,Perry and Green, 1997.

n

Dapup® = 2 ijAjH?'S e (8),
j=1
j#A

The Daj can be obtained from the Wilke—Chang correlation [19]:

Dy; =7.4%1078

(dMwt )1/2 T
‘u22 X V10'6] . (9)

If the value of left-hand side in Eq. 6 is lower than 0.15, the external mass diffusion can
be negligible in the kinetic study ,Fogler, 1999.

Table 3 shows that the calculated Mears parameters (Cy) are less than 0.15.

The effect of internal diffusion on the catalytic reaction can be studied by screening
catalyst into different particle sizes or by calculating certain dimensionless parameters such as
the well-known Weisz—Prater criterion.
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The occurrence of any internal pore diffusion limitation is determined on the basis of
the Weisz—Prater criterion, where the dimensionless Weisz—Prater parameter (Cwp) is
calculated as follows:

2
_ —Ta.0bsPcRE

Cwp = ... (10)
wp DeffCA
The effective diffusivity (Defr) can be expressed as:

If Cwp<k<1 there are no internal diffusion limitations and no concentration gradient
exists within the pellet, but if Cwp>>1 internal diffusion limits the reaction , Fogler, 1999. D
was calculated by applying finite difference approximation.

As listed in Table 3, the calculated Weisz—Prater parameters were less than 1, implying
that the resistance to internal pore diffusion is sufficiently small and the internal diffusion can
be negligible in the kinetic study.

6. RESULTS AND DISCUSSION
6.1 Effect of External and Internal Diffusions:

To study the kinetics of the esterification reaction, the effect of external and internal
diffusion limitations should be eliminated.

It was found that values of the external diffusion and internal diffusion parameters are
significantly less than 0.15 for external (Cy<0.15) and one for internal (Cwp>>1). These
results indicate that external and internal diffusion does not limit the reaction of acetic acid
with tert-butanol over Dowex 50Wx8-400 for the reaction conditions implemented in this
study. This is in agreement with the results obtained by Ju, et al., 2011.

The external diffusion limitation is negligible at stirrer speed of > 200 rpm [1].
Therefore, a stirrer speed of 1000 rpm was maintained during all experiments to ensure that
the measured reaction rate was free from external diffusion effects.

6.2 Effect of Temperature

In esterification reaction, the investigation on the effect of temperature is very important
because this information is useful in calculating the activation energy. It was realized at
different temperatures of 333, 348 and 358K under the constant reaction conditions: 1:1 mole
ratio and the catalyst weight at 50 g. Results are given in Fig. 2. The reaction rate strongly
depends on temperature. It can be seen that the reaction rate increases substantially with the
increasing temperature. Moreover, the equilibrium conversion was nearly equal in the
temperature range studied in this work. It shows that the higher temperature yields the greater
conversion of t-butanol at a fixed contact time. This is in agreement with the results obtained
by Akbay and Altiokka 2011 and Ju, et al., 2011.

6.3 Effect of catalyst amendment with HCI

In Fig. 3 tert-butanol conversion was plotted by using Dowex-50 catalysts prepared
with HCI while the other was Dowex-50 without amendment. From the Fig., it can be
concluded that this amendment with HCI catalyst has little effect on increasing the reaction
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rate and the reason for this is due to the activity of the resin catalyst used and a strong
amendment with HCI has no significant effect on the increasing acidity of the catalyst. This is
in agreement with the results obtained by Bhorodwaj and Dutta, 2011.

6.4 Effect of Catalyst Loading

The effect of catalyst loading on the conversion of tert-butanol and the initial reaction
rates is represented in Fig. 4. Catalyst loading was varied from 25 g to 50 g at a temperature
of 65 C, feed mole ratio of 1:1, and stirrer speed of 1000 rpm. It can be seen from Fig. 4 that
as the catalyst concentration increases, the reaction rate, conversion of acetic acid increases
and thus the reaction time decreases. But the catalyst loading does not have any effect on the
equilibrium conversion. This is in agreement with the results obtained by Bhorodwaj and
Dutta 2007.

6.5 Effect of Initial Reactants Mole Ratio

The effect of acid to alcohol molar ratio was investigated by varying the acid to alcohol
molar ratio (ranging from 1:3 to 3:1). As shown in Fig. 5, changing the molar ratio from 1:3
to 1:1 increases the conversion of the tert-butanol, and shows that the increasing of the molar
ratio from 1:1 to 3:1 increases the conversion of the tert-butanol. Fig. 5 shows that acid to
alcohol molar ratio of 3:1 gives a higher conversion of the alcohol than 1:3. Moreover, a more
significant increase in conversion was obtained at a ratio of 3:1 rather than 1:3. This is in
agreement with the results obtained by Ju, et al., 2011.

7. REACTION KINETICS

Experimental reaction rate are fitted using a nonlinear regression method. Different
values of the forward reaction rate constants K and equilibrium constant K, are constructed
and by applying Genetic Algorithm optimization method to predict the better constants that
represent the minimum least square error between the experimental and predicted results.

Ky = KPexp(—E;/RT) v (12)
Ky = 20.7654exp(3.68 x 10*/RT)
K, = K2exp(—E,/RT) . (13)
K, = 1.5815exp(—1.09 x 103 /RT)

The activation energy of the esterification reaction is found to be (1.09 kJ/mol).

Figs. 6, 7, and 8 show that the model predictions for different operating conditions are
compared with experimental data at temperatures 50 C, 65 C, and 80 C respectively.
Depending on different initial condition and with the aid of 4™ order (Rung-Kutta) integration
method, the mathematical model was used to predict tert-butanol conversion respect with time
can be predicted from Eqg. 1. From these Figs., it was concluded that the predicted Kinetic
model Correspond to a large degree with the experimental kinetics.

The lower line which is start from zero represents the experimental and model result for
H,O and tert-butel acetate concentration while the upper line is start from (0.5) mole fraction
represent concentration of acetic acid and tert-butanol.
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8. CONCLUSIONS

The reaction kinetic data have been determined experimentally for the esterification of

acetic acid with tert-butanol over acidic ion exchange catalyst beads, Dowex 50Wx8, at
temperatures from 50 C to 80 C, catalyst loading (25-50 gm), and the molar ratios of acetic
acid to tert-butanol in the feed stream from 1 t03.The reaction rate was found to increase with
increasing temperature, catalyst loading, and the conversion of the tert-butanol as the molar
ratio of acid to alcohol increases from 1/3 — 3/1. Absence of resistance to external and internal
diffusion was verified with theoretical criteria, the Mears (Cy<0.15) and Weisz—Prater
(Cwp«1). The activation energy for the esterification reaction was estimated to be 1.09
kJ/mol. UNIFAC was used successfully to account for the non-ideal thermodynamic behavior
of the reactants and the products.
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NOMENCLATURE

a
Ca
Cab
Ci
Cii
Cm
Cwp
Das
Daj

activity of component i

reactant concentration (mol/cm®)

bulk concentration (mol/cm?®)

concentration of component i (mol/cm?)

bulk concentration of the limiting reactant (mol/cm?®)
mears parameter

weisz—Prater parameter

diffusivity of solute A (cm?/s)

dilute binary diffusion coefficient of solute A in j (cm?/s)
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dilute diffusion coefficient of solute A through the mixture (cm?/s)
effective diffusivity (cm?/s)
diffusivity of limiting reactant in the mixture (cm?%s)
diameter of the catalyst particle (cm)
activation energy (J/mol)
gravitational acceleration (cm/s?)
acetic acid
identifies species
dummy index running over all species
identifies subgroups
equilibrium constant (-)
preexponential factor for K,(-)
mass transfer coefficient (cm/s)
forward reaction rate constant (mol/gm cat. hr)
preexponential factor for K¢(mol/gm cat.hr)
dummy index running over all subgroups
molecular Wight (g/mal)
molar holdup (mol) in equation (1)
mass of the catalyst, gm.
reaction order
schmidt number
rate of reaction (mol/hr.gm catalyst)
observed reaction rate (mol/gcat s)
catalyst particle radius (cm)
relative molecular volume
relative volume
reaction time (s)
temperature (C)

TBUAC tert-Butyl acetate
TBuUOH tert-Butanol

\Y
w

molar volume
water
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Heater

Stirrer

1. Heater & Magnetic stirrer 2. Reaction Vessel
3. QVF flask L Paraffin Oil
5. Heater 6. Digital Temperature Control
7. Mixing 8. Thermocouple
9. Absorbent 10. Condenser
11 Water Inlet to Condenser 12. ‘Water Qutlet from Condenser
Figure. 1 Schematic diagram of the experimental apparatus.
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Figure. 2 Effect of temperature on t-butanol conversion (catalyst Dowex 50
modified with HCL, wt:50gm ,ACH:TBuOH=1:1).
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Figure. 3 Effect of catalyst modification on t-butanol conversion (catalyst
dowex50 , wt:50gm,T=65 C ,HAc: TBuOH=1:1).
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Figure. 4 Effect of catalyst weight on t-butanol conversion (catalyst Dowex
50 modified with HCL, T=65 C, HAc:TBuOH=1:1).
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Figure. 5 Effect of feed mole ratio on t-butanol conversion (catalyst Dowex
50 modified with HCL, wt:50gm).
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Figure. 6 Comparison between experimental data and rate equation results
(catalyst Dowex 50 prepared with HCI, wt:50 gm, HAc: TBuOH=1:1, T=80
C), solid line represents rate equation results.
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Figure. 7 Comparison between experimental data and rate equation
results (catalyst Dowex 50 prepared with HCI, wt:50 gm,
HAc: TBuOH=1:1, T=65 C), solid line represents rate equation results.
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Figure. 8 Comparison between experimental data and rate equation results
(catalyst Dowex 50 prepared with HCI, wt:50 gm, HAc: TBuOH=1:1, T=50
C), solid line represents rate equation results.
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Tablel. Reaction conditions.
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RUN Temperature (C) HAF({:?_'E_i(éSgH Catali/;;ic;ading amendlilné?t with
1 80 1:1 50 Yes
2 65 1:1 50 Yes
3 50 1:1 50 Yes
4 65 1:1 50 No
5 65 1:1 25 Yes
6 65 1:1 375 Yes
7 65 1:3 50 Yes
8 65 3:1 50 Yes

Table 2. The values of the various parameters for the UNIFAC model equations.

Component r q
Acetic acid 3.9243 3.668
tert-Butanol 2.6724 2.688
tert-Butyl acetate 5.3700 4.848
Water 0.92 1.
81,1:0 8.1,220 8.1,15:255.7
81,17:255.7 81,19:597 8.1,20:597
82,1:0 8.2,220 8.2,15:255.7
8.2,17:255.7 3.2119:597 3.2,20:597
815,1:65.33 81512:65.33 a15,15:0
8.15,17:0 315,19:481.7 315’2():481.7
8.17,1:65.33 3.17,2:65.33 317’15:0
817,17=O a17,19=481.7 a17,20=481.7
a19,1:24.82 3.19,2:24.82 a19,15:0
a19,17=0 a19,10=0 a19,20=0
820’1:24.82 a20,2=24.82 a20,15=0
a20,17=0 a20,10=0 a20,20=0
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Mears Weisz-prater
RuUn C"n%tn?’o rA-O:’rS]i?]t 30 parameter parameter
K D
(mol/ecm?®) | (mol/geat.sec) (cm /gec) Cwm (cmzjfsfec) Cwp
1 0.00386 6.85x10° | 3.50x107 | 3.90x10° | 3.87x10° | 1.93x10*
2 0.00466 3.39x10° | 2.65x107 | 2.90x10* | 2.83x10° | 1.10x10°
3 0.00521 3.03x10° | 2.00x10° | 2.22x10* | 2.05x10° | 1.20x10
4 0.00494 453x10° | 2.65x10% | 2.65x10° | 2.83x10° | 1.40x10%
5 0.00523 5.66x10° | 2.65x107 | 3.12x10* | 2.83x10° | 1.60x10°
6 0.00503 4.89x10° | 2.65x10”° | 2.80x10* | 2.83x10° | 1.45x10
7 0.00846 6.39x10° | 2.50x10° | 2.31x10* | 2.56x10° | 1.24x10°
8 0.00171 1.69x10° | 2.43x10° | 3.11x10* | 3.26x10° | 1.27x107°
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ABSTRACT

An experimental study was conducted with low cost natural waste adsorbent materials, barley
husks and eggshells, for the removal of Levofloxacine (LEVX) antibacterial from synthetic waste
water. Batch sorption tests were conducted to study their isothermal adsorption capacity and
compared with conventional activated carbon which were, activated carbon > barley husks >
eggshells with removal efficiencies 74, 71 and 42 % with adsorbents doses of 5, 5 and 50 g/L of
activated carbon, barley husks, and eggshells respectively. The equilibrium sorption isotherms had
been analyzed by Langmuir, Freundlich, and Sips models, and their parameters were evaluated. The
experimental data were correlated well with the Langmuir model which gives the best fit for LEVX
adsorption / biosorption on to activated carbon, barley husks, and eggshells respectively.

The adsorption capacity was almost dependent on temperature. The thermodynamic parameters
associated with the adsorption process, AG®, AH® and AS® were reported and it is suggested to be
physisorption, and of exothermic nature.

Keywords: adsorption, biosorption, levofloxacine, activated carbon barley husks, eggshells
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1. INTRODUCTION

The occurrence of pharmaceutical products in the aquatic environment has become crucial topic in
the last few years. The investigation efforts focused in an initial phase mainly on the environmental
risk assessment and extensive data have been gathered to document the contamination of the aquatic
environment by these pollutants, Nikolaou, et al., 2007; Farre, et al., 2008 and Kimmerer, 2009a.
The studies point out the continuous introduction to sewage waters of these compounds along with
their metabolites and the inefficiency of many conventional wastewater treatment plants (WWTPSs)
in their removal, Jones, et al., 2005; Batt, et al., 2006 and Kimmerer, 2009a. Antibiotics are
among the most commonly detected pharmaceutical compounds in the aquatic environmental.
Several classes of antibiotics have been detected in different environmental waters such as
groundwater, surface, and in a few cases even in drinking water, Batt, et al., 2006 and Farré, et al.,
2008. Some of the major concerns about the presence of these drugs in the environment include
possible ecotoxicological effects to non-target organisms human pharmaceuticals pollute aquatic
environments and there is considerable scientific uncertainty about the effects that this may have on
aquatic organisms. Human drug target proteins can be highly conserved in non-target species,
Farré, et al., 2008; Kimmerer, 2009a and Santos, et al., 2010. Ecotoxicological assessment of
pharmaceuticals has been based on acute toxicity experiments performed by standard tests according
to existing guidelines (i.e. OECD) using laboratory organisms belonging to different trophic levels
such as algae, zooplankton, other invertebrates and fish. There is very little information about the
chronic toxicity, or the bioaccumulation potential of pharmaceuticals in biota and food chains. An
exception represents diclofenac, which is accumulated in prey of vultures, Oaks, et al., 2004, and
the development of antibiotic-resistant bacteria, Baquero, et al., 2008, and Kiimmerer, 2009b.

Due to the high public and health concern about the presence of these compounds in the

environment and there cognizance of the WWTPs as the major source of pharmaceutical
contamination, a number of conventional and innovative treatment methods, such as activated
carbon, oxidation via chlorination, zonation, Fenton and photo-Fenton, biological process (activated
sludge treatment), and membrane bioreactor and filtration, have been evaluated, Homem, and
Santos, 2011. Each option of treatment has its own limitation and benefit in removing trace
contaminants.
Adsorption is a well-established technique to remove pollutants, and it has been considered superior
to other techniques in terms of initial cost, flexibility and simplicity of design, ease of operation, and
insensitivity to toxic pollutants, Crini, 2006. One of the main advantages of the adsorption
processes is that no byproducts are generated, Homem, and Santos, 2011.

Although activated carbon is probably one of the most effective methods for the removal of
organic pollutants from water, its comparably high cost typically prohibits the treatment of large
amounts of wastewaters; hence, alternative sorbent materials have been proposed that rely on low
cost and readily available natural material, Crini, 2006, Ngah, and Hanafiah, 2008, Gupta, and
Suhas, 2009 and Gupta, et al., 2009. Several waste materials from industry or agriculture have
been studied as non-conventional sorbents for inorganic, Gupta, and Rastogi, 2008a; Freitas, et
al., 2008 and Gupta, et al., 2010. As well as organic substances, Crini, 2006; and Gupta, and Ali,
2008. Most frequently, these materials are chemically modified to increase their sorption capacities
or to remove nonstructural constituents such as tannins, terpenes, or phenolic compounds, Crini,
2006.
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LEVAQUIN® is a synthetic broad-spectrum antibacterial agent for oral and intravenous
administration. Chemically, levofloxacin, a chiral fluorinated carboxyquinolone, is the pure (-) (S)-
enantiomer of the racemic drug substance ofloxacin. The chemical name is (-)-(S)-9-fluoro2,3-
dihydro-3-methyl-10-(4-methyl-1-piperazinyl)-7-oxo-7H-pyrido[1,2,3-de]-nzoxazine-6-carboxylic
acid hemihydrate. The chemical formula is CigH20FN3O4 ¢ 2 H,O and the molecular weight is
370.38 as in Fig. 1, RxList, 2013.

Levofloxacin is a light yellowish-white to yellow-white crystal or crystalline powder. The
molecule exists as a zwitterion at the pH conditions in the small intestine. The data demonstrate that
from pH 0.6 to 5.8, the solubility of levofloxacin is essentially constant (approximately100 mg/mL).
Levofloxacin is considered soluble to freely soluble in this pH range, as defined by
USP nomenclature. Above pH 5.8, the solubility increases rapidly to its maximum at pH 6.7 (272
mg/mL) and is considered freely soluble in this range. Above pH 6.7, the solubility decreases and
reaches a minimum value (about 50 mg/mL) at a pH of approximately 6.9. Levofloxacin has the
potential to form stable coordination compounds with many metal ions. This in vitro chelation
potential has the following formation order: Al**>Cu**>Zn**>Mg**>Ca*?, RxList, 2013. Binding
and chelation of the Levofloxacin and metal ions will result in decreased adsorption of
bioavalability of Levofloxacin and potential increase the risk for treatment failure of the infection.
Although they can be beneficial in cases of heavy metal poisoning, chelating agents can also be
dangerous. Use of disodium Ethylenediaminetetraacetic acid (EDTA) instead of calcium EDTA has
resulted in fatalities due to hypocalcemia, RxList, 2013.

The aim of this study is to compare and analyze the adsorptive behavior and the potential
application of some adsorbents such as: activated carbon, and raw natural waste materials like barley
husks and eggshells for the uptake of Levofloxacin Hemihydrate from aqueous solutions. The effect
of the following parameters on adsorption process will be evaluated: Concentration of the drug used,
amount of adsorbent used, contact time between adsorbent and drug (equilibrium time), particle size
of adsorbent, pH value of the drug's solution, and temperature.

2. THEORY
2.1 Adsorption Mechanism, Isotherms, and Kinetics

Adsorption isotherms or known as equilibrium data are the fundamental concept in adsorption
science that is the correct explanation of experimental adsorption in mathematical equations or
functions.

Isotherm’s parameters (Qe, Ce, Kt, N5, m, b, K, as, and s) express the surface properties and affinity
of the adsorbent at known temperature and pH. The most frequently isotherms used in describing the
non-linear equilibrium are: Langmuir isotherm model assumes that the adsorption is limited to a
monolayer, Freundlich isotherm model assumes that the adsorption is a multilayer, originally
empirical in nature, but later was interpreted as the sorption to heterogeneous surfaces or surfaces
supporting sites with various affinities, and Sips isotherm model represent combination of Langmuir
and Freundlich isotherm models.

Adsorbents must have high abrasion resistance, high thermal stability and small pore diameters,
those results in higher exposed surface area and hence high surface capacity for adsorption. The
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adsorbents must also have a distinct pore structure, which enables fast transport of the pollutants,
Gupta, and Rastogi, 2008a.

The study of sorption kinetics of pharmaceutical products removal from wastewater is significant
as it provides valuable insights into the reaction pathways and into the mechanism of sorption
reactions. It describes the solute uptake rate which in turn controls the residence time of sorbate
uptake at the solid—solution interface, Gupta, et al., 20009.

2. 1.1 External mass transfer coefficient (k)

The external mass transfer coefficient ksin meters per second, in a batch adsorber was determined
from the concentration decay curves at optimum speed and the initial rate data, using Eq. (1),
Ziagova, et al., 2007.

ky = =Sty (&) 0< Ct/C0 <1 )

3Wat CO

2.1. 2 Pseudo-first-order kinetic model

The Lagergren rate equation was the first rate equation for the sorption of liquid/solid system based
on solid capacity and this model represents physical adsorption for pollutants onto
sorbent/biosorbent surface Eq. (2), Sulaymon, et al., 2013 and Gupta, and Rastogi, 2008b:

e = qe(1 — exp(—k;t)) ()

2. 3 Pseudo-second-order kinetic model

If the sorption rate of system is a Pseudo-second-order mechanism, the rate-limiting step may be
chemisorption involving valence forces through sharing or the exchange of electrons between
sorbent and sorbate as covalent forces Eq. (3), Gupta, and Rastogi, 2008b; and Holan, and
Volesky, 1995:

L=( 1

qe k2q2

t

+20) 3
The initial sorption rate is h = k,q2 , and K, Pseudo second-order coefficient.
2.2 Sorption Thermodynamics

Based on fundamental thermodynamic concepts, it is assumed that in an isolated system, energy
cannot be gained or lost and the entropy change is the only driving force. The apparent equilibrium
constant for the process has been shown to be as shown in Eq. (4), Gupta, and Rastogi, 2008b:
AG® = —RT Innt(K,) (4)

Also, enthalpy changes (AH) and entropy changes (AS) can be estimated by Eqg. (5):

AG® = AH® — AS°T (5)
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The negative values of AH® reveal the adsorption is exothermic and physical in nature. Generally,
the change in adsorption enthalpy for physisorption is in the range of —20 to 40 kJ mol™*, but
chemisorptions are between —400 and —80 kJ mol ™, Tuzun, et al., 2005.

3. EXPERIMENTAL PROCEDURE AND METHOD
3.1 Levofloxacin Hemihydrate (LEVX) Adsorbate

Levofloxacin Hemihydrate (LEVX) 500 mg tablets were obtained from the commercial Iraqi
market. For this study LEVAQUIN®500mg tablets are available as film-coated tablets and contain
the following inactive ingredients: 500 mg (as expressed in the anhydrous form) crospovidone,
hypromellose, magnesium stearate, microcrystalline cellulose, polyethylene glycol, polysorbate 80,
synthetic red and yellow iron oxides and titanium dioxide, RxList, 2013.

Fresh stock solutions of 500 mg/L LEVX were prepared daily by dissolving one tablet of LEVX
in 1000 mL distilled water, 0.1M HCI was added to the solution to control the pH to 7,and then
vigorously shacked on a mechanical gyratory shaker (HV-2 ORBTAL, Germany), 200 rpm for 1h.
Absorbance was measured at 280 nm by (T80 Spectrophotometer /VIS spectrometer PG Instrument
Ltd.) against blank at 30 #3°C. The stock solution was protected from light exposure by aluminum
foil and kept at room temperature, Sarkozy, 2001. Stock solutions showed stability at room
temperature with time.

Activated carbon, barley husks, and eggshells were used as adsorbents. Their characteristics were
examined at the (Ministry of Qil, Petroleum Development and Research Center, Baghdad, Iraq) as
shown in Tablel and according to APHA, 1995.

3.2 Determination of the Optimum Contact Time and pH

The optimum contact time was found by measuring the time to reach equilibrium conditions
when the uptake g. was constant with time for the three adsorbents. 0.5 g of activated carbon, and
barley husk, while 5 g of eggshells were mixed with 100 mL of LEVX solution concentration of 150
mg/L, 200 rpm, normal pH, and 30 °C. The optimum time was used for the next experiments.

The effect of pH on sorption LEVX onto activated carbon, barley husk and eggshells were studied;
0.5 g of activated carbon, and barley husk, while 5 g of eggshells were mixed with 100 mL of
LEVX solution concentration of 150 mg/L. These were maintained at different pH values ranging
from 4 to 9 by using 0.1 M HCI or NaOH solution, the flasks were placed on the shaker at an
agitation speed of 200 rpm for a period of 3 h (as found experimentally in Fig.2 and at temperature
of 30°C. Samples of 10 mL were taken from each volumetric flask and measured by the
Spectrophotometer.

3.3 Isotherms

Different sorbate concentrations (25, 50, 75,100,125, and 150 mg/L) of 100 ml LEVX solution
were used. 0.5 g of activated carbon, and barley husk, while 5 g of eggshells using (electronic
balance Sartorius BL 210S) were placed separately in 250 mL volumetric flasks because of its low
uptake of LEVX, respectively. pH of the solutions were adjusted to the desired value pH=7 using
0.1 M NaOH or 0.1 M HCI. The flasks were then placed on the shaker, and agitated continuously for
3 h at 200 rpm and 30°C. The samples were filtered by no. 42 Whatman filter paper. The final
equilibrium concentrations of LEVX were measured by the Spectrophotometer, the adsorbed
amount is then calculated by Eq. (6), Gupta, et al., 2010.
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_ Vi(Co=Ce) (6)

e W,

3.4. Kinetics and Thermodynamics

Reaction pathways were found using 2 L pyrex beaker fitted with a variable speed mixer. The
beaker was filled with 1 L of 150 mg/L concentration of LEVX and the agitation was started before
adding the Activated carbon, barley husk, or eggshells as adsorbents separately. At time zero, the
accurate weight of sorbent was added and the samples were taken at specified time intervals. The
necessary dosage of sorbents, to reach equilibrium related concentration of C¢/C, equals to 0.05,
were calculated from better isotherm model and mass balance Eq. (6). For accurate estimation of ks,
samples were taken after 3, 6, 9, and 12 min and analyzed.

The principle parameter required for solving the batch model is the external mass transfer
coefficient (kf) which was obtained using the concentration decay curve obtained from experimental
data at optimum agitation speed and Eq.(1).

The effect of temperature on LEVX sorption onto each of activated carbon, barley husk and
eggshells were determined using 0.5 g of activated carbon, barley husks, and 5 g of eggshells
respectively, mixed with 100mL of 150 mg/L of LEVX solution. These were maintained at different
temperatures ranging from 20 to 50 °C for a period of 3 h, and agitation speed was 200 rpm.
Samples of 10 mL were taken from each volumetric flask and the absorbency was measured by the
Spectrophotometer.

4. RESULTS AND DISCUSSION
4.1 Effect of Contact Time and pH

Barley husks show a constant uptake rate (50 min),while activated carbon uptake (about 110 min)
for the same adsorbent dose, but eggshells show lower uptake (40 min) in spite of increasing the
biomass dose (about 10 times more than activated carbon and barley husks), considering same
operating experimental conditions as shown in Fig. 2. These are due to that the eggshells that have
been measured by the Spectrophotometer; there was a high percentage of LEVX concentration in
the raw material due to the use of the antibiotic in vaccines for the chickens.

The pH of the LEVX solution usually plays an important role in the sorption of LEVX, RxList,
2013. Fig. 3, shows that the sorption capacities were enhanced significantly from 3.8 to 5.2 mg/g for
activated carbon, from 2.1 to 3.7 mg/g for barley husk, and from 1.1 to 1.5 mg/g for eggshells,
respectively, when pH value was raised from 4 to 7. The s effect of pH influences on adsorption of
LEVX onto biomass adsorption capacities were increased with attractive interaction at pH 7 and
decreased with repulsive interaction at pH 9. It could be indicated that combination of electrostatic
interaction and hydrophobic force might effect on adsorption capacity of the biomass and activated
carbon, same results were obtained by, Hattab, 2010, at pH of 7 the sorption capacity of LEVX
onto charcoal was 5.5 mg/g.
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4.2 Adsorption/Biosorption Isotherms

At equilibrium point adsorption/biosorption isotherms reflected the molecular distribution between
the liquid and solid phases. At that point, adsorption quantity g of LEVX onto activated carbon,
barely husks, and eggshells, at initial concentrations, 25 to 150 mg/ L for LEVX, are shown in Table
(2). The amounts of adsorbed/ biosorbed LEVEX increased with the increasing of the concentration
of LEVX in the equilibrium solution, Hattab, 2010.

The analysis of experimental results of equilibrium adsorption isotherms is important in developing
accurate data that could be used for adsorption design purpose. The adsorption isotherm curves for
adsorption of LEVX onto activated carbon, barley husks, and eggshells, were obtained by plotting
the equilibrium concentration C. of the LEVX solute with the experimental uptake (ge) as shown in
Fig. 4.

The adsorption/biosorption capacity (ge) and LEVX removal rate were related to the amount of
sorbent/ biosorbent added Fig. 5; the greater adsorption/ biosorption capacity was obtained at lower
sorbent/ biosorbent dose, these results agreed with, Gupta, and Ali, 2008 and Ziagova, et al., 2007.
The higher removal rate was achieved at higher sorbent / biosorbent dose. The Langmuir model
gives the best fit for the experimental data for LEVX adsorption / biosorption on to activated
carbon, barley husks, and eggshells respectively, compared with Freundlich, and Sips models
recognized by the highest values of (R?). These models have been used successfully to describe
equilibrium sorption/biosorption, with results agreed with, Hattab, 2010. Results were compared
for the three adsorbants in term of adsorption/biosorption capacities: Activated carbon > Barley
husks > Eggshells. This is due to increase the saturation of adsorbent surface with increase in initial
LEVX concentrations. The activated carbon has greater surface area for adsorption.

4.3 Adsorption / Biosorption Kinetics

The amount of activated carbon, barley husks, and eggshells, used for the adsorption of LEVX
were calculated for final equilibrium related concentration of C/Cy = 0.05, the Langmuir model
constants were used with the mass balance in 1 L of solution. The initial concentration was 150
mg/L with doses 20.745, 30.722, and 720 g of activated carbon, barley husks, and eggshells
respectively as shown in Figs. 6-8. The average calculated values of ki for each adsorbent were
found to be 4.7x10°, 1.3x10° and 1.33x10” m/s for activated carbon, barely husks, and eggshells
respectively. These indicate that the rate of surface mass transfer of barely husks is higher than the
other adsorbents. In other words, LEVX is absorbed by barely husks at higher rate than others.
Pseudo-first-order and Pseudo-second-order. Table 3 show the Pseudo second-order model for
LVEX, the correlation coefficient values for the linear plots being higher than 0.98 as shown in
Figs. 9-10.

4.4 Adsorption / Biosorption Thermodynamic

Table 4 shows the thermodynamic constants of adsorption / biosorption for LEVEX onto activated
carbon, barley husks, and eggshells respectively. The value of enthalpy AHe was 7.478, 26.3 and
20.91 kJ/mole for activated carbon, barley husks, and eggshells respectively, suggested the
physisorption and exothermic nature of adsorption Fig. 11. This is also supported by the decrease in
the values of uptake capacity of adsorbent / biosorbents with the rise in temperature, Sulaymon, et
al., 2013. The values of entropy ASe were —0.0327, -0.095 and -0.0735 J/mole K, reflect the affinity
of LEVX to be adsorbed onto activated carbon, barley husks, and eggshells respectively.
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The increase in the value of the free energy AGe with the increase in temperature indicates that
the adsorption / biosorption process is exothermic and it is thereby favored with decrease in
temperature, thus, the process is better carried out at low temperature, Sulaymon, and Ahmed,
2008.

5. CONCLUSIONS

The equilibrium isotherm for single component is of a favorable type and Langmuir isotherm
gives the best fit model for the experimental data , and adsorption capacity parameters for LEVX
onto activated carbon > barley husks > eggshells. Optimum pH was 7. Van der Wall’s
electrophoresis force play the major role in adsorption / biosorption of LEVX. There was a good
matching between experimental and predicted data in batch experiments using second order kinetic
model for all sorbent / biosorbents, sorption / biosorption of LEVX were exothermic and physical in
nature.
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NOMENCLATURE

as sips constant, dimensionless

b langmuir adsorption constant related to the affinity to binding sites, 1/mg

Cad adsorbed on adsorbents surface concentration, mg/I

Ce equilibrium concentration of LEVX, mg/|

Co initial LEVX concentration, mg/I

Cs saturation concentration of the adsorbed component, mg/I

Cq concentration of LEVX at time t, mg/I

K1 pseudo-first order coefficient, s*

K second order kinetics, | mol™ s™

Ke Cad/Ce constant used in Eq. (4), dimensionless

Ks fluid to particle mass transfer coefficient, m/s

Kk freundlich adsorption constant, related to adsorption intensity, (mg/g)(mg/1)*™
Ks sips constant, dimensionless

Ng freundlich adsorption constant, related to the affinity to binding sites, dimensionless
e amount of adsorbate adsorbed per mass of adsorbent of component, mg/g

Qeq adsorbed LEVX quantity per gram of activated carbon, barley husk and eggshells at
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equilibrium, mg/g

Qm langmuir adsorption constant of the pollutants shows the maximum amount of pollutants
bound to the activated carbon, barley husk and eggshells, mg/g

qt uptake amount at time t, mg/g

R universal gas constant (=8.314), kj/mol.k

Rp radius of adsorbent/ biosorbent particles, m

T absolute temperature, k

t time, s

Vi volume of solution, |

W, weight of adsorbent/ biosorbent (activated carbon, barley husk, and eggshells), g
AG°  standard Gibbs free energy change, kj mol™

AH°®  change in enthalpy (heat of adsorption/sorption), kj mol™

AS° change in entropy, kj mol™

Bs Sips constant, dimensionless

Pp bulk density of adsorbent/ biosorbent, kg/m®

Table 1. Physical characteristics of the adsorbents (Ministry of oil, petroleum development and
research center, Baghdad, Iraq).

: Barle Activated
Physical Property Husky Egg Shells Carbon
Particle size range, (mm) 06-1 06-1 06-1
Equivalent diameter, (mm) 0.775 0.775 0.775
Apparent density,( kg/m®) 332 640 480-490
Bulk density, ( kg/m®) 1011 1600 450
Solid density base dry, (kg/m®) 1480 2350 770
BET Surface area, (m“/g) 0.302 0.163 1100
Porosity 0.5 0.32 0.55
Ash % 19.6 84 5

Table 2. Parameters of single solute isotherm for Levofloxacin onto activated carbon barley husks,
and eggshells at initial concentrations 25 to 150 mg/L of LEVX.

Model Parameters AC BH ES Reference

Ke 2.059 0.468 0.0093 Guptaand
1/nF Ne 1.625 0.958 0.775 Rastogi

Freundlich q, = KyC,
R’ 0.970  0.982 0.986 2008

Om 34.211 125.735 5.6423

Langmuir  q, = _3mPCe b 00335 0.00498 0.00435 St“;?ymon
e~ (1+bC,) R 0421 0834 0816 4
R? 0.995 0.988  0.995
ke  1.334 0120 0.052
Sins . K CPs B, 00116 1.604 0622 Stu;?ymon
T 1+ aCh a 0033 00029 -0050 g2

R 0.973  0.986 0.970
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Table 3. Kinetic parameters for activated carbon, barely husks, and eggshells.

Kinetic Model Parameter Aé::r\éa;zd BI_?LIS? Egg:hell
ge(ma/g) 30.66 23.81 17.12
P?E‘éﬂggéﬁtfzrgfr Ky(min') 46x10% 1.4x10* ﬂ%ﬂ"
Correlation coefficient ~ 0.7224 0.7022 0.8099
ge cal. (mg/g) 4.71 6.87 0.21
Pseudo-second-order  Kx(mg/g.min) 0.0355 0.0108 0.1438
(Equation 2.28) ho 28.174 92.388 6.955
Correlation coefficient ~ 0.9988 0.9966 0.9846

Table 4. Thermodynamic parameters for activated carbon, barley husk and eggshells.

Temperature, AGe AH’ AS’ 2
Adsorbents K kimol)  (kimol) @Emol'kl R
293 -0.91
Activated 303 -2.418 7 478 0.0327 0.9778
Carbon 313 -3.424
232 -4.503
293 -1.769
303 -2.524
Barley Husks 313 3.448 26.3 -0.095 0.989
323 -4.653
293 -0.719
Eggshells 303 1049 20.98 0.0735 0.966
9 313 -1.986 | e '
323 -2.856
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Figure 2. Effect of contact time on the uptake of Levofloxacin onto activated carbon, barley husk
and eggshells, Cpiomass= 0.5 @/L, CoLevofioxacin= 150 mg/L, pH= 7 and agitation speed= 200 rpm.
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Figure 3. Effect of pH on the uptake of Levofloxacin onto activated carbon, barley husk,
Chiomass= 5 0/L, and eggshells Cpiomass= 50 g/L, CoLevofioxacin= 150 mg/L, contact time = 3 h, and
agitation speed= 200 rpm, temperature= 30°C.
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Figure 4. Adsorption isotherms of Levofloxacin as single solutes onto activated carbon, barley
husk, Chiomass= 5 g/L and eggshells, Cpiomass= 50 g/L, pH= 7 and agitation speed= 200 rpm.
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Figure 5. Effect of adsorbent/biosorbent amount on to the uptake capacity of Levofloxacin as single
solutes, pH= 7, C,=150 mg/L, and agitation speed= 200 rpm.
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Figure 6. Concentration-time decay data for Levofloxacin onto activated carbon, Capsorbent= 20.744
g/L, CoLevofioxacin = 150 mg/L, pH= 7 at different agitation speeds.
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Figure 7. Concentration-time decay data for Levofloxacin onto barley husk, Capsorbent= 30.722 g/L,
CoLevofloxacin = 150 mg/L, pH= 7 at different agitation speeds.
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Figure 8. Concentration-time decay data for Levofloxacin onto Eggshells, Capsorbent= 720.3 g/L,
CoLevofloxacin = 150 mg/L, pH= 7at different agitation speeds.
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Figure 9. Pseudo-second-order model for Levofloxacin onto activated carbon and barley husk;
CoLevofloxacin = 150 mg/L, pH=7.
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Figure 10. Pseudo-second-order model for Levofloxacin onto egg shells; Copevofioxacin = 150 mg/L,
pH=7.
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Figure 11. Change in free energy with temperature for the adsorption/biosorption of Levofloxacin
onto activated carbon, barley husks and eggshells, at initial concentration of 150 mg/l, pH 7.
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1-DOF Model for Fluid-Structure-Interaction Vibration Analysis
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ABSTRACT

In this paper an attempt to provide a single degree of freedom lumped model for fluid
structure interaction (FSI) dynamical analysis will be presented. The model can be used to
clarify some important concept in the FSI dynamics such as the added mass, added stiffness,
added damping, wave coupling ,influence mass coefficient and critical fluid depth . The
numerical results of the model show that the natural frequency decrease with the increasing of
many parameters related to the structure and the fluid .1t is found that the interaction phenomena
can become weak or strong depending on the depth of the containing fluid .The damped and un
damped free response are plotted in time domain and phase plane for different model parameters
It is found that the vibration free response is still sinusoidal for weak FSI coupling ,however for
strong coupling it behaves as modulated periodic response .To justify some of the theoretical
aspects such as; the effects of the fluid density and the interact shape on the natural frequency an
experiment was conducted .The results of the experiment shows a good agreement with the
theory where the error is not exceeded 7%.

Key words: FSI, mass influence coefficient , interact shape ,added mass ,added damping
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1. INTRODUCTION

The dynamics of fluid structure interaction (FSI) has wide applications in many branches of
engineering such as aerospace ,aerodynamics, ship motion, medical applications and other flow
induced vibration problems.

In the FSI systems the couplings between, fluid and structure include many kinds. It is well
known now as frictional coupling, Poisson coupling, junction coupling, Bourdon coupling,
wave-.flow coupling and wave—wave coupling, etc ,Amabili,2000.

In general the dynamical behavior of structures interacts with fluid is very complicated and
they are normally evaluated by numerical technique like finite element or finite difference
methods .Many models are treated by using simulation methods based on experiments under
wind tunnel .An exact analytical models are seldom available in the literature, however there
existed many approximate models for analyzing some special problems under some assumptions
. For example an idealized case of elastic structure in free lateral vibration and interacting with
an enclosure fluid cavity where the fluid medium has been infinite was investigated by
Aitkinson, et al.,2007 ,in their analysis, the wall reflecting of the fluid pressure waves was
neglected. Daniel et al., 2007 constructed a model for analyzing vibration of cantilever beam
interact with finite volume air cavity for using in vibration of health monitoring .The analysis of
the coupled free vibration of distributed structure such as beams, plates and shells in interaction
with a fluid-filled was performed by Gorman et al., 2001, which produced natural frequencies
of the coupled system .The results were agreed well with the finite element analysis and
experiment . Sarkar and Paidoussis, 2004, treated the dynamical behavior of pipes conveying
fluid as another type of FSI syatems .It was found that, the fluid adds additional forces on the
structure such as axial and coriolis forces . An extended literature survey about the FSI can be
found in a book published by Paidoussis, 1998.

In the present work an attempt to provide a lumped one degree of freedom model for treating
the FSI dynamic will be presented. The present model treats the various fluid effects such as the
added mass, added stiffness, added damping and the fluid pressure wave for compressible and
incompressible fluids. Such a model may has the benefit of its simplicity for the approximate
analysis of FSI as a first insight in this vital field.

2. THEORITICAL CONSIDERATIONS

Consider a coupled fluid-structure 1-DOF mass-damping-stiffness (m-c-k) model shown in
Fig.1, is interacting with a enclosed fluid space of depth H. The coordinate of the mass is y and
that of the fluid container is Y as shown in the figure .The containing fluid is considered inviscid
(non viscous) which may be compressible or incompressible. For small vibration the effect of
vortex is neglected.
The equation of motion of 1-DOF mass spring damper, taking into account the effect of the
induced pressure force is;

2

d d
(m, +m,) y+(CS+Cd)gy+(ks+kd)y:AP|y_H (1)

dt?

Where s and d refer to the structure and the added parameters due the fluid effect, respectively.
Eq.(1) can be written in the following form ;

d’y .~ dy
m-— +CE+ky=AP|y:H (2)
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Where,

m= ms +Mgq

C=Cs+ Cy4

k=ks+ Kg, 3

are the total mass ,damping and stiffness, respectively .P is the pressure and A is the interacted
area of the mass block .

Now dividing Eq.(2) by m giving;

Ap

d’y Cdy Kk
i "mat T m Y = m P @)

As shown in Fig. 1, the fluid boundary lies only under the mass block . The fluid domain is
bounded above by the block mass and by perfectly absorbent walls on all other sides. The fluid
is assumed to be inviscid and may be compressible or incompressible and can well described by
Laplace's equation over the domain. The boundary condition of the fluid-structure interface is
described as a Neumann boundary condition by coupling the velocities across the interface
Blevins, 2010. The sides and bottom containing the fluid represent a Dirichlet boundary at
which the fluid potential is zero. The fluid system can be characterized by the following
Laplace's equations Paidoussis,1998.

Vi = ()2‘”’ (52)

Where ¢ is potential flow function and S is the speed of sound .For one dimensional motion (in
Y direction only) the potential function takes the following form;

a¢ 1., 0%
(S ra (5b)

Eq.(5b) can be solved by trying the following harmonic solution;

(Y 1) =n(Y)e" (6)

Separating the variable leads to the following general solution;
¢(Y,t)=[Clsin%Y +C, COS%Y]eiwt o

Where C; and C, are arbitrary constant depending on the boundary conditions and ® is the
natural frequency.
The velocity at the bottom is zero; hence the first boundary condition is;

v,=% | o ®)

aY |Y:O
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Substituting Eq.(8) into Eq.(7) ,Gives;C;=0
Hence Eq.(7) is reduced to;

¢=C, cos(gY)e“”I 9)

Now the fluid pressure, P excreted at the bottom surface of the mass block can be evaluated as
follows, Atikinson and Marique, 2007,

Y=H

o¢
P| =—pS E |Y:H (10)

Combining of Egs. (4,9) and (10) giving;

2 -
d—¥+9ﬂ+£ =-C, 1OARS g OH gio (11)
d° mo m m S

The solution of Eqg.(11) can be written as;

yo" |CzcoA,z278 <_:os(a)H [3S) gio (12)
k—mo* +i1(Ckao/m)

EQ.(12) can be used to plot the free vibration response due to a given initial conditions in the
time domain.

At Y= H, the fluid velocity V, and the lateral velocity of the mass are equal, hence the second
boundary condition is ;

9 (13)
oy, ot

Substituting Eq.(13) into Eq.(12), gives the frequency equation of free vibration of the FSI as
follows;
wAPS? N oH

PR an—=0 (14)
kK—mo” +i(Cke/m) S

As stated above Eq.(3) the parameters m, C and k combine the structure parameters and the
added ones due to the fluid interaction . The added parameters may be evaluated as the following

A-The added mass;
The added mass represents the fluid mass displayed by the block as it vibrates (Archimedes
principle ).1t can be calculated from the following equation Paidoussis, 1998 ;

m, = pAC, (15)
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Where C, denoted the added mass influence coefficient which depends on the geometry of the
body interacts with the fluid and can be found from tables presented by Blevins, 2010 .
For example CI=1 and 1. 86 for circular and square cross sections , respectively.

B-The Added Damping

The damping mechanism is complex phenomenon which depends on many factor associated
to the fluid and structure parameters such as viscosity, types of fluid ,the lift and drag forces ,
boundary conditions ,structure mass and stiffness ,fluid hammering, etc. However for still and
non-viscous fluid with rigid bounded structure as it is the presented case, it is assumed that the
predominate damping effect is due to the fluid hammering .This phenomena can be resulted
from the influence of the shock resulting from the pressure wave as it strike the block due to
vibration motion .The additional pressure induced by the surface area of the block can be
evaluated according to Joukowsky equation as;

dy
P. = 0S 16
h = P at (16)

Due to this pressure the force excreted on the block is ;

F=Pp, A
(17)
This force will create an additional damping force given by;
dy

F=Cqy—2 18

45 (18)
Combining, Egs. (16) ,(17)and (18) ,the added damping , Cq4 can be evaluated as;
Cy = pSA (19)

C-The Added Stiffness

The added stiffness depend on the compressibility of the fluid and the geometry of its container
In other words on the bulk modulus of the enclosed fluid .However for the present model since
the fluid is not perfectly enclosed and can be easily escaped ,the effect of the added stiffness is
so small and can be neglected .

Finally , considering the above effects the free time response Eq.(12) and the frequency
equation Eq.(14) will take the following forms ;

—iwAPS cos(wH /S) iat
y= Cz 2 (20)
K+[k(C+ oSA)/(m, +C, pA)]lo—(m, +C, pA)w
2
S @Ap —+tan @i 1)
K+[k(C+ pSA)/(m, +C, pA)]o—(m, +C, pA)w S

Eq. (21) has two terms; the first is characterized by the structure stiffness ,damping and mass
and the second term is characterized by the fluid container .The FSI natural frequency is a

109



Number 12  Volume 20 December- 2014 Journal of Engineering

contributing of the two effects. An inspection of the second term it can be seen that this term
can take two extreme values , which are; zero and infinity .When this term becomes zero this
means that the FSI coupling effect due to the fluid is weak ,however, when it becomes infinity
the FSI effect becomes strong . Hence one gets;

For weak FSI ;tan%:o, which gives , =Sn/H

For strong FSI; tan %Zoo, which gives ,o=Sn/2H (22)

Keeping in mind that only one root of the tangent function is taken since the model is 1-DOF.
For a certain fluid, the speed of sound S is constant, so that Eq. (22) indicates that the depth H is
the only parameter which define the weakness or strengthens effects of the fluid on the natural
frequency .In other words there are certain critical values of H at which the FSI coupling
becomes maximum or minimum. This conditions are also observed by other FSI models for
example the model given by Daniel et al., 2007 .

3. EXPERIMENTAL INVESTIGATION

To justify some of the theoretical concepts an experiment was carried out . The main aim of the
experiment is to investigate the effects of fluid and the interact shape on the natural frequency
To maintain a same mass weight with different interact shapes. three plastic shapes was prepared
and attached by using the arrangement shown in Fig.2. The dimensions and the corresponding
mass influence coefficient of these samples are given in Table.1.
The test rig consists of the apparatus and the measuring instruments as shown in Fig.4.The
apparatus consists of mass-spring system (k=2500N/m ,m=0.28 kg), as well as the fluid
container (D=0.1 m, H=0.23 m) .These parameters are chosen to insure that the system is at the
strong coupling regions. The measuring instruments are the accelerometer, charge amplifier and
oscilloscope .In this test, water and kerosene (p =780 kg/m®) are used as working fluids .For
each fluid the three samples were used .The vibration signal was picked up by the accelerometer
and amplified by the charge amplifier and fed to the scope .The natural frequency was recorded
from the scope as shown in Fig.4 .

4. RESULTS AND DISCUSSIONS

Exanimating of Egs .(19) and (20) indicate that, the dynamical behavior of the present FSI
model is affected by two main groups of parameters .The first are associated to the structure
which are mg, k A, C; and C. The seconds are associated to the containing fluid which are p, S,
and H .The effects of mg, k and C can be clearly understood from considering the elementary
analysis of a damped single degree of freedom oscillator The goal of the present investigation is
to focus on the additional FSI parameters .

Figs.5,6, and 7, display the effects of the interacted area of the block mass ,fluid density and
the influence mass coefficient on the natural frequency . In plotting these figures the following
model parameters are chosen; ms=0.25 kg (round cross section) ,C=20 Ns/m , k=500 N/m and
H=0.25 m. With these data the vacuum natural frequency (i.e. without fluid) can simply be
calculated as w=44.72 r/s .

In Fig.5, the area of the block mass is varied from 0.05x107 to 2.05x10° m? .As it is clear from
this figure that ; increasing the area tends to reduce the natural frequencies .This behavior is
logical since increasing the area produces resistance against the mass motion .
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Fig.6 shows the effect of the influence coefficient which depends on the geometry of the block
mass area .The minimum value of this coefficient is associated to the circular shape .The
coefficient value increases as the shape become more complicated Blevins.2010.Examining of
Fig.6 indicates that increasing of the influence coefficient reduce the natural frequency, also
This can be attributed to the increasing of the total mass which decreases the natural frequency .
In Fig.7, the effect of the fluid density is investigated for rang values from 1 to 1000 kg/m®
Again the natural frequencies decrease with the increasing of the fluid density.

The un damped (C=0) natural response of the same model with the additional parameter data
p=1000,H=0.25 , A=0.4x10" with rectangular shape , is plotted in Figs. 8, a and b in time
domain and phase plane ,respectively .As it can be seen from these figures that the response is
clean sinusoidal . To identify the response of the model near and at the strong zone of FSI
coupling , the depth is assigned a new value which are (H=0.7 and 0.8 m) .The results are
plotted in Figs.9 and 10 for (2x107m,0) initial displacement and velocity .In general these
figures tell that the response is still sinusoidal but with variable amplitude this means that the
response is a result of the modulation of two wave frequencies .These two frequencies are the
acoustic wave frequency and the system natural frequency. The effect of this modulation
becomes more clearly visible when the depth reach critical value (0.8 m) as it is shown in Fig.
10,a and b in both time and phase plane response .

The effect of damping is investigated in Figs.11 .The damping ratio of the model is assigned
(=0.1 value (;=C/2mw) .The under damping response at the strong zone is plotted in time
domain and phase plane. The spiral trajectory of the phase plane indicates that the system is
stable and the oscillation will be diminished after about ten periods.

The experimental and the corresponding theoretical results of the tested samples are collected
in Table 2.In general the results show the decreasing in the natural frequencies due to the effects
of the fluid and the interacting shape as it compared with the vacuum (without fluid) natural
frequency .This confirm the theoretical conclusion that ;as the interact area becomes more
sharply edge (from circular to squarer shape) the natural frequency decrease .Such a behavior
can be attributed to the effect of drag force which increases as the profile sharpness increases
.Moreover ,that; the natural frequency takes lower values as the fluid density increases (p
water=1000 kg/m3, p kerosene:780kg/m3) . From comparing the experimental and theoretical the
results show good agreements where the maximum error is not exceed the 7% .Also that the
experimental results in general is lower than the corresponding theoretical .This may be due to
the effect of the several sources of damping (friction ,drag ,internal , etc.) which are very
difficult to be taking into account .

5. CONCLUTIONS

A lumped single degree of freedom analysis for FSI dynamics is treated in this work .It is
found that; despite of its simplicity , it can serve a good model for investigating several main
aspects of the FSI .The natural frequency was investigated .It is found that increasing the
interacting area and the fluid density will reduce the natural frequency .Also, that the natural
frequency can be increased as the shape of the interact area become irregular or complex .The
free damped and un damped response are plotted in time domain and phase plain , It is
concluded that the response in general is sinusoidal but it highly affected by the depth of the
containing fluid .At certain critical fluid depths the FSI coupling become weak so that the
response takes a pure sinusoidal form .However at other depth values the FSI coupling become
strong leading to a modulated sinusoidal form .
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Some aspects of the FSI was investigated experimentally such as the effects of fluid density and
the shape of the interacting area .Comparing the results show good agreements where the
maximum error is not more than 7% .

The model can be regarded as a useful tool for engineers for the crude estimating of the
fundamental natural frequency and response of FSI systems .
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7. NOMENCLATURE

Q= natural frequency, rad/s
{ = damping ratio

A= interact area , m?
C:=total damping , Ns/m
Cg=structure damping , Ns/m
Cq= added damping ,Ns/m
C, =mass influence coefficient
K=total stiffness ,N/m

ks= structure stiffness,N/m
kq= added stiffness , N/m

m = total mass ,kg

112



(@) Number 12 Volume 20 December- 2014 Journal of Engineering

S

mq= added mass ,kg
ms= structure mass ,kg
H= fluid depth ,m

S =speed of sound ,m/s

" structure
compressible coordinates
or inviscid
fluid

H
v
T fluid
coordinates

Figure 1. Schematic diagram of the idealized coupled FSI system.

Figure 2.The tested samples.

mass

fixing
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.~ shape
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Figure 3. The mass-interacting shape arrangement.
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Table 1. The tested samples dimensions and influence coefficients.
Sample no. Shape Radius or side Area C
length(m)
1 Circle 0.082 ma2 1
2 Polygon 0.032 2(1+V2)a2 1.23
3 Squarer 0.073 a2 1.86
Table 2.Experimental and theoretical natural frequencies (Hz).
Interacting Vacuum (without Kerosene Water
Shape fluid)
Theo. Exp. Theo. Exp. Theo. Exp.
Circle 7.0337 6.5 6.4975 6
Polygon 11.2540 10.5 6.5523 6 6.0155 5.5
Square 5.6975 5.2 5.1801 4.8
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Using Alternative Cogeneration Plants in Iraqi Petroleum Industry

Dr. FALAH F. HATEM
Lecturer
University of Technology - Mechanical Engineering Department
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ABSTRACT

The present paper describes and analyses three proposed cogeneration plants include back pressure
steam-turbine system, gas turbine system, diesel-engine system, and the present Dura refinery plant.
Selected actual operating data are employed for analysis. The same amount of electrical and thermal
product outputs is considered for all systems to facilitate comparisons. The theoretical analysis was
done according to 1% and 2™ law of thermodynamic. The results demonstrate that exergy analysis is
a useful tool in performance analysis of cogeneration systems and permits meaningful comparisons
of different cogeneration systems based on their merits, also the result showed that the back pressure
steam-turbine is more efficient than other proposals. Moreover, the results of the present work
indicate that these alternative plants can produce more electric power than that required in the
refinery. At present time, the industrial cogeneration plants are recommended in Iraq, especially in
petroleum industry sectors, in order to contribute with ministry of electricity to solve the present
crisis of electric power generation. Such excess in the power can sold to the main electric network.
The economic analysis are proved the feasibility of the proposed cogeneration plants with payback
period of four year and six months ,three year and eight months, and ten years for steam
cogeneration plant, gas turbine cogeneration plant and diesel engine cogeneration plant respectively.

Key words: cogeneration, power plants, energy, refinery, economic
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1. INTRODUCTION

Cogeneration is the production of electricity and heat energy for process simultaneously from the
same energy source. Cogeneration plants capture wasted thermal energy. The main advantage of
these systems is their ability to improve the thermal efficiency of the fuel used in the production
more than one useful form of energy. Also cogeneration lead to significant environment advantages,
that is the increase in efficiency and corresponding decrease in fuel used by a cogeneration system
compared to other conventional processes for thermal and electrical energy production, normally
yield large reductions in greenhouse gas emissions. Cogeneration systems utilizing internal
combustion engines and gas-turbines in open cycle are the most utilized technologies worldwide.
Heavy fuel-fired diesel power plants run on relatively inexpensive diesel fuel, a low-grade product
of oil refineries such power plants can be set up quickly, normally in less than twelve months to
generate hundreds of megawatts of energy. Large diesel engine-cogeneration systems are
particularly well suited to applications requiring a relatively high proportion of electrical power
compared to thermal products Benelmir, and Feidet, 1998. Many energy and exergy analyses of
cogeneration systems have been reported and pointed out their advantages. Ertesva, 2007 presented
an exergetic comparison of efficiency indicators for cogeneration and he concluded that exergetic
improvements were only captured to a limited degree by the various energy-based efficiency
indicators. Ust, et al.,, 2007 optimized a gas-turbine regeneration system by an exergetic
performance criterion and indicated the advantageous of this method. Khalig, and Khan, 2007,
analyzed a gas-turbine heat and power system using the first and second law of thermodynamics. .
Kathem, 2007, proposed using a back-pressure turbine instead of the present plant used in the Dura
refinery in Baghdad. The result showed a substantial increase in efficiency (6-13%) as well as the
achievement of (24%) saving in fuel. Moreover, the results of his work indicate that these alternative
plants can produce more electric power than that required in the refinery. Such excess in the power
can sold to the main electric network. Isam Aljundi, 2009, analyzed the system components of Al-
Hussein power plant in Jordan using exergy and energy concept he concluded that there is no drastic
change was noticed in the performance of major components and the main conclusion remained the
same; the boiler is the major source of irreversibility in the power plant, chemical reaction is the
most significant source of exergy destruction in a boiler system which can be reduced by preheating
the combustion air and reducing the air—fuel ratio. Godoy, et al., 2010, presented optimization
designs of a combined gas turbine (CCGT) power plant by second law efficiency, technical
relationships are used to systematize optimal values of design and operative variables of a CCGT
power plant into optimal solution sets named as optimal solution families. Godoy, et al., 2011,
optimized combined cycle gas turbine power plants characterized by minimum specific annual cost
values are determined for wide ranges of market conditions as given by the relative weights of
capital investment and operative costs, by means of a non-linear mathematical programming model.
A strategy for simplifying the resolution of the rigorous economic optimization problem of power
plants is proposed based on the economic optima distinctive characteristics which describe the
behavior of the decision variables of the power plant on its optima. Abdolsaeid, et al., 2012,zaaaaa
presented comprehensive thermodynamic modeling of a dual pressure combined cycle power plant
using exergy concept , results are compared with an actual data taken from one of the Iranian power
plant to ensure the developed code, then they made optimization for number of decision variables to
have a better understanding and optimal design of the system, The results show that gas turbine
temperature, compressor pressure ratio and pinch point temperatures are significant design
parameters. In this paper thermal analysis and economic analysis of various refinery cogeneration
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plants is conducted through energy and exergy efficiencies, four plants are considered one of them is
currently serves the Dura refinery, Baghdad and the others are proposed.

2. MATHEMATICAL MODEL
2.1. First and second laws analysis and thermodynamics relations
i. The general energy and exergy efficiencies, these are given as: Hameed, 1990.

Mg = EC;HH )
M =% @)
nele. = % (3)

This relation is referred to as the utilization efficiency to differentiate it from the thermal efficiency,
which is commonly used for a power plant with single output power.

It is normally inappropriate to compare commodities that are different. Although work and heat have
the same units, they are fundamentally different, with work being more valuable. The efficiency in
Eqg. (1) treats the electrical and thermal products equally. We can overcome this deficiency by
defining the efficiency of a cogeneration plant based on the second law of thermodynamics using the
concept of exergy (i.e., exergy efficiency or second-law efficiency), as the ratio of total exergy
output to exergy input:

E+Ex, @
ncog,ex - EXf
Ex, =m; ex, (5)

Where ex; is the specific exergy of the fuel. The exergy of a fuel may be obtained by writing the

complete combustion reaction of the fuel and calculating the reversible work obtainable assuming
all products are at the state of surroundings. The exergy of the fuel is equal to the reversible work.
For fuels which yield water as a combustion product, the exergy of the fuel differs depending on the
phase of water (vapor or liquid). Szargut, et al., 1988, list the exergies of various fuels based on
vapor phase of water in combustion gases.

ii. Power to heat ratio (PHR)
It is the ratio of the electric energy produced to the heat process, it is given by:

PHR = & (6)
H
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iii. Net heat rate (NHR)

It is the ratio of fuel convertible-to-power to net electricity generated. The fuel convertible-to-power
is the fuel energy input rate less the amount that would be necessary to produce the useful thermal
energy only by conventional means.it is determined by:

NHR:(Qf_—:/nb) @)

iv. Consumed fuel rate
The relationship between the overall efficiency, generated power, consumed fuel rate and low
heating calorific value is given by:

E

- = 8
770vera1|| mf CV ( )

We can estimate the consumed fuel rate per MW of power for different type of fuel, the result are
tabulated in Table 4 and used to estimate the rate of consumed fuel.

v. Fuel saving rate (FSR)
It is given by:

_mf)

m
FSR — f )present proposed (9)

m f ) present

Where my is fuel consumed for the same output (heat + electric) from both plants. Considering the
lack of electric power (generated in the present plant) are supplied from another condensing plant
with n=0.35 (estimated from Table 4)

2.2 Economic analysis
The economic evaluation of the cogeneration plants depends on the payback period, the short period
is desired. The payback period calculated from: Mehervan, 2002.

N=—" (10)

The total cost (Ct) is the sum of the annual fixed cost and running cost, the annual fixed cost is the
sum of annual payment and maintenance cost, the annual payment is the investment times capital
recovery factor (CR) , the capital recovery factor is given by:

i(L+i)"

T )
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The total annual income (R¢f) is the sum of the incomes from electricity and heat energy sealing.
The maintenance cost and the other cost are taken as a percent of the investment, the running cost
mainly annual fuel cost, all the required data for economic analysis are taken from Meherwan,
2002.

3. DESCRIPTION OF THE PRESENT AND PROPOSED COGENERATION PLANTS

i. Present plant

Dura refinery was established in the middle of the last century and Irag nowadays is interested in
reconstruct his old refineries and inspired to build a new refineries. Therefore several researchers
found that it is necessary to analyze the heat cycle of the present Dura refinery and propose a new
design for cogeneration plants Kathem, 2007 and Hameed, 1990.

The present plant shown in Fig.1 supplies the whole refinery with 21.6 ton/h process steam at 18
bars, 260 °C  as well as about 4.5MW electric power Hassan, 1988. An additional 11 MW of
electricity is purchased from the main electric network. Fig. 1 shows the unit, while Table 1 shows
the quantitative details for the unit.

Ii. Back pressure steam turbine cogeneration plant

The back-pressure non-condensing turbine of type R-50-127-13 were suggested, where the first
number refers to power (MW), the middle one refers to inlet turbine pressure (bar) and the last
number refers to turbine exit pressure (bar) Kathem, 2007. The back-pressure turbine can generate
maximum electricity at approximately the same time as the system heat at its peak demands.
Furthermore, it is simple in design and has high reliability and it also has a very low heat rate which
permits the achievements of high fuel savings. Also, its equipment cost and space requirements for
back-pressure (non-condensing) units are very much less than for condensing units. In this
cogeneration system boiler was selected according to operation condition of Kathem, 2007. To
supply the heat demand of unit turbine must be operated continuously at a partial load with exit
pressure 18bar. The temperature of steam from turbine exhaust is around 316°C, so most of
superheat being removed by water injection. Fig. 2 represents a simple layout for this unit and the
quantitative details are listed in Table 2 and Table 3. This plant can cover the process heat as well
as, produce 34.5MW surplus electric powers which can be sold at a profit to the grid.

iii. Gas turbine based cogeneration plant

The refinery gas turbine cogeneration plant produces electricity and 21.6 ton/h of steam at 18bar and
260°C from the waste heat recovery boiler. A cogeneration gas-turbine power plant considered in
this study of a net power output of 20 MW and maximum and minimum pressures of 1200 and 100
kPa in the system, respectively. The fuel is natural gas, the turbine inlet temperature is 700°C and
the isentropic efficiencies of both the turbine and compressor are 85%. Under these operating
conditions, exhaust gases leave the turbine at 303°C. All steam and the required electrical energy are
used in the refinery, while the surplus electric power can be sold at a profit to the grid. The gas
turbine is operated continuously at full or part load by natural gas with lower heating value of 50050
kJ/kg. The general plant flow diagram is shown in Fig. 3, Hameed, 1990 and Hassan, 1988.

iv. Diesel-engine based cogeneration plant

A diesel-engine powered cogeneration plant is considered where the outputs are electrical power and
heat, which is transferred from the hot exhaust gases to water in an unfired waste heat recovery
boiler, The general plant flow diagram is shown in Fig. 4. Some of the values to be used in this grid
are from an actual diesel-engine power plant Kanoglu, 2005. The same rate of heat transfer as in the
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steam and gas-turbine cogeneration is assumed. The net power output from the plant is 20 MW
when the rate of fuel consumption is 1.25 kg/s and the air—fuel ratio is 40.4. This corresponds to an
exhaust flow rate of 51.75 kg/s. The exhaust gases enter the waste heat recovery boiler at 400°C,
extra fuel needed to produce the required steam with 85% assumed boiler efficiency and flue gas
inlet temperature of 150°C. The plant uses heavy diesel fuel with a lower heating value of 39300
kJ/kg. Note that the exergy of heavy diesel fuel with an unknown composition is taken as 1.065
times the lower heating value of the fuel following the approach by Brzustowski and Brena, 1986.

4. RESULTS AND DISCUSSION

The aim of the present study includes a brief description of the present Dura refinery plant and the
suggested alternative cogeneration plants in which back-pressure non-condensing turbine, gas
turbine and diesel engine are examined, the analysis in this work gives a good agreement for
currently Dura refinery plant and back pressure turbine plant alternative with, Kathem, 2007. In
order to describe the performance of a cogeneration plants various thermodynamic parameters were
determined, a summary of results are given in Table 5 ,to facilitate comparisons of the plants the
same heat requirement for the refinery is considered (145 MW) with different electric power output
and depending on Table 4 which help to estimate the rate of fuel consumed. The results show that
the presently plant have the smallest efficiency compared with other alternative plants this because
of its dependence on the bottoming cycle which leads to waste energy without power producing.
The present plant consumes 6.1 kg/s of fuel Hameed, 1990. for both electric power and refinery
heat requirement the fuel consumed rate and net heat rate decreased in all alternatives so there are a
saving in the fuel consumed rate about 28.59% for back pressure turbine, 20.787% for gas turbine
cogeneration plant and 12.787% for diesel engine cogeneration plant. This advantage is due to the
thermal recovery from the flue gas by the heat recovery steam boiler and because of increase plant
heat rate . This means new advantage that the alternatives can produced surplus electric power which
can supports and solve the present crisis national electric power generation i.e. back pressure turbine
plant can added 34.5MW to the national electric network. The back pressure turbine cogeneration
plant is the best alternatives (high efficiency, low NHR, high fuel saving and surplus power
produced). The payback period given in Table 6 indicate that the gas turbine unit payback period is
shorter than other alternatives this due to the price of natural gas is cheaper than gas oil fuel used in
both back pressure turbine cogeneration plant and diesel engine plant.

5. CONCLUSIONS

1- According to 1% and 2" thermodynamics law, the proposed plants can improve thermal
efficiency.

2- The back pressure turbine cogeneration plant is the most suitable for cogeneration. Although the
application this type leads to increase initial cost, but at the same time leads to increase PHR by
222% and FSR by 28.6%.

3- The price of electric and heat power from cogeneration plants is depending on the method of
estimation specific fuel consumption. Therefore this estimation method should be chosen so that it
can be promote to build new cogeneration plants in Irag.

4- The payback period of gas turbine unit is shorter than other alternatives.

5- Due to its high efficiency, the cogeneration plants are recommended in Iraq, especially in
petroleum industry sectors, in order to contribute with ministry of electricity to solve the present
crisis of electric power generation.
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Table 1. Specifications data of steam circuit for Dura's refinery , Kathem, 2007.

State | P t m (kg/s) | Pt. P T m (kg/s)

(bar) | (°C) (bar) | (°C)
0 |18.93| 260 75.6 19 | 1.36 | 108.4 6.433
1 | 1824 | 260 3.143 20 | 18.39 | 209.6 9.639
2 | 18.24 | 260 4.187 21| 1.36 | 108.4 7.796
3 1824 260 57.182 |22 | 1.36 | 108.4 1.843
4 |18.24 | 260 11.088 | 23 |22.37 | 86.7 85.239
5 0.1 | 45.8 11.088 | 24 | 18.24 | 248.9 0.547
6 0.1 | 46.1 11.088 | 25| 1.7 |115.2 0.512
7 | 17.55]248.9 1.462 26 | 3.01 34 66.125
8 1748 | 96.5 1.462 27 | 1.01 | 33.9 66.125
9 |18.24| 260 2.725

10 1.7 1152 2.725
11 0.1 | 46.1 11.088
12 | 1.01 | 71.1 11.494
13 1.01 | 26.1 54.631
14 | 1.01 | 93.3 76.627
15 | 2.01 | 399 78.675
16 |18.24 | 260 0.887
17 | 1.36 | 108.4 0.756
18 1.8 86 85.239
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Table 2. Specifications data of steam circuit for Dura's refinery with
the turbine type R 50-127-13, Kathem, 2007.

State P t m Pt. P t m

(bar) | (°C) (kg/s) (bar) | (°C) (kg/s)
0 130 565 83.337 |17 | 1.01 93 51.115
1 34 389.7 3.571 18 | 1.01 27 48.232
2 |23.61| 3433 2.232 19 | 1.01 [38.94 | 58.695
3 18.24 | 316.18 | 77.534 |20 6 3896 | 58.695
4 18.24 | 316.18 7.232 21 | 18.24 | 260 1.216
5 18.24 | 316.18 | 70.302 |22 6 158.8 | 83.337
6 18.24 | 316.18 11.607 23 | 130 | 160.3 83.337
7 18.24 | 316.18 | 58.695 |24 | 130 |204.5| 83.337
8 1.01 27 2.871 25| 130 |218.2 83.337
9 1824 | 260 61.566 26 | 130 | 238.1 83.337
10 [17.55| 2589 1.216 27 | 34 |240.9 3.571
11 1824 | 260 60.35 28 | 23.61 | 221 3.571
12 1.01 27 0.012 29 | 23.61 | 221 5.803
13 | 17.55 | 248 1.228 30| 18.24 | 207.8 5.803
14 1.01 93 60.35 31 |18.24 | 207.8 | 13.035
15 1.01 93 9.235 32 6 158.9 | 13.035
16 | 17.48 96 1.228

Table 3. Operation design conditions for turbine type R50-127-13 , Kathem, 2007.

Pin Gn | M. | M, Mist, | Manab | Marab | Pes. | Pust, | Ponab | Psa | Pet
MW (bar) | (°C) | (kafs) | (kals) | (kgls) | (kals) | (kals) | (bar) | (bar) | (bar) | (bar) | (bar)
50 | 127 | 565 | 136 | 102 5.5 6 9.58 | 95 37 22 65 13
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Table 4. Consumed fuel rate (kg/s)/MW, for different efficiency and different fuel low heating

value.
Heating value
30 32 34 36 38 40 42 44 46 48 50 52
Overall efficiency
0.14 0.238 | 0.223 | 0.210 | 0.198 | 0.188 | 0.179 | 0.170 | 0.162 | 0.155 | 0.149 | 0.143 | 0.137
0.16 0.208 | 0.195 | 0.184 | 0.174 | 0.164 | 0.156 | 0.149 | 0.142 | 0.136 | 0.130 | 0.125 | 0.120
0.18 0.185 | 0.174 | 0.163 | 0.154 | 0.146 | 0.139 | 0.132 | 0.126 | 0.121 | 0.116 | 0.111 | 0.107
0.2 0.167 | 0.156 | 0.147 | 0.139 | 0.132 | 0.125 | 0.119 | 0.114 | 0.109 | 0.104 | 0.100 | 0.096
0.22 0.152 | 0.142 | 0.134 | 0.126 | 0.120 | 0.114 | 0.108 | 0.103 | 0.099 | 0.095 | 0.091 | 0.087
0.24 0.139 | 0.130 | 0.123 | 0.116 | 0.110 | 0.104 | 0.099 | 0.095 | 0.091 | 0.087 | 0.083 | 0.080
0.26 0.128 | 0.244 | 0.113 | 0.107 | 0.101 | 0.096 | 0.092 | 0.087 | 0.084 | 0.080 | 0.077 | 0.074
0.28 0.119 | 0.112 | 0.105 | 0.099 | 0.094 | 0.089 | 0.085 | 0.081 | 0.078 | 0.074 | 0.071 | 0.069
0.3 0.111 | 0.104 | 0.098 | 0.093 | 0.088 | 0.083 | 0.079 | 0.076 | 0.072 | 0.069 | 0.067 | 0.064
0.32 0.104 | 0.098 | 0.092 | 0.087 | 0.082 | 0.078 | 0.074 | 0.071 | 0.068 | 0.065 | 0.063 | 0.060
0.34 0.098 | 0.092 | 0.087 | 0.082 | 0.077 | 0.074 | 0.070 | 0.067 | 0.064 | 0.061 | 0.059 | 0.057
0.36 0.093 | 0.087 | 0.082 | 0.077 | 0.073 | 0.069 | 0.066 | 0.063 | 0.060 | 0.058 | 0.056 | 0.053
0.38 0.088 | 0.082 | 0.077 | 0.073 | 0.069 | 0.066 | 0.063 | 0.060 | 0.057 | 0.055 | 0.053 | 0.051
0.4 0.083 | 0.078 | 0.074 | 0.069 | 0.066 | 0.063 | 0.060 | 0.057 | 0.054 | 0.052 | 0.050 | 0.048
Table 5. Energy and exergy analysis results for different cogeneration systems.
Present . pressure Gas-turbine Diesel engine
Parameter turbine . 4
plant . cogeneration cogeneration
cogeneration
Energy eff. % 58.3 76.89 68.22 70.3
Exergy eff. % 21.8 31.67 32.52 43.7
Ele. Power (E)(MW) 4.5 50 20 20
Surplus power(MW) -11 +34.5 +4.5 +4.5
Heat requirement(H)(MW) 145 145 145 145
PHR 0.107 0.345 0.138 0.138
NHR 22.7 2.32 9.43 11.3
FSR % - 28.59 20.787 12.787
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Table 6. The economic analysis summary.

ltem Back pressure Gas-turbine Diesel engine
turbine cogeneration cogeneration cogeneration

Investment (million $) 50 25 22
Interested (i) 15 15 15
Operation period (years) 25 20 15
Capital recovery factor (CR) 0.155 0.16 0.171
Annual payment(million $) 7.75 4 3.762
Operation & maintenance 0.6 0.4 0.6
cost($/MWh)
Annual fixed cost(million $) 8.77 4.58 4.5
Annual variable cost(million $) 49.45 20.4 60.4
Total annual cost (Ct) (million $) 58.22 24.98 64.9
Annual income from electricity 10.512 4.205 4.205
(million $)
Annual income from heat energy 2.27 2.27 2.27
(million $)
Total incomes (Ref) (million $) 12.782 6.475 6.475
The payback period(years) 4.55 3.858 10.02
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Nomenclature

Latin

Ct = total annual cost ($)

CR = investment recovery factor
H.V = fuel heating value (kJ/kg)
E = electric energy produced (MW)
H=  heat requirement (MW)
m=  mass flow rate (kg/s)

N = payback period (year)

Q= total heat (kJ)

Ref =  total annual income ($)

Greek letters
n : Efficiency
Subscript
add : added
b: boiler
ele.: electric
f : fuel

g : generated
h: heat

i : interest
in:inlet

n : number of years

Abbreviations

FSR: Fuel Saving Rate

HRSB: Heat Recovery Steam Boiler
NHR: Net Heat Rate

PHR: Power to Heat Ratio
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ABSTRACT

The long-term monitoring of land movements represents the most successful application of the
Global Navigation Satellite System (GNSS), particularly the Global Positioning System.
However, the application of long term monitoring of land movements depends on the availability
of homogenous and consistent daily position time series of stations over a period of time. Such
time series can be produced very efficiently by using Precise Point Positioning and Double
Difference techniques based on particular sophisticated GNSS processing softwares.
Nonetheless, these rely on the availability of GNSS products which are precise satellite orbit and
clock, and Earth orientation parameters. Unfortunately, several changes and modifications have
been made periodically on the policy of producing these products which led to degradation in the
consistency of these products over time. For the long term monitoring of land movements, it is
essential that any such developments and changes can also be used to produce improved
products that go back in time, to enable the homogeneous reprocessing of archived observation
data. This paper deals with two main themes. Firstly, it demonstrates the significant and
imperative role of the GNSS in geological applications by addressing major global and regional
studies of the Earth’s deformation which represent one of the main and essential applications in
satellite geodesy. The role of the continues GPS measurements in this application is highlighted
and discussed for modeling global and regional plate motions and modeling Glacial Isostatic
Adjustment. Secondly, this paper locates the most important obstacles which stand behind the
inability to use the GNSS in applications of long-term monitoring of land movements.

Key words: land movements, GNSS, deformation, glacial isostatic adjustment
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1. INTRODUCTION

The expression “long-term monitoring of land movements” covers an extensive range of
geophysical phenomena studies using GNSS. In general, this is based on the interpretation of
time series of the changes in continuous high precision horizontal and vertical positions over a
period of time. Because the long-term monitoring of land movements based on GPS data is one
of the main objectives of this paper, a considerable amount of literature that has been published
on this subject is presented and highlighted in this study.

Owing to the fact that the Earth’s deformation leads to continuous changes in the geometric
configuration of geodetic networks, the determination of the Earth’s deformation parameters has
become one of the main and essential applications in geodesy. In the past, classical geodetic
surveys were used to establish horizontal and vertical positions. Many drawbacks are associated
with these techniques, e.g. their high-cost and time-consuming nature due to the effort required.
In addition, the monitoring of the Earth’s deformation over vast areas requires precise and
simultaneous measurements over long baselines, and classical geodesy does not provide this
capability. Furthermore, because the horizontal and vertical positions are calculated from
different types of measurements, which are collected at different times and places, this adds a
complexity in the analysis of these time series. Consequently, research on the Earth’s
deformation, since three decades ago, have tended towards using space geodetic techniques to
estimate velocities over certain observation periods, based on: (1) Satellite Laser Ranging (SLR)
Smith et al., 1990, and Sengoku, 1998; (2) Very Long Baseline Interferometry (VLBI)
Robaudo and Harrison, 1993, and Sato, 1993; (3) GPS Dixon et al., 1991, Dixon, 1993, Argus
and Heflin, 1995, Larson et al., 1997, Segall and Davis, 1997, Prawirodirdjo and Bock, 2004,
Mazzotti et al., 2007, Bouin and Wéppelmann, 2010, and Hammond et al., 2011; (4) Doppler
Orbitography and Radiopostioning Integrated by Satellite (DORIS) Cazenave et al., 1992,
Soudarin and Cazenave, 1993, and Soudarin and Cazenave, 1995.

Recently, the use of continuous GPS (CGPS) data has received considerable interest as the
essential means of geodetic investigation in comparison with the other space geodetic techniques
for many reasons: first of all, GPS hardware and software are readily available and relatively
inexpensive in comparison with the other techniques, which necessitate higher budgets;
secondly, because some geodetic monitoring work, like earthquakes and volcanoes, require
continuous, sub daily, and instantaneous observations, the GPS technique provides this
capability due to continuous satellite coverage Eldsegui et al., 1995; finally, the mobility of field
GPS equipment which only requires small surveying teams Segall and Davis, 1997. In summary,
studies of the Earth’s deformation have been widely carried out based on GPS data, especially
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after the dramatic increase in the number of CGPS instruments installed regionally and globally
around the world.

In 1993, CGPS data was firstly used by Bock et al., 1993 and Blewitt et al., 1993 for the
Southern California Permanent GPS Geodetic Array (PGGA) to estimate the co-seismic
displacements resulting from the Ms 7.5 Landers, California earthquake on 28th June 1992.
Bock et al., 1993 used ten weeks of PGGA data to demonstrate the possibility of using GPS data
to detect the seismic deformation before, during and after the earthquake. They showed that there
was no pre-seismic displacement, remarkably consistent co-seismic displacements at all PGGA
stations, and post-seismic displacement at one PGGA station. Blewitt et al., 1993, then
confirmed the results of Bock et al., 1993, through the detection of pre-seismic, co-seismic, and
post-seismic displacements with millimeter precision by analyzing IGS data over three months.
Consequently, many individuals, institutions, and geodetic agencies have established CGPS
stations around the world which are coordinated by the International GNSS service (IGS). The
IGS network is being used to routinely monitor the Earth's deformation and many significant
achievements have increased the growth in the research into long-term monitoring of land
movements with GPS. Since then, with the advent of the production of GPS satellite and receiver
clock products as individual products, the methodology of Precise Point Positioning (PPP) has
also been enabled in many software packages to provide three-dimensional absolute positions
with a high-level of accuracy based on the introduced satellite orbit and clock, and the Earth
Rotation Parameters (EOP) products.

In general, both of the methodologies of double-difference relative positioning and PPP can be
employed for the long-term monitoring of land movements, but they depend entirely on the
availability of consistent and homogeneous precise satellite orbit and clock, and EOP products
over certain periods of time. In addition to the space geodetic techniques of SLR, VLBI, GPS,
and DORIS, remote sensing technologies like Interferometric Synthetic Aperture Radar (INSAR)
and Light Detection and Ranging (LIDAR) techniques (terrestrial, airborne, and satellite) have
also taken on a significant role that cannot be ignored in the investigations of Earth’s
deformations . See Chang et al., 2007, Sousa et al., 2010, and Wei et al., 2010 for InNSAR
technique, and Kayen at al., 2006, Muller and Harding, 2007, and Jian-Qing and Ting-Chen,
2010, for LiDAR technique.

This study addresses major global and regional studies of the earth’s deformation which
represent one of the main and essential applications in geodesy. The role of the CGPS
measurements in this application will be highlighted and discussed for modeling global and
regional plate motions; and modeling Glacial Isostatic Adjustment.

2. DEFORMATION of the EARTH: A BRIEF INTRODUCTION

The plate tectonic theory divides the Earth's lithosphere into a number of rigid plates (eight
major and many minor plates) based on data from paleomagnetics, which is the study of the
observations of the Earth’s magnetic field, and seismological studies DeMets et al., 2010.
Furthermore, both the continental drift and sea-floor spreading hypotheses contributed to the
development of the theory of plate tectonic. These tectonic plates continually move relative to
one another at one of three kinds of plate boundaries: convergent; collisional; or transform.

In general, geologists and geodesists classify the Earth’s crustal deformations under two terms,
global and regional deformations. The global deformations stand for all of the kinds of
deformations that occur on very large areas like tectonic motions, whereas, the regional
deformations involve smaller areas like plate boundaries. Under this concept, both the
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deformations of continents and sea-floor movement, which correspondingly result from the
continental drift and sea-floor spreading hypotheses, can be presented as global deformations. In
general, the tectonic motions which cause global deformations lead to regional deformations
which occur along plate boundaries, such as: earthquakes; faults; volcanoes; and oceanic trench
formation Prawirodirdjo and Bock, 2004.

In the past, many global plate models were developed to describe plate motions, see Larson et
al., 1997. In general, these models were based on data of spreading rates, transform fault
azimuths, and earthquake slip vectors, which represent an average over a long-period of time
DeMets et al., 1990. For more than two decades, many global plate motion models have then
been developed to describe the current plate motions (see the UNAVCO website
(http://www.unavco.org/unavco.html) which provides the latest models with their associated
reference frames).

3. GLOBAL PLATE MOTION MODELS

Global plate motion models have shown great success in the interpretation of large scale plate
motions. The global plate motion models are classified into two types, absolute plate motion
models and relative plate motion models. These global plate motion models, in general, are
realized using different methods, such as No-Net-Rotation (NNR) frame, hotspot data, and space
geodetic measurements like VLBI, SLR, DORIS and GPS. However, such space geodetic
techniques have also been used in the recent decade to observe the velocities of globally
distributed CGPS stations for the estimation of the rotation vectors of rigid plates. The
combination between the global plate motion model and any of these methods leads to a
geophysical kinematic model that can describe the rigid plates’ motion over a period of time
(based on the used method) Larson et al., 1997.

Absolute plate motion models define the plate motions with respect to the Earth’s deep interior
(mesosphere). In contrast, relative plate motion models describe the plate motions with respect to
an arbitrary fixed tectonic plate. Generally, these models can be formed based on various kinds
of data, for instance, geological seismic data and conventional or space geodetic measurements;
where space geodetic measurements can be effectively employed to obtain relative velocity
estimates to sufficiently high precision over long-base lines.

One of the main initial global plate motion models that represented the basis for developing more
recent models was NUVEL-1. This model, which has been widely used, was developed by
DeMets et al., 1990. It depends on earthquake slip vectors and the average transform fault
azimuths and spreading rates for the last 3Myr to predict tectonic plate velocities and provide the
absolute angular velocity vectors for thirteen tectonic plates. DeMets et al., 1994 recalibrated the
NUVEL-1 model based on the latest amendments to the geomagnetic reversal time scale at that
time. They found that by multiplying the NUVEL-1 angular velocities by a calibration factor
(0.9562), results comparable with other rates of motion, especially those estimated based on the
space geodetic measurements, were obtained. They pointed out that the motion rates for
NUVEL-1A are faster on average by only 2% when compared to space geodetic measurements,
whereas they were faster by about 6% with NUVEL-1 model.

The models NUVEL-1 and NUVEL-1A reference the plate motion to a No-Net-Rotation (NNR)
frame to create a geophysical kinematic model (NNR NUVEL-1 and NNR NUVEL-1A) that can
be used to describe the plate motions at any epoch over millions of years. In the NNR frame, the
angular velocities for each plate are calculated with respect to the average of angular velocities
for all plates. NNR NUVEL-1A model was widely used inthe 1990s, but it has some
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weaknesses. Drewes and Angermann , 2001 stated that the NNR NUVEL-1A model does not
meet the condition of NNR for two reasons. Firstly, it can be used effectively to describe the
plate motions over the last 3 Myr but is not valid for the present time, which can yield biased
velocity estimates for some plate pairs due to the continuous change in their speed and direction,
for example the Nazca-South America plates Angermann et al., 1999. Secondly, the NNR
NUVEL-1A model cannot be considered as a full global model due to lack of coverage for some
zones, like the Mediterranean, the Pacific belt, and Japan. For these two reasons, Drewes and
Angermann, 2001 computed two different kinematic models based on space geodetic
observations to estimate the angular velocities for globally distributed stations. The first model,
was called the ITRF2000 kinematic model, and was based on using 405 ITRF2000 station
velocities to estimate the motion of eleven major plates. While for the second kinematic model,
which was called Actual Plate Kinematic Model (APKIM), they combined the space geodetic
observations from SLR, VLBI, and GPS to compute 279 station velocities and estimate the
velocity vectors (Euler vectors) for twelve tectonic plates. Both of these models were constrained
to no-net-rotation.

In addition to the NNR NUVEL-1A deficiencies referred to by Drewes and Angermann, 2001,
Sella et al., 2002 mentioned that the NNR NUVEL-1A may also be biased due to insufficient
kinematic data, for example the relative motion of America with respect to the Pacific plate,
DeMets and Dixon, 1999 and the relative motion of the Caribbean plate with respect to the
North and South American plates Pérez et al., 2001. Furthermore, Sella et al., 2002 pointed to
the existence of systematic errors in the NNR NUVEL-1A model as a result of depending on
sea-floor spreading rates which are calculated from sea-floor magnetic data that do not reflect the
full plate rate as a result of tectonic complexities. They developed a new global plate motion
model for REcent plate VELocities (REVEL) based on CGPS data over the period January 1993
to December 2000 to estimate the relative velocities for 19 plates and continental blocks with
respect to ITRF97 Sella et al. , 2002. For this effort, GIPSY OASIS Il V.5.0 was used for PPP
with non fiducial GPS satellite orbit and clock products from JPL Zumberge et al., 1997.
Moreover, they assessed the plate rigidity though the use of strict and autonomous estimates for
CGPS velocity errors which are propagated to the relative angular velocity estimates.
Prawirodirdjo and Bock used a methodology similar to Sella et al., 2002 to develop a global
plate motion model. They analyzed CGPS observations from 106 globally distributed stations
over the period from January 1991 to July 2003 to estimate velocities for seventeen major and
minor plates. They aligned their solution with IGS00, the IGS realization of ITRF2000
Altamimi et al., 2002. Based on a seven-parameter similarity transformation and they applied a
no-net-rotation condition. This is due to the fact that the latter (ITRF2000) maintained a no-net-
rotation condition through aligning its orientation time estimates to NNR NUVEL-1A Altamimi
et al., 2003. In addition, the semi-annual and annual effects, as referred to by Nikolaidis, 2002
which were not considered by Sella et al., 2002 modeled to improve the precision of the CGPS
velocity estimates.

Most recently, DeMets et al., 2010 presented a new global geological model, called MORVEL,
to describe the angular velocities for twenty five tectonic plates. The MORVEL model combines
two kinds of data: it depends on sea-floor spreading rates and fault azimuths data to provide the
angular velocity estimates for 19 plates surrounded by mid-ocean ridges, including all major
plates; and CGPS station velocities and azimuthal data for six smaller plates. In general, the
MORVEL model is more useful than NUVEL-1A as it includes many small plates which are not
included in NUVEL-1A, especially in Asia and the western Pacific. Thus, the MORVEL model
is recommended to be used for studying the Earth’s crustal deformation in these areas.
Furthermore, DeMets et al., 2010 stated that significant differences can be observed between
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NUVEL-1A angular velocities and MORVEL angular velocities. Generally, they pointed that the
historical description of the current plate motion that can be estimated by the MORVEL model is
more accurate than when using the NUVEL-1 and NUVEL-1A models. This conclusion was
realised based on carrying out least-squares differences between angular velocities estimated
from GPS observations and those for the MORVEL, NUVEL-1, and NUVEL-1A models, with
the MORVEL angular velocities being nearer to those estimated from CGPS.

Another recent model is GEODVEL 2010 which has been released by Argus et al., 2010. This
model was determined based on space geodetic observations from SLR, VLBI, GPS, and DORIS
data. The relative angular velocities of eleven major tectonic plates were estimated
simultaneously assuming that the earth’s center is fixed in ITRF.

4. PLATE MOTION STUDIES BASED on GPS DATA

Time series of regionally or globally distributed geodetic network based on observations
obtained with GPS have been employed for investigating different-scales of geophysical
phenomena. For example, Dixon et al. 1991 estimated the Pacific-North American plates
relative motions based on GPS observations from campaigns carried out in 1985 and 1989 in the
Gulf of California. In addition, this relative motion was estimated based on VLBI by Argus and
Gordon 1991a. and in the global plate motion models NUVEL-1 and NUVEL-1A DeMets et
al., 1990, DeMets et al., 1994. Argus and Gordon 1991b showed that the Pacific-North
American relative plate motion based on VLBI is faster than the relative motion predicted by
NUVEL-1. Afterward, Dixon, 1993 estimated the Cocos-Caribbean plates relative motion using
GIPSY software based on the GPS observations from central and south America campaigns
carried out in 1988 and 1991 for the Cocos-San Andres baseline and Cocos-Liberia baseline
(Cocos Island on the Cocos plate and San Andres Island and Liberia on the Caribbean plate).
Since July 1992, when the nominal 24-GPS satellite constellation was completely realised, many
geodynamics investigations have been carried out based on GPS observations. Some of the
applications of such data were demonstrated initially by Blewitt, 1993 who studied the
development stages of the GPS user hardware from the early 1970s to the early 1990s.
Furthermore, Blewitt 1993 highlighted methods of assessment of GPS precision and accuracy
which focused on repeatability of the coordinate estimates, comparison with other coordinate
estimates from different space geodetic techniques, like VLBI and SLR, and the use of statistical
analysis. Additionally, Blewitt, 1993 detailed the precision, technique and network scale and
density required for each geophysical application, (see Table 1) Blewitt, 1993.

Argus and Heflin 1995 used the CGPS data for 43 globally distributed stations over four years
to estimate fifteen relative angular velocities between six major plates, and the relative motion
between the plate boundaries at ten sites in plate boundary zones. They showed that the relative
angular velocities between six major plates based on GPS data differ slightly from the
corresponding relative angular velocities predicted from NUVEL-1A, which is based on average
plate motion over the last 3 Myr. Furthermore, they concluded that the Pacific-Eurasian and
Pacific-North American relative motions are faster than the corresponding relative motions
predicted by NUVEL-1A. Thus, they supported the Argus and Gordon, 1991b inference that
based on VLBI that the Pacific-North American relative motion has sped up over the past 3Myr.
The first effort to estimate the Antarctica plate motion based on space geodetic data was carried
out by Larson and Freymueller, 1995. Three years of CGPS observations were used in this
effort to estimate the angular velocities for seven IGS sites on the Australian, Pacific and
Antarctica plates. They showed an agreement between their solution and the angular velocity
predicted from the NNR NUVEL-1A kinematic model. Larson et al., 1997 carried out a similar
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effort to that of Argus and Heflin, 1995 but with more sites, more tectonic plates, and a longer
time series. They estimated velocities for 38 globally distributed sites, based on analyzing one
day per week of the CGPS observations collected over the period of time, from January 1991 to
March 1996. They used the estimated station velocities to compute eight absolute angular
velocities for eight tectonic plates and twenty eight relative angular velocities, and found an
agreement within 95% confidence between the absolute angular velocities based on GPS with
those predicted from NNR NUVEL-1A, except for the Pacific plate. In addition, an agreement
was found between the relative angular velocity based on GPS for each plate pair with the
corresponding one predicted from NUVEL-1A, except for some of those associated with the
Pacific plate. To prevent aliasing systematic errors in the estimated station velocities which
increases the complexity of the tectonic interpretations, Larson et al., 1997 emphasized the
necessity of analysing time series which are built on consistent, homogenous and precise data
over the entire period of time. Consequently, they used the same models and strategies for this
effort, see table 2, Larson et al., 1997.

Segall and Davis 1997 surveyed the capability of employing the GPS technique for geophysical
investigations to observe a wide range of different geophysical phenomena e.g. seismology,
hydrology, volcanology, tectonic plate motion and Earth’s crustal deformation at plate
boundaries, and deformation related to Glacial Isostatic Adjustment (GIA), Earth rotation, and
Earth mass distribution.

Regarding the combination between GPS and other geodetic techniques, in the early 1990s, the
geophysical applications of radar interferometry gained massive attention. Massonnet and Feigl,
1998 reviewed the geophysical applications that were published before 1998 and stated that the
majority of the publications dealt with the geophysical monitoring of natural risks caused by
earthquake, volcanoes, and glaciers. In addition, they presented some case studies of monitoring
natural risk and environmental alterations related to landslides, subsidence, and agriculture

In recent years, space geodetic techniques have been employed in conjunction with the
Interferometric Synthetic Aperture Radar (InSAR) technique (terrestrial, airborne, and satellite
InSAR), to become a reliable means for monitoring the Earth’s deformations. Airborne and
satellite INSAR imagery can be used effectively to generate maps of deformation or digital
elevation models based on two or more SAR images which cover the area of interest. Typically,
this technique can be used to observe rapid centimetre-level changes in deformation for
thousands of points in a relatively small area, while the GPS technique gives long-term stability
and better temporal coverage , Wei et al., 2010. Zerbini et al., 2007 stated that the main point
from the combination between space geodesy techniques and INSAR technique is to complement
the weaknesses of each technique through the strengths of the other technique.

5. GLACIAL ISOSTATIC ADJUSTMENT STUDIES

Over hundreds of thousands of years, a cycle of alternating glacial and interglacial conditions has
happened as a result of the Earth’s climate change with a periodicity of the order of 105 years. In
the duration of a glacial period, the ice sheets grow at higher altitudes, due to low temperatures
that lead to removal of water from the ocean basins and relative sea-level (RSL) falls. On the
contrary, during the period of interglacial conditions, several of these ice sheets are melted,
which leads to a return of water to the ocean basins and additional changes in the RSL because
of the Earth’s crustal deformation under the load of ice and water and the change in the
gravitational potential of the Earth—ocean-ice system Lambeck, 2004. This periodic movement
of water over the Earth’s surface acts like a load upon the Earth’s lithosphere. Consequently, the
Earth’s crust is deformed in response to the action of these forces. Earth’s deformations caused
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by the change in ice-mass loading, are known as Glacial Isotactic Adjustment (GIA) or post-
glacial rebound. GIA is defined, conventionally, as the global response of the solid Earth to the
ice-mass redistribution that occurred during cycles of glaciation and deglaciation Whitehouse,
2009. The speed of this response is variable based on the viscosity of the mantle.
Many geophysical studies have been carried out on GIA to realize how this process can be
modelled and understand the horizontal and vertical crustal deformations, and the changes in
sea-level and the volume of the ice sheets, during the last glacial cycle Peltier, 1998.
Furthermore, GIA involves changes in pole motion and Earth rotation Mitrovica et al., 2001.
For more than three decades, many studies have been achieved successfully for numerical
modelling of GIA, especially in North America, Europe, and Australia.
These numerical models have shown great success in representing GIA, especially after the
introduction of additional constraints which have been made on GIA models, such as: absolute
gravity (AG) measurements Larson and van Dam, 2000, and Lambert et al., 2001; geological
sea-level records Lambeck, 2004; tide gauge records Teferle, 2003; and space geodetic
measurements Blewitt, 1993. The latter playing a major role in providing a precise description to
the structural features of the Earth’s interior.
One of the initial projects established in support of this purpose was the BIFROST project
(Baseline Inferences for Fenno-Scandinavia Rebound Observations, Sea-level, and Tectonics).
This project was initiated in 1993 to detect the Earth’s crustal deformations in Fenno-
Scandinavia due to GIA. This project combines networks of CGPS receivers in Sweden and
Finland. Johansson et al. 2002 compared horizontal and vertical crustal deformations based on
the BIFROST CGPS results over the period from 1993 to 2000, to predictions calculated from a
high-resolution Fenno-Scandinavia deglaciation model proposed by Lambeck et al., 1998. They
obtained an agreement in the order of 1 mm/yr between the maximum observed uplift rate and
maximum predicted uplift rate, which is approximately 10 mm/yr.
Since 2002, such accurate GIA models (global and local scales) have become increasingly
required by the Gravity Recovery and Climate Experiment (GRACE) satellites mission. GRACE
data have been used to investigate exchange between the ice sheets and ocean basins’ water, but
this application requires accurate GIA models to detect signals of the horizontal mass
distribution. Unfortunately, GIA models are uncertain, owing to a lack of sufficient constrains
for the past glacial changes, and a lack of available measurements of surface velocities in the
Polar regions. For these reasons, space geodetic measurements can be used to improve
constraints on global and local GIA models, especially local GIA models which are formed
based on specific ice distribution and lithosphere depths that can be estimated effectively using
accurate CGPS measurements. Johansson et al., 2002 pointed to the urgent need for a dense and
robust CGPS network for obtaining accurate horizontal and vertical velocity estimates in order
to observe the Earth’s deformations.
Some studies have also been carried out on the greenland ice sheet. Wahr et al., 2001, Dietrich
et al., 2005 and Wahr et al., 2001 studied vertical crustal motion of the Greenland ice sheet,
using vertical velocities based on CGPS measurements taken at stations Kellyville and Kulusuk.
For this effort, GIPSY OASIS Il V.5.0 was used for PPP Zumberge et al., 1997, with GPS
satellite orbit and clock products generated by the JPL AC based on analysing more than 40
globally distributed stations. These studies compared the vertical velocity estimates based on
CGPS measurements with the corresponding estimates from absolute gravity observations and
showed that these vertical velocity estimates are associated with the ongoing viscolelastic
response of the Earth to changes in Greenland’s ice mass. Later, Khan et al., 2008 expanded the
study carried out by Wahr et al. 2001, by taking account of seven more years of CGPS
measurements at Kellyville and Kulusuk and including three additional CGPS stations
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(Qagortoq, Scoresbysund, Thule). The daily coordinates for these sites were again calculated
based on GIPSY OASIS II’'s PPP strategy Zumberge et al., 1997. They found the vertical
velocity estimates for Kellyville and Kulusuk differed from the estimates of Wahr et al., 2001
and gave the reasons of using a different reference frame realisation and different models. In the
meantime, Dietrich et al., 2005 studied vertical crustal deformation in the west of Greenland by
analyzing GPS measurements which were taken over a period from 1995 to 2002 at 10 locally
distributed GPS stations in the area of interest; BSW5.0 software with double-difference strategy
was used for this effort. They strongly emphasized the necessity of using consistent and
homogeneous time series of GPS satellite orbit and EOP products to generate equivalently
homogeneous station coordinate time series; a homogeneity that can only be reached when
applying unique standards (models and reference frame) over the whole of the period of interest.
Consequently, Dietrich et al., 2005 stated that using the IGS products during the period under
consideration would result in inhomogeneous results due to using different standards, so, they
used the GPS satellite orbit products and EOPs from a first reprocessing of the global GPS
network Rothacher et al., 2004.

In addition, many studies have been carried out to investigate the isostatic rebound to resolve the
vagueness concerned with Antarctic deglaciation and enhance the uncertainties associated with
velocity changes and lithosphere thickness. Velicogna and Wahr 2002 showed that when
adding CGPS measurements, vertical velocity estimates taken near or around the ice
accumulation centers have noticeable effect on the improvement of the ice mass balance
estimations and the postglacial rebound generated based on a combination of space-based
observations of the gravity and altimetric height.

Raymond et al., 2004 analyzed the CGPS measurements taken over the period between
November 1996 and January 2001 at two CGPS stations located in the Northern Transantarctic
Mountains to study the three-dimensional velocity estimates in this area. For this study, they
used GIPSY OASIS Il V.5.0 and the PPP strategy. Zumberge et al., 1997 stated that the uplift
that they estimated was caused by GIA, and that the uplift estimated based on the CGPS
measurements differed from predictions based on the global models of late Pleistocene
deglaciation ICE-3G .Tushingham and Peltier, 1991, ICE-4G ,Peltier, 1994, and Dietrich et
al., 2004 analysed CGPS measurements from more than 20 stations distributed in Antarctica
between 1995 and 1998 using BSW4.2 software to provide a regional densification solution for
the ITRF2000. As they focused on the deformation of the Antarctic Peninsula, the estimated
GPS stations velocities showed that the relative motion between the east and west of Antarctic
does not exceed 2 mm/yr in the horizontal, with maximum uplift rates of about 10 mm/yr in the
Northern Antarctic Peninsula. They also stated that even if the deformation signals are relatively
small in the horizontal components, the GPS observations still provide constraints for GIA
models.

Ohzono et al., 2006 analyzed CGPS measurements taken from 9 IGS stations distributed around
Antarctica between 1998 and 2003. They used precise satellite orbit and clock, and EOP
products provided by JPL to carry out a PPP processing strategy in GIPSY/OASIS Il Zumberge
et al., 1997. Their PPP horizontal components, which were referred to ITRF2000 and presented
as coordinate time series, showed that the Antarctic plate motion can be explained as a rigid plate
motion. While their vertical velocity estimates from most of processed sites appeared to be an
effect of GIA. Furthermore, they concluded that none of the current GIA models could
effectively reproduce their results for vertical crustal movement.

More recently, the level of uncertainty in the surface displacement (3-dimention) for the current
local GIA models for Greenland and Antarctica ice sheets have been demonstrated by King et
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al., 2010 who stated that improving GIA modeling necessitates massive effort due to the very
short time period of the CGPS measurements.

In summary, with the advent of modern space geodetic techniques (SLR, VLBI, GPS, and
DORIS), GIA has become observable along with other geodynamic signals which come from the
changes in the Earth’s global gravity field, variation in the Earth’s rotation rates, and the
geocentre motion Chao et al., 2000.

6. SUITABILITY OF GNSS FOR MONITORING OF THE EARTH'S DEFORMATION

One of the most significant current discussions in the crustal deformations studies is the
application of GNSS to long-term monitoring of land movements. In general, this application is
based completely on producing daily time series of the changes in positions of stations over a
period of time. In recent years, the methodologies of double-difference relative (DD) or precise
point positioning (PPP) have been used to investigate horizontal and vertical land movements at
the millimeter level, and this has been referred to in the review of literature mentioned in this
paper. However, these methodologies depend entirely on the availability of satellite orbit and
clock, and Earth orientation parameter (EOP) products that are precise, homogeneous and
consistent over such a period of time. Consequently, any lack in the accuracy, homogeneity, and
consistency of these products will be an obstacle to employ GNSS for monitoring the land
movements.

The International GNSS Service (IGS) represents the main source of post-mission, precise
satellite orbit and clock, and EOP products. Since its beginning in June 1992, the IGS has
provided high quality observation data and an uninterrupted series of its products as the standard
for GNSS in support of Earth science research, multidisciplinary applications, and education.
Table 1 summarizes the GPS satellite products currently available through the IGS
(http://igscb.jpl.nasa.gov/components/prods.html).

The IGS is continually trying to improve their products and gain a higher-level of accuracy by
implementation of the latest and most sophisticated approaches for modeling the atmospheric
delay. For example. in November 2006, significant improvements were made through the
adoption of absolute antenna phase center models for both satellite and receiver antennas and the
use of mapping functions based on numerical weather models, such as the Global Mapping
Function (GMF) for the modeling of tropospheric delay. Furthermore, there have been periodic
changes of International Terrestrial Reference Frame (ITRF), and the subsequent realization of
the IGS reference frame. Figure 1 shows the changes in the used reference frame for the
generation of the IGS final products; on 2nd December 2001 it was changed from 1GS97 to
IGS00, on 11th January 2004 it was changed from IGS00 to IGb00, and finally, on 5th
November 2006, it was changed from IGb00 to IGS05 Teferle et al., 2007.

However, such changes in the realization of the ITRF together with the significant enhancement
of different models and processing strategies considered individually by the IGS Analysis
Centers (ACs) have contributed to inhomogeneous and inconsistent products over time.
Nevertheless, such improvements only really benefit short term applications, such as GNSS
meteorology and future monitoring schemes. Furthermore, the continuous development and
improvement of the processing software employed by the IGS ACs and the changes in the
realization of the reference frame have also played a significant role in the refinement and
improvement of IGS products. Moreover, due to the growing quantity and quality of GNSS
observations and the improvement in the processing strategies which have been witnessed during
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the last decade, further effects had to be considered which were unthought-of in the past.
Accordingly, several studies have pointed out that the accuracy of coordinate estimates can be
adversely affected due to the insufficient modeling of the tropospheric delay, not taking into
account higher-order ionosphere corrections, and applying different loading processes for both
the GNSS product generation and coordinate estimation.

As a consequence, the IGS products are constantly evolving over time. For long-term
monitoring, the ideal would be for such developments to be used to produce improved products
not only for the future but that go back in time. This then enables the re-analysis of older
observation data that has been continuously recorded and archived to obtain improved estimates
of, for example, land movements. Zumberge at al., 1997 mentioned the disadvantage of
constraining different reference frames in the analysis of data from a global network to generate
satellite products. Moreover, they pointed out the future necessity of reprocessing the global data
to overcome the discontinuity problems. Therefore, a strong emphasis has been placed on the
importance of re-analysing the GNSS archived observation data to generate accurate, consistent,
and homogenous precise satellite orbit and clock, and EOP products over a long period of time.
The 1GS made its first effort (reprol) to reprocess all the GPS observation data which were
recorded and archived during the period between 1994.00 and 2007.99 as one of its core
objectives to produce a fully accurate, consistent, and homogenous set of precise satellite orbit
and clock, and EOP products Ray, 2011. IGS reprol campaign was finalized in April 2010
Gendt and Ferland, 2010. Alhamdani 2012 carried out an evaluation of the individual IGS
reprol ACs’ products as well as the IGS reprol combined products. Two techniques were
considered in this evaluation to investigate the consistency and the homogeneity of the re-
processed GPS satellite orbit, clock and EOP products. In the first technique, the 1GS reprol
orbit and available clock products were assessed individually over ten years (1998.0 to 2007),
whereas in the second technique, PPP was considered to assess IGS ACs' products over the same
period. One of the more significant findings to emerge from Alhamadani, 2012 study is that an
obvious improvement in the orbit products over ten years. Moreover, there is high level of
consistency between some IGS ACs. However, Alhamdani, 2102 pointed out that there is a
clear problem and significant deviations in some IGS ACs due to wrong constraints in their
solutions affecting the frame in which the orbit products were estimated. Additionally, the most
interesting finding of Alhamadni, 2012, study was that the reprol products are suitable only for
double difference relative positioning technique and not for precise point positioning (PPP)
technique due to some weaknesses in the satellite clock products.

7. CONCLUSIONS

The long-term monitoring of different parameters of the Earth system, such as the land
movement which is of particular interest in this study, can be carried out through the geophysical
interpretations of coordinate time series derived from Global Navigation Satellite Systems.
However, in the past, such geophysical interpretations could not be trusted owing to the fact that
such time series were inconsistent and inhomogeneous, due to periodic changes in processing
strategies, modeling of the atmospheric delays, parameterization, and the definition of the
geodetic datum. As a result, many of the studies previously carried out have emphasized the
necessity to reprocess all the continuous GPS observation data and produce a fully consistent set
of products using the latest processing strategies, modeling techniques of the atmospheric delays,
and parameterization.
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This paper drew an attention to some of the recent regional and global monitoring studies based
on CGPS measurements. Here, it was interesting to note that in most of the regional
investigations of the Earth’s deformation studies were carried out based on the double-difference
processing strategy to obtain a high level of precision for three-dimensional relative velocity
estimates between stations, whereas the absolute horizontal and vertical velocity estimates for
global networks have been produced very efficiently using PPP processing strategy.
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Tablel. Accuracy and latency of IGS GPS satellite products.

Sample
Interval
Orbits 15 min |~25cm |12-18  |Weekly/ Every
Clocks[30 sec |~ 75 ps* [(days Thursday

Orbits 15 min |~2.5cm [17-41  |Daily/at 17 UTC
Clocksb min  |~75ps* |hours (daily

IGS product types Accuracy |Latency (Update

Final combination

Rapid combination

Orbits |15 min |~3 cm
i Observed half . 3-9 hours|4 tim r
Ultra-rapid Clocks15 min |~150 ps* times per day at
L - - - 03, 09, 15, 21
combination |Predicted Orbits (15 min |[~5cm Real
- . UTC
half Clocks|15 min [~3 ns*  [time
* Root Mean Square (RMS).
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ABSTRACT

The permanent deformation of flexible pavement represent serious problem in hot climate region.
Numerous efforts are devoted to mitigate this distress such as modifying asphalt binder by polymers.
The present study demonstrate the effect of utilizing four types of polymers to reduce the permanent
deformation, these polymers are Polyethylene Wax (PEW), Styrene Butadiene Rubber (SBR),
Ethylene Propylene Dien Monomer (EPDM) and Ethylene Vinyl Acetate (EVA). The prepared
mixtures composed of 4.9 % of 40/50 asphalt binder, 12.5 mm nominal aggregate maximum size
and limestone dust as filler. The permanent and resilient strains have been recorded when the
cylindrical specimens, 101.6 mm in diameter and 203.2 mm in height, tested by repeated loading
system. The main conclusions exhibit that SBR and EPDM with the same concentration (15 % by
weight of asphalt binder) reduced the permanent deformation by 30.20 % and 30.46 % respectively.
Although, the PEW and EVA reduced permanent deformation by lower values, 13.24 % and 17.35
% respectively, but the incremental percentage of their action are higher. The influences of testing
temperature and stress level on permanent deformation were investigated. Linear regression model
was established to correlate the values of permanent deformation and the resilient modulus of
asphalt mixtures.

Key words: asphalt pavement, permanent deformation, polymers, resilient modulus
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1. INTRODUCTION
Generally, polymer modified asphalt binder are become more widespread in road construction to
meet today’s high traffic loading. Furthermore, many efforts are devoted toward modifying asphalt
mixtures by various types of polymers to enhance the resistance of asphalt paving to high and low
temperatures consequences, allowing reduction in common failure mechanisms as rutting and
cracking.
Permanent deformation termed as rutting is one of the most considerable load-associated distress
types affecting the performance of asphalt concrete pavement, Alavi, et al., 2011.
Based on comprehensive survey carried out by Federal Highway Administration in 1998, rutting
was considered to be the first ranking distress mechanisms in flexible pavement, followed by fatigue
cracking and then by thermal cracking , FHWA, 1998.
The research conducted by Pardhan, 1995, depicted that rutting usually appears as longitudinal
depression in the wheel path accompanied by small upheavals to the side. Kaloush, 2001, revealed
that repetitive action of heavy traffic loads caused an accumulation of permanent deformations in
asphalt pavement.
An extensive work in this field has been carried out by Sousa, et al., 1991, they reported that
permanent deformation expressed by rutting occupied a major concern for at least two reasons; ruts
trap water and hydroplaning which represent threat particularly for passenger cars, and ruts that
develop in depth make steering increasingly become difficult, leading to major safety concerns.
Mirzahosseini, et al., 2011, as well as many other researchers deduced that rutting decreases the
useful service life of the pavement and by affecting vehicle handling characteristics; it creates
serious hazards for highway users, consequently, it can decrease drainage capacity of pavement
structure resulting in accumulation of water. Another negative effect of permanent deformation as
declared by Bahuguna, 2003, is the reduction of pavement thickness, which boosts the occurrence
of pavement failures through fatigue cracking.

1.1 Objective of the Study

This study tends to characterize the role of utilizing different types of polymers in order to improve
the resistance of asphalt mixtures against permanent deformation. For this purpose, four types of
polymers have been added by different concentrations to the asphalt binder to compose mixture that
will be tested under repeated loading system to record the permanent deformation. These synthetic
polymers are Polyethylene Wax (PEW), Styrene Butadiene Rubber (SBR), Ethylene Propylene
Dien Monomer (EPDM) and Ethylene Vinyl Acetate (EVA).

2. REVIEW OF LITERATURES

Basically, polymer is a long string (or net) of small molecules connected together through chemical
bonds. The chain connectivity of the polymer can give the chain great strength and at the same time,
they can be very flexible, Hakseo, et al., 2012.

Vonk and Valkering, 1996, conducted laboratory track test to determine the effect of Styrene
Butadiene Rubber (SBR) addition on rutting resistance at 40 °C and 50 °C; their work results
deducted that unmodified asphalt mixture has higher rutting rate comparing to SBR modified asphalt
mixtures. Arnold and Pidwerbesky, 1996, performed testing to evaluate the SBR modified asphalt
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rutting, the SBR was mixed with an optimum asphalt content of 6 % by total mix weight, the mix
was applied at four different sections by different residual rate of asphalt and the results remarked
that flushing is less in the section where less asphalt cement has been used.

According to Boza and Gallegos, 2009, the addition of 1.0 and 2.0 percent of high density
Polyethylene (HDPE) to asphalt binder is not able to modify the mechanical behavior of asphalt
mixture effectively. Ahmadinia, et al., 2012, used polyethylene terephthalate; the appropriate
amount of polyethylene terephthalate was determined to be 4.0 to 6.0 percent by weight of asphalt
binder content, however, the result of the study indicated that modified mixture had lower trend to
rut when compared to the non- modified asphalt mixtures.

The research published by US Army Corps of Engineers, 2011, pointed out that for optimal
economy; it is desirable to choose an asphalt modifier that resists multiple distresses such as rutting,
it was found that the choice of polymer might have significant impact on rutting properties and that
mixtures boasting the highest rutting life contained reactive Styrene-Butadiene cross linked
polymers. Research carried out by Kumar and Veerara, 2011, conformed the improvement in
rutting resistance due to modify the asphalt concrete by Styrene Butadiene Rubber.

Ganesh, et al., 2011, monitoring the behavior of asphalt mixture at varying temperatures from 30°C
to 50°C in steps of 5°C, they depicted that the performance of modified binders in the asphalt
concrete mixtures is superior than plain binders, hence, the use of modified binders in the asphalt
concrete mixtures increases the life of the pavement during adverse climatic conditions.

The work conducted by Pareek, et al., 2012, demonstrated the results of elastic recovery and rutting
resistance of mixtures modified by Styrene Butadiene Rubber, they founded that modified mixtures
have a 79 percent increase of elastic recovery and 54 percent increase of rutting resistance.

Xu, et al., 2010, investigated the effect of EPDM on rutting properties of asphalt mixtures; the
results showed that asphalt binder with 3.5 percent of EPDM had the lowest rutting depth after 2500
cycles of load repetitions, which is reduced by 32.56 percent in comparison with unmodified
mixtures.

EVA polymer has been widely used in the road construction industry for more than 40 years, where
it improves both the workability of the asphalt during compaction and its deformation resistance in
service. EVA polymers significantly improve the bitumen properties but to a different extent
depending on the bitumen source and the polymer characteristics , Haddadi, et al., 2008.

The results of experimental work conducted by Ahmed, 2012, revealed that polyethylene with its
optimum content of 5 percent by weight of binder is a useful modifier for increasing the stiffness of
asphalt concrete and confer additional pavement stability at elevated temperatures to minimize
rutting.

3. MATERIALS AND METHODS OF TESTING

3.1 Asphalt Mixtures

Essentially, all of asphalt mixtures materials were assiduously brought from locally well known
sources. Concerning the asphalt cement binder, it was originally brought from Al-Daurah refinery
and has 40/50 penetration grade, which is recommended to be used in hot region. The common test
results are summarized in Table 1.

Regarding aggregates portion, the conventional source for the coarse aggregate was Al-Nibaee
quarry while Karbala province was the exporter for both of river sand and limestone dust that was
servant as mineral filler. For appropriate production of dense asphalt mixtures, the mid limit
gradation selection is consent with the recommended values offered by SCRB R/9, 2003. It was
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established to use the 12.5 mm nominal aggregate maximum size, which is suitable for wearing
course pavement.

The demonstration of available characterizations of aggregates and mineral filler are listed in Tables
2 and 3 respectively whilst the gradation path selection and sieve analysis are summarized in Table
4 and portrayed in Fig.1.

3.2 Polymers

The SBR and EPDM polymers have been brought from Babylon Tires Factory in Al-Najaf province,
while the source of the PEW and EVA polymers was the State Company for the Petrochemical
Industries in Basra. Fig.2 display samples of these polymers.

Based on previous studies mentioned in literature review, the quantity of polymers blended with
asphalt cement hold constant by three categories with different concentrations, thus, the PEW and
EVA have been added by 2, 4 and 6 percent of asphalt cement weight and for SBR and EPDM the
percent became 5,10 and 15.

The specified percent of polymer was mixed with toluene in a flask (500 ml vol.) by the ratio of
1gm/1 ml and placed in air for approximately 24 hours. This procedure increased the polymers
digestion and swelling as well as decreased the time of mixing. The homogenous slurry was added
to the heated asphalt and mixed using an electrical stirrer at 1200 r.p.m for one hour at
approximately 180 °C.

The first phase of asphalt mixture preparation involved: washing, drying, separating and recombined
the aggregates particles with limestone dust to obtain the required gradation. Subsequently, both of
aggregates and asphalt modified cement were heated to suitable mixing temperature, in this case, the
mixing temperature was relatively high (160 °C, due to the presence of polymers substances) .

The binder content was held constant by 4.9 percent of total mixture weight throughout the forming
of asphalt mixtures specimens. Each cylindrical testing specimen has dimensions of 101.6 mm in
diameter and 203.2 mm in height, which required approximately 3800 g of asphalt mixture raw
materials.

The specimens were compacted by double plunger method with a load of 16600 kg. The load was
applied to each end of the specimen for one minute. Finally, the specimen was carefully transferred
to a smooth and flat surface, allowed to cool by standing it overnight at room temperature and then
removed from the mold using a hydraulic extractor. The specimens were then numbered and placing
in testing chamber for two hours at the desired temperature as shown in Fig.3.

The axial repeated load test was conducted using the Pneumatic Repeated Load System , Albayati,
A.H, 2006. In this test, repetitive compressive loading was applied to the specimen and the axial
deformation was measured under the different loading repetitions. Compressive loading was applied
in the form of rectangular wave with a constant loading frequency of 60 cycles per minute including
0.1 sec loading time and 0.9 sec rest period.

The experiment is commenced by application of repeated axial stress and recording the vertical
deformation. Upon completion of test after 3000 load repetitions or any number for load repetition
when the specimen failed earlier (as demonstrated in Fig.4), the recording is terminated and the
specimen is removed from the test chamber.
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The permanent deformation is expressed as vertical microstrain and calculated by using Eq.(1);

Ep = el 1
P= 1
where;

gp = vertical microstrain, mm/mm

AH = vertical deformation at the specified load repetition, mm

H = original height of the specimen, 203.2 mm

The resilient modulus of asphalt mixture , ASTM D-4123, can be applied as indicator of flexible
pavement ability to resist the harmful effects of high axle loading and elevated temperature
conditions. According to Huang, 2003, the resilient modulus is the elastic modulus based on
recoverable strain in repeated load test and can be expressed by Eq.(2);

Mr = Py @)
where;

Mg = resilient modulus of asphalt mixture, psi

oq = deviator stress, which is the axial stress for unconfined compression test, 20 psi

&, = recoverable vertical strain corresponding to the 200 ™ repetition of load application.

4. RESULTS AND DISCUSSIONS

4.1 Effect of Temperature on Permanent Deformation and Resilient Modulus

The temperature has a significant influence on both of permanent deformation and resilient modulus
of asphalt mixture. As demonstrated in Fig.5 and Fig.6, increasing the test temperature from 40 °C
to 50 °C produce an increase in permanent deformation by 25.8 % and a reduction in resilient
modulus by 40.1 %. These two percentages became 69.2 % and 64.3 % respectively when the
temperature raised to 60 °C. This behavior is quite understood and logically accepted because the
stiffness of asphalt binder is adversely affected by the temperature increasing.

4.2 Effect of Stress Level on Permanent Deformation

One of the most important factor that affect the permanent deformation is the stress level, to put
light on this point, the repeated load test conducted at three stress levels; 10, 20 and 30 psi. The
outcome of the test is portrayed in Fig.7, which clearly shows that increasing stress level from 10 psi
to 20 psi yields mixtures with higher deformation value by 13.8 %, in the same way, the percent of
deformation increase reached 31.8 % as the stress level increased to 30 psi.

4.3 Effect of Polymers on Resilient Modulus

The resilient modulus test of asphalt mixtures have been performed as outlined by Huang, 2003 at
40 °C and by applying stress magnitude equal to 20 psi, the elastic strain recorded at 200 ™ No of
repetitions. Fig.8 depicts the effect of incorporating a specified amount of PEW on the resilient
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modulus, inspecting this figure deliver the message that the maximum resilient modulus occurred at
4.0 % polymer content , furthermore, the total percent of modulus increase reached 3.74 with an
incremental value equal to 0.62 % for each percent of PEW addition.

This behavior is quite similar in the case of SBR usage, herein, adding SBR with a value up to 15 %,
elevate the resilient modulus by 7.39 % and by an incremental value equal to 0.49 % for each 1.0 %
of added polymer, as clearly shown in Fig.9. This improvement in resilient modulus is just similar to
the situation when the EPDM is act as additive, in the same way, and within the range of polymer
dosage, the enhancing percent in resilient modulus recorded 0.46 % for each 1.0 % of EPDM
addition with total percent of increase equal to 6.92 as demonstrated in Fig.10. The justification of
this similarity deduced his credibility from the fact that both of these polymers lie in the same
polymer category of elastomer.The influence of blending asphalt binder with EVA polymer is
portrayed in Fig.11, which declare that, this polymer also increase the resilient modulus by total
amount of 4.64 % and with incremental magnitude of 0.77 %.

4.4 Effect of Polymers on Permanent Deformation

The particular concern of this study is to investigate the role of modifying asphalt binder with
certain polymers in improving asphalt mixture resistance against permanent deformation. The
participations of experimental work devoting to reach this goal are visualized in Figures 12, 13, 14
and 15.

The general remark triggered to mind by observing these figures, is that all of these polymers
succeed in the purpose of permanent deformation reduction, which follow the same path of other
researchers results. Good demonstration of PEW amount influence on microstrain magnitude can be
understood by monitoring Fig.12, as the PEW dosage increased up to 6.0 %, the total microstrain
reduced by 13.24 % with an incremental value of 2.20 % for each one percent of PEW dosage.
Content of Fig.13 display clearly the relationship between SBR and microstrain, as shown;
increasing this polymer concentration from 0.0 % to 15 % caused a decreasing in microstrain by
30.20 %.The value of incremental reduction equal to 2.01%. Fig.14 focus on the role of EPDM
content on microstrain, again, increasing EPDM value up to 15 % reduced the microstrain by total
amount of 30.46 % and by 2.03 % of incremental value. This similarity in results is not surprisingly
as mentioned previously.Fig.15 explicit the effect of EVA concentration increase on the microstrain,
herein, expanding the amount of polymer in mixture spectrum up to 6.0 %, lower the total
microstrain value by 17.35 % with 2.89 % of incremental decrease for each one percent increase of
EVA.

The relationship between the resilient modulus of asphalt mixtures and the permanent deformation
expressed by microstrain can be found as portrayed in Fig.16. By monitoring this figure, it is
obvious that resilient modulus improvement play an important role in enhancing the resistance of
asphalt mixture toward permanent deformation. To support this opinion, a linear regression analysis
conducted to the data displayed in the mentioned figure. As a result, the following empirical
equation has been established:

Ep=14329-30Mgr , R*=0.80 (3)

where;
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ep = vertical microstrain, mm/mm
Mg = resilient modulus of asphalt mixture, psi

5. CONCLUSIONS

It is invariably found that, all four types of polymers used in this study succeed in improving
the ability of asphalt mixture to resist the permanent deformation, however, the degree of
success vary from one type to other. whereas, the SBR and EPDM polymers are sharing
approximately the same value of permanent deformation reduction by 30.20 % and 30.46 %
respectively and at the same polymer content of 15 % by weight of asphalt binder. On other
hand, the PEW and EVA polymers reduce the permanent deformation microstrain by 13.24
% and 17.35 % respectively at the 6 % polymer content.

The resilient modulus of asphalt mixture clearly effected by the participation of polymers as
additives. In other words, incorporating PEW substance into the mixture increased the
resilient modulus by 3.74 % at 6.0 % content of PEW. The SBR and EPDM polymers seems
to be more effective in this activity, their percentages of extended the resilient modulus
raised to 7.39 and 6.92 respectively and at exact 15 % of polymer content. The EVA polymer
exhibit an improvement value equal to 4.64 % at 6.0 % of material content.

Elevating the test temperature from 40 °C to 50 °C produce an increase in permanent
deformation by 25.8 % and a reduction in resilient modulus by 40.1 %. These two
percentages became 69.2 % and 64.3 % respectively when the temperature raised to 60 °C.

Increasing stress level from 10 psi to 20 psi yields mixtures with higher deformation value
by 13.8 %, in the same way, the deformation percent of increase reached 31.8 % as the stress
level increased to 30 psi.

Simple linear regression model has been established to correlate the influence of resilient
modulus on permanent deformation resistance.
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NOMENCLATURE
ASTM = american Society for Testing and Materials

EPDM = ethylene Propylene Dien Monomer
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EVA = ethylene Vinyl Acetate
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gp = vertical microstrain, mm/mm

Journal of Engineering

&, = recoverable vertical strain corresponding to the 200 ™ repetition of load application.

FHWA-=Federal Highway Administration

H = original height of the specimen, 203.2 mm

Mg = resilient modulus of asphalt mixture, psi

0q = deviator stress, which is the axial stress in an unconfined compression test, 20 psi

PEW = polyethylene Wax

SBR = styrene Butadiene Rubber

SCRB = state Corporation of Roads and Bridges

AH = vertical deformation at the specified load repetition, mm

Table 1. The physical properties of asphalt cement.

Test Unit Result Speuflcatlon
Requirement
Penetration (25 °C, 100 g, 5 sec). ASTM D 5 1/10 mm 42 40-50
Softening Point (Ring & Ball). ASTM D 36 °Cc 49 | .l
Ductility (25 °C, 5 cm/min). ASTM D 113 cm 102 > 100
Flash Point (Cleveland open Cup) ASTM D-92 °C 283 >230
Specific Gravity (25 °C). ASTM D-70 1.03
Table 2. The physical properties of aggregates.
Propert Coarse Fine
perty Aggregate | Aggregate
Bulk Specific Gravity, ASTM C-127 and C-128 251 2.64
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Apparent Specific Gravity, ASTM C-127 and C-128 2.54 2.68
Percent Water Absorption, ASTM C-127 and C-128 0.382 0.514
Table 3. The physical properties of limestone dust.

Property Unit Result
Specificgravity | - 2.69
Passing N0.200 % 96

Table 4. The Gradation selection of combined aggregates
Sieve Size | Sieve Opening Specll;‘rlsiattlons Selected
(mm) (SCRB R/9,2003) | ©radation
34 19 100 100
1/2 12.5 90-100 95
3/8 9.5 76-90 83
No.4 4.75 44-74 59
No.8 2.36 28-58 43
No.50 1.18 5-21 13
No0.200 0.075 4-10 7

160




Number 12 Volume 20 December - 2014 Journal of Engineering

L F //3:
=) Upper Limit 1]
5 80 PP /: "/.
7] \ //' -
& 60 Selected ! //
- Gradation i T
S 40 = SAH) Jr]
b~ L1 |
& ////’:///fv/ T
& 20 ] /’d__,_ﬁp— ! \ Lower Limit [
Lan —
O [ 111
TelleTeTe el wn N N O OO o o O oo o
838 & 8 T 2333 8 8 83838883 =
coocoo o o O O ococoo— N o = tnco'l\qxng 8
Sieve Opening, mm
Figure.l Sieve size analysis of combined aggregates.
\
{
| |
Polyethylene Wax (PEW ) Styrene Butadiene Rubber (SBR)
.
|
Ethylene Vinyl Acetate (EVA) Ethylene Propylene Dien Monomer(EPDM)

Figure.2 Samples of the polymers.
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Figure.3 Specimen in the testing chamber.

Figure.4 Specimen at the end of test.
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Figure 6. Effect of test temperature on resilient modulus
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Figure 8. Effect of PEW on resilient modulus
(@ stress level= 20 psi, 200 load repetitions, T= 40 °C) .
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Figure 9. Effect of SBR on resilient modulus
(@ stress level= 20 psi, 200 load repetitions, T= 40 °C).
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Figure 10. Effect of EPDM on resilient modulus
(@ stress level= 20 psi, 200 load repetitions, T= 40 °C).
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ABSTRACT

The research shed light on the historic evolution of Baghdad through its long, expansive
history. The starting point focuses on the geographic characteristics, and the nature of its habitation,
prior to laying the circular plan of Baghdad. Then the research proceeds to cover the stage of
building the round city of Baghdad. The research continue to cover the expansion and sequential
growth across the banks of Tigris river.

A concentrated attention is devoted to analyses the morphological, geographical and above all
the makeup of present day city of Baghdad, pinpointing the apathetic plans, decisions, and actions
which completely disfigured the image, and tradition of the old city of Baghdad, behind the
delusive slogans of “comprehensive development”. From the above ejective acts, the research
problem is formulated as: The gradual dilapidation of major components that recall the historic
image of Baghdad.

The research assumption thus formulated the causes that lead to the disfigurement of Baghdad
historic identity in the consequent plans and policies which gave little or no attention to the historic
developmental formation of the city. From the above assumption, the research goal can be stated as
“Pin pointing the historic path of development to enclose the salient historic features that makes
impact on the present day image of Baghdad.
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The Effect of Age and occupation on the Type and the Number of workers
Injuries in construction sector in lraq

Inst. Dr. Ahmed Mohammed Raoof Mahjoob
Department of Civil Engineering
Engineering College / Baghdad University

ABSTRACT

World statistics proved that the most of work dangerous accidents, which causes death, are
occurred in the construction works. These accidents related to many causes such as loss of
workers experience and ignoring rules of safety requirements, especially young workers. Due to
the risk of accidents that may occur in the site of work, the idea of this study crystallized to show
the relationship between the age of worker and number of injuries and accidents, to identify the
causes of these injuries, and to put the appropriate solutions to avoid or reduce the risk of work
injuries. Also, the research shows the main principles of safety requirements to forming a clear
picture about the subject of the study. A questioner form was prepared to collect the information
and then analyzing it statistically in order to reach to the results and recommendations which
contribute to decrease the occurrence of work injuries in the sites of construction projects.

Key Words: Occupational Safety, Workers Injuries, Types of Injuries, Age of Workers
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