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ABSTRACT

Fatigue cracking is the most common distress in road pavement. It is mainly due to the

increase in the number of load repetition of vehicles, particularly those with high axle loads,
and to the environmental conditions. In this study, four-point bending beam fatigue testing
has been used for control and modified mixture under various micro strain levels of (250 pg,
400 pu€, and 750 p€) and SHZ. The main objective of the study is to provide a comparative
evaluation of pavement resistance to the phenomenon of fatigue cracking between modified
asphalt concrete and conventional asphalt concrete mixes (under the influence of three
percentage of Silica fumes 1%, 2%, 3% by the weight of asphalt content), and (changing in
the percentage of asphalt content) by (0.5% =*) from the optimum. The results show that when
Silica fumes content was 1%, the fatigue life increases by 17%, and it increases by 46% when
Silica fumes content increases to 2%, and that fatigue life increases to 34 % when Silica
fumes content increases to 3% as compared with control mixture at (250 p€, 20°C and
optimum asphalt content). From the results above, we can conclude the optimum Silica fumes
content was 2%. When the asphalt content was 4.4%, the fatigue life has increased with the
use of silica fumes by (50%), when asphalt content was 5.4%, the additives had led to
increasing the fatigue life by (69%), as compared with the conventional asphalt concrete
pavement.
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1. INTRODUCTION
Several distresses hamper the performance of flexible pavements in Irag and result in

premature failure. In flexible pavements, the primary forms of distress are fatigue cracking,
rutting, and thermal cracking. These distresses manifest themselves most of the time due to
construction, material quality, bad maintenance, and incongruous design. Fatigue cracking,
called alligator cracking and associated with repetitive traffic loading, is considered to be one
of the most significant distress modes in flexible pavements. The fatigue life of an asphalt
pavement is directly related to various engineering properties of typical hot mix asphalt
(HMA). It is mainly due to the increase in the number of load repetition of vehicle
particularly those with high axle loads, and to the environmental conditions. The construction
practice and design short comings may also results in shortening of pavement’s life and
increase maintenance cost as well as road user cost. It is vital to find out ways to delay the
asphalt pavement deterioration and increase its service life, Moghaddam et al., 2011. Miller
and Bellinger, 2003, presented pavement distresses and failure mechanisms in Highway
Pavement in their Distress Identification Manual (HPDIM), it was stated that to minimize
asphalt concrete pavements distress there are several ways, which could extent pavement
service life:

= Produce a new binder type with better physical, chemical and rheological Properties.

= Improve the pavements and mix design.

= Improve the construction methods and maintenance techniques.
Modified asphalt is assumed to be one of the most important solutions for pavement distress.
To produce modified asphalt there are several methods and different materials at different
modification level. To reduce the cost of highway construction and maintenance, asphalt
researchers look for alternative additives materials such as silica fumes, fly ash, and lime.
The effect of different types of modifiers to improve fatigue resistance of asphalt pavement is
a field of interest for many asphalt researchers, but efforts concentrated on the fatigue
resistance for asphalt concrete mixtures are scarce. Silica fume is a good alternative of the
most new important commercial materials that are used to improve the properties of asphalt
mixtures and asphalt, Sarsam and AL-Lamy, 2015. Silica fume is one of the materials
which is easy to use and mix with asphalt materials for being too fine; have positive effect on
asphalt cement by reducing its temperature susceptibility, silica fumes exhibit lower,
reduction in the stiffness modulus., Sarsam, 2008 and AL-Zubaidi, 2014.

2. MATERIALS CHARACTERISTICS

2.1 Asphalt Cement

Asphalt cement was obtained from Nasiriya oil refinery; the physical properties are listed in
Table 1.

2.2 Aggregate

Crushed coarse aggregate (retained on sieve No.4) was obtained from AL-Ukhaydir- at
Karbala quarry. Crushed sand and natural sand used as Fine aggregate (particle size
distribution between sieve No.4 and sieve N0.200), was brought from the same source. It
consists of hard, tough grains, free from loam and other deleterious substances. The physical
properties are listed in Table 2.
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2.3 Mineral Filler

The mineral filler is a non-plastic material, mostly passing sieve N0.200 (0.075mm). The
filler used in this work is limestone dust obtained from factory in Holly Karbala governorate.
The physical properties of the used filler are presented in Table 3.

2.4 Silica Fumes

It was manufactured by Wacker Silicon Company in Germany as fluffy powder, and
obtained from local market, Table 4 Shows its physical properties. Plate 1 Shows the sample
of Silica fumes used. It was decided to use silica fumes based on previous work, Sarsam,
2008.

3. TESTING PROGRAM

3.1 Preparation of Modified Asphalt Cement

Modified asphalt was prepared by using the wet process. In the wet process, asphalt
cement has been heated to a 150 °C and then blended with a Silica Fume modifier with
different content (1%, 2 % and 3%by weight of asphalt cement). Such percentages were
based on Sarsam, 2013 work, it was prepared in the laboratory using special manufactured
mixer at a blending speed of about 1300 rpm and elevated temperatures (177-190°C) for 20
minutes to promote the chemical and physical bonding of the components. During the
blending process, the asphalt cement swells and softens as an indication of possible reacts
with Silica fumes. Plate 2 Shows the blending apparatus.

3.2 Preparation of (Flexural Fatigue Beam Test) Specimens

The dimensions of the beam specimen used were 506 mm high, 63£6 mm wide and 400
mm (15.75 in) long according to AASHTO T 321, (2007). The bulk density was 2.2826
Kg/m?3 for every specimen as presented in AASHTO T166, (2010). The aggregate and
asphalt were mixed in mixing bowel on hot plate for three minutes until asphalt sufficiently
coated the surface of the aggregates. The asphalt-aggregate mixture was then subjected to
short term oven aged for 4hrs at temperature of 135 C according to AASHTO PP2. The mix
was stirred every 30 minutes during the short term aging process to prevent the outside of the
mixture from aging more than the inner side because of increased air exposure, then the
asphalt concrete mix was casted slab mold. Tests were conducted at optimum asphalt content
and at asphalt contents of 0.5 percent above, and 0.5 percent below optimum. Specimens for
flexural fatigue testing were prepared using Roller Compactor Device at NCCLR according
to, EN12697-33 ,2003, because this method of compaction simulates field compaction in a
progressive way. A slabs specimen of (400 mm by 300 mm by 50+6 mm) was prepared using
the hot aged asphalt concrete loose mix. The dimensions of the compacted slabs used are 400
mm (15.75 inch) in length and 300 mm (11.8 inch) in width and 60 mm (2.36 inch) in height.
with astatic load was (5 kN) and number of variable passes depended on the asphalt content
in mix (where 20 number use of passes for 5.4% asphalt content, 30 number of passes for
4.9% asphalt content( optimum),and 60passes for 4.4%asphalt content, by trial and error).12
slab samples were prepared, then cut by the Diamond-cutter into dimension previously
mentioned, Plates 3, 4 and 5 give an illustration of compacted and cut samples of slab and
beam. The total number in all test was (24 beams).control mixture (9 beams), and Modified
mixture by using silica fume (15 beams). A total of 36 beam specimens were tested for
fatigue behavior.
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4. DISCUSSION OF TEST RESULTS
4.1 The Effect of Silica Fumes Content on Fatigue Life

Fig.1 depicts the effect of Silica fumes content on fatigue life. From the analysis of the
results, it can be seen that when Silica fumes content was 1% that fatigue life increases by
17%, and it increases by 46%when Fly ash content increases to 2%, and that fatigue life
increases to 34 % when Silica fumes content increases to 3% as compared with control
mixture (250 u€, 20°C and optimum asphalt content). Because the mixture became more
flexibility .it may be related to increasing viscosity and stiffness of mixture.

Based on the data shown in Table 5. It appears that the fatigue life increases by 20%,
115%, and 80% at Silica fumes content 1%, 2%, and 3% respectively, as compared with
control mixture (400 p€, 20°C and optimum asphalt content), and that the fatigue life
increases by 7%, 57%, and 33% at Silica fumes content 1%, 2%, and 3% respectively as
compared with control mixture (750 u€, 20°C and optimum asphalt content).

Generally, increases in micro strain level lead to reduces in the fatigue life value in the
same mixture. For example at modified mix by using 2% Silica fume it can be noted that
fatigue life reduced by 75% when micro strain level change from 250 u€ to 400 p€&, decreases
to 84% when micro strain level increases from 400u€ to 750.

Also we noted that the Silica fume has a significant effect on the fatigue life. The analysis
of the data shown in Table 5. Depicts when Silica fume content change from 1% to 2% that
fatigue life increases by 24% but when Silica fumes content change from 2% to 3% that
fatigue life reduced by 8%. Finally, from the results above, it can be concluded that optimum
Silica fumes content was 2% from fatigue life point of view.

4.1.2 The effect of asphalt content on fatigue life

The effect of asphalt content on modified and unmodified mixture was depicted in Fig.2.
K1 and K2 parameters can be concluded from the data shown in Fig. 2 and Table 6. Failure
criteria implemented was that when the reduction in beam stiffness will reach 50% of its
initial stiffness, the number of loading cycles is considered as fatigue life.

It can be seen that fatigue life increases significantly, because increasing thickness of
asphalt film between aggregate leads to decreases tensile strain at the bottom of layer, Alwan,
2012 and Al-kashaab, (2009)

The analysis of this figure shows when asphalt content decreasing from 4.9 to 4.4 percent the

fatigue life decreases 55% at control mix, it decreases 53% at modified mixture by using
Silica fume, (at 250 p€). While when asphalt content increases from 4.9 to 5.4 percent the
fatigue life increases 53% at control mix, 60% at Silica fume.

Fig. 3 shows the impact of silica fumes on fatigue life of asphalt concrete, when micro
strain level increases the fatigue life decreases significantly. So fatigue life reduces 30% at
control mix, 64% at S.F, when asphalt content increases from 4.9 to 4.4. When micro strain
level change from 250 p€ to 400 p€, and increases by (16%, 8%) at Control mix, S.F,
respectively, when asphalt content increases from 4.9 to 5.4 percent.

Also when micro strain level change from 400 to 750. Fatigue life reduces 13% at control
mix, 22% at S.F, when asphalt content increases from 4.9 to 4.4 percent, and increases by
(19%, 6%) at Control mix, S.F, respectively, when asphalt content increases from 4.9 to 5.4
percent. Table 6 depicts the effect of asphalt content on modified and unmodified mixture in
relation to the fatigue life cycle at different micro strain level. It depicts that when using
Silica fumes, fatigue life increases 50%, as compared with conventional mix ( at 250 p€, at
4.4% asphalt content), the fatigue life increases by 9% when using Silica fume as compared
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with control mix ( at 400 p€, at 4.4% asphalt content).also it increases by 25 using Silica
fume ( at 750 p€, at 4.4% asphalt content). It shows that the difference in the ratios of the
fatigue life at optimum asphalt content 4.9%. The analysis of the figure shows the percentage
of change varying significantly, it can be seen the fatigue life increases 46% when using
Silica Fumes (at 250 p€), it increases by 115% (at 400 u€), at 750 u€ the fatigue life increases
by 40% (All of these ratios were compared with control mix).

Table 6 shows comparative between modified and unmodified mixture toward the
fatigue life at (optimum asphalt content +0.5%, 5.4%). It can be seen the fatigue life increases
53% at Silica Fumes (at 250 u€), it increases by 100% at S.F (at 400 uf), at 750 u€ the
fatigue life increases by 33% at Silica Fumes (All of these ratios were compared with control
mix). K1 and K2 can be concluded from the data shown in Tables 7. It was noted at 4.4% AC
that K2 increases nearly by 6.9% and increases by 1.3% at 4.9%AC, and increases by 1.5% at
5.4% AC (at modified mixture by using Silica fumes respectively), as compared with control
mix. K1 has the smallest values and decreases it was decreases slightly when using additives.

5. CONCLUSIONS

1-Accorcing to the results obtained from “Flexural Fatigue beam Test”, it turns out that the
perfect percentage of Silica fumes addition is (2%).

2- Decrease in Asphalt percentage by (0.5%) from the optimum asphalt content would result
in a decrease in fatigue life by (55%) for control mixture and (45%) for the mixture modified
by using Silica fumes. On the other hand, the effect of the additives was obvious in increasing
the fatigue life by (50%) for Silica fume, as compared to the control mixture (at 250ue, 20°C,
4.4%AC).

3-Increase in Asphalt percentage by (0.5%) from the optimum asphalt content would increase
the value of fatigue life by (53%) for the control mixture and by (48%) percent for the Silica
fumes. Also the additives have Effect in an increase of the fatigue life value, as compared to
control mixture by (41%) for the Silica.
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Table 1. Physical properties of asphalt cement.

Property Unite Test result SCRB Specifications
Penetration 25°c , 100gm5 sec(ASTM D-5) | 0.1 mm 42 40-50
Softening point, Ring and ball (ASTM D-36) °C 49 |
Ductility, 25°C, 5 cm/min (ASTM D-113) cm 136 >100
After thin film oven test (ASTM D-1754)
penetration, 25°C, 100gm, 5 se % 73 >55%
Ductility, 25°C, 5 cm/min % 83 >25%

Table 2. Physical properties of coarse and fine aggregate.

Property value ASTM Designation No.
Coarse Aggregate
Bulk specific gravity 2.542 C127-01
Water absorption % 1.076% C127-01
Wear %(los Angeles abrasion) 18% C131-03
Fine Aggregate

Bulk specific gravity 2.558 C128-01
Apparent specific gravity 2.563 C128-01
Water absorption % 1.83% C128-01
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Table 3. Physical properties of filler (Lime stone).

Property Value
Bulk specific gravity 2.617
% Passing Sieve N0.200 94

Table 4. Physical properties of silica fumes.

Maximum sieve size PH value Density (kg/m°) Specific surface
area (m?/ kg)
Passing 0.075 4.5 2.6455 200000

Table 5. Effect of additives type and content on fatigue life.

Micro strain level
Mix. Type Additives%
250 p€ 400 p€ 750 pn€
Control mix 0% 16212 2722 563
1% S.F 19065 3280 604
Modified 206 S.F 23671 5857 889
mixture
3% S.F 21740 4881 751

Table 6. Fatigue life for control and modified mixture.

Fatigue Life, Nf
ACHe State 250 pe 400 pé 750 pe
4.4 % Control mix 7421 1897 486
S.F 10931 2070 609
4.9 % Control mix 16212 2722 563
S.F 23671 5857 789
5.4% Control mix 24879 3182 670
S.F 35084 6381 892
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Table 7. Fatigue parameters K1, K2 and equations for fatigue life under effect of asphalt

content

AC% State K1 K2 Equations

o Control mix 1.07E-05 2.450 Nf=1.07E-05(€) %430
e SA 3.96E-06 2.620 Nf=3.96E-06(€) 2620

] Control mix | 1.65E-07 3.050 Nf=1.65E-07(€) 3050
% SF 1.74E-07 3.090 Nf=1.74E-07(g)~3-0%

] Control mix | 3.57E-08 3.290 Nf=3.57E-08(€) ~32%
>4 SF 3.25E-08 3.340 Nf=3.25E-08(£) 33+

Plate 1. Silica fume sample. Plate 2. Manufactured blending

apparatus and its components.

}", Vil LZV

Plate 3. Slab specimens. Plate 4. preparation for obtaining
beams.
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Plate 5. Four points bending beam device and testing equipment at NCCLR.

@ control mix M 1% Silica fume 2% Silica fume @ 3% Sikica fume
1000
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Figurel. Effect of different percent of silica fume on fatigue life to select the best percent,
T=20°C
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Figure 2. Effect of asphalt content on fatigue life for control mix, T=20°C.
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Figure 3. Effect of asphalt content on fatigue life for modified mix, T=20°C.
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ABSTRACT

This paper is devoted to investigate experimentally and theoretically the structural

behavior of reinforced concrete hollow beams which have internal transverse ribs under effect of
shear. The number of the internal ribs is the major variable adopted in this research, while, the
other variables are kept constant for all tested specimens. The experimental part includes poured
and test of four (200x300x1200mm) beam specimens, three of these specimens were hollow with
different locations of internal ribs and one of them was solid. The experimental results indicated
that the shear strength are increased (33%) to (60%) for beams containing internal ribs in
comparison with reference beam. Also, the change of beam state from hollow section to solid
section led to increase the capacity for about (100%). In order to study more thoroughly the
performance of tested beams, a nonlinear analysis using ANSYS-11 finite element program is
used. The analytical results indicated that the load-deflection response, ultimate loads, and crack
pattern are in good agreement with the experimental results.

Key words: shear, hollow beam, reinforced concrete, internal ribs, ansys.
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1. INTRODUCTION

Hollow (or box) cross section beam, mean closed thin walled section beam. A thin walled
beam is characterized by relative magnitude of its dimensions; the wall thickness is small
compared to the other linear dimensions of the cross section, Abbas, 2007. A hollow beam
structure consists of top and bottom flanges connected by vertical (or inclined) webs to form a
cellular section. Presence of these hollow through a solid beam eliminates a significant amount
of dead space, and as a result the beam stiffness reduced and this lead to alter the simple beam
behavior to a more complex one. The reduced stiffness of the beam may also give rise to
excessive deflection under service load and result in a considerable redistribution of internal
forces and moments. These sections are used for the various fields such that in buildings, hall,
bridges, offshore structure and towers, AL-Maliki, 2013. It is one of the most popular forms of
highway bridges; primarily because of the high flexural and torsion rigidities .The use of box
beams in highway-bridge construction has proven to be a very efficient structural solution, Al-
Janabi, 2005.

Several researches are interest in hollow beams under the effect of flexural, shear and
torsion loads, Chiad, 2013. Shear behavior of reinforced self-compacting concrete deep box
beams strengthened internally by transverse ribs, also studied, Ruaa, 2015. In the present
research, shear behavior of reinforced concrete hollow beam strengthened internally by
transverse ribs will be studied as well as the effect of the number of internal cells which were
separated from each other by concrete ribs.

2. EXPERIMENTAL WORK

2.1. Experimental Program

In this paper, four simply supported beam specimens with rectangular sectional area,
under monotonically concentrated load were poured and tested. The tested beams are reinforced
in longitudinal direction (flexural reinforcement at the bottom), transverse direction (shear
reinforcement) and have been designed to ensure failed in shear mode of failure. The number of
internal cells, which were separated from each other by concrete ribs, is the major adopted
variable. The sectional area, length, ratio of shear span-to-depth, flexural and shear
reinforcement are kept without change for all tested beams. To evaluate the compressive strength
of concrete, the experimental program consists, also, cast and test of a series of control
specimens (cubes).

2.2. Beam Sample Details

The actual dimensions and the details of beam specimen are shown in Fig.1 and Table 1.
The overall length is (1200 mm), while, the overall depth and width are (300mm) and (200 mm)
respectively. All beam specimens are reinforced with (2412 mm) deformed bars as tension
(flexural) at the bottom and (¢ 6 mm @150mm) deformed bars as shear reinforcement (stirrups).
To hold the shear reinforcement (stirrups) in place, (244 mm) smooth bars at the top are used,
see Fig. 2.
The first beam specimen, (B-1), is poured without any internal ribs (but with two ribs at the
ends), while the beam specimens (B-2) and (B-3), are poured with one and three internal ribs (in
addition to two ribs at the ends) respectively. The last beam specimen, (B4), is poured without
internal cells (solid). For beam specimens containing ribs (interior or at the ends), the thickness of
rib is (50mm). It may be noted that the main function of the ribs at the ends is to prevent the
local failure of hollow beams due to high concentration of stress near supports. While, the main

12
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function of the internal ribs is to assist or evaluate its contribution to increase shear strength of
tested beams (that have internal ribs). The locations of ribs are shown in Figs. 3 and 4.

The cross section of the hollow beam contains a polystyrene void that blocks out the
center of the beam over specified lengths. The void is included to block out concrete where it
does not add much resistance to the section and reduce the self-weight of the beam. For practical
reasons, the void in the beam cross-section is obtained by a stay-in-place polystyrene block. The
creation of the void through the polystyrene block makes casting the beam both time and labor
intensive. There are three lengths of polystyrene block pieces as shown in Fig. 4.

1- One piece with length of (1100mm), for beam specimen (B-1), with one cell and one rib

(50mm width), at each end of the beam.

2- Two pieces with length of (525mm) for each one of them for beam specimen (B-2), with
two cells separated by three ribs (50mm width) (one internal and two at the ends).

3- Four pieces with length of (237.5mm) for each one of them for beam specimens (B-3),
with four cells separated by five ribs (50mm width) (three internal and two at the ends).

2.3. Materials
In manufacturing the tested specimens, local construction materials are used (except steel
bars), description of materials properties are reported and presented in Table 2.

Tensile test of steel reinforcement (manufactured in Ukraine) is carried out on (¢12mm)
hot rolled, deformed, high tensile steel bar used as flexural reinforcement, and (¢6mm)
deformed mild steel bar was used as stirrups (shear reinforcement). Also, the test included
testing of (¢4mm) plain mild steel bar which was used to hold stirrups in place. Table 3 shows
the results of tensile test for bars.

2.4. Concrete Mix Design

One concrete mix is used in this work; the concrete mix proportions are reported in Table
4. 1t was found that the used mix produces good workability and uniform mixing of concrete
without segregation.

2.5. Molds

One wooden molds containing four boxes, (200x300x1200mm) dimensions are used to
poured beam specimens. The molds were manufactured with (18mm) thick plywood base and
seven movable sides. The sides were fixed to the base by screws. When the mixing process was
completed, the samples were then cast in layers and compacted by a table vibrator to shake the
concrete and consolidate it into the molds. Then, the top face of samples (top surface) was
finished and leveled off by using steel trowel; and finally the samples were covered by a nylon
sheets to impede water evaporation. It may be noted that, to ensure that it would be easy to
remove the samples when the concrete hardened, the inner faces of molds was oiled.

2.6. Test Apparatus

Hydraulic machine was used to test the control specimens and beam specimens.
Deflection at the mid-span (center) has been measured by using ELE type dial gauge of (30mm)
capacity and (0.01mm) accuracy. The ELE gauge was put below the bottom face of each span at
the mid. Beam profile and loading arrangement is shown in Fig. 5.
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2.7. Concrete Mixing and Placing (Pouring)
2.7.1. Concrete mixer and vibrating table

The concrete was mixed by using a horizontal rotary mixer with (0.19 m®) capacity.
While, vibrating table are used to vibrate the concrete of specimens (beams and control
specimens). The vibrating table consists of (1.0x1.5m) table made of (10mm) thick steel plate.
The source of vibration was a rapidly rotating eccentric weight which makes the table vibrates
with a simple harmonic motion. The vibrator was manufactured by Marui Company, Japan. The
frequency of vibration was (7000rpm).

2.7.2. Curing and age of testing

After (24) hours, the beam specimens and control specimens were stripped from the
molds and cured in water bath for (28) days with almost constant laboratory temperature. Before
(24) hours from the date of testing, they were taken out of the water bath and tested in
accordance with the standard specifications.

2.8. Results of Control Specimens Tests

Mechanical properties tested results of control specimens (compressive strength) are
reported and summarized in Table 5. Cubes compressive strength (f.,) was carried out on
concrete based on BSI 881-116 with standard cubes (150mm). The cubes were loaded uniaxially
by the universal compressive machine up to failure.

2.9. Test Methodology (Test Procedure)

The beams were tested at (28 days) age, where they were prepared by cleaning them and
paint with white color, in order to detect the propagation of cracks. The beam specimens have
been placed on the testing machine with a clear span of (1100mm), then adjusted to fit the
supports, beam centerline, dial gauge and finally tested under a monotonic single-point loading
up to failure; Fig. 5 shows the setup of beam specimens.

Initially each beam is loaded with small load to ensure that the dial a gauge is in touch
with the bottom faces of beams and working correctly. After that, the load increased regularly at
(1.0 kN/sec) and the readings taken every (5 kN). When the beams reached advanced stage of
loading, smaller increments of load were applied until failure, as the load indicator stopped in
recording or returned back and the deflection increased very fast without any increase in applied
load. Throughout the test, all necessary measurements and notices were recorded.

3. THEORETICAL STUDY

To study the performance of tested beams, ANSYS (Version-11) finite element program
is used to analyze two selected beam specimens, (B-1) and (B-2). A nonlinear, eight nodes brick
element, (SOLID-65), with three translations DOF at each node is used to model the concrete.
For FEM modeling of the steel reinforcement, two nodes, discrete axial element, (LINK-8), with
three translations DOF at each node is used. To avoid stress concentration, (10mm) thick steel
plate is added at the load locations and modeled by using a nonlinear, eight nodes brick element,
(SOLID-45), with three translations DOF (per node) in x, y and z-directions.

3.1. Properties of Materials
3.1.1. Concretes

For finite element modeling, concrete constitutive stress-strain curve in compression can
be described by isotropically, multi-linear stress-strain relationship. Constitutive model (surface
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of failure) in ansys can be specifying only by two constants (tensile strength ( f, ) and

compressive strength of concrete ( fcl )) as given by criterion of Willam and Warnke, 1975.
In this paper, transfer coefficients of shear for opened cracks (B, ) and closed cracks (B.)

are assumed to be (0.2) and (0.25) respectively. These values are selected to avoid convergence
problems during iteration.

The stress-strain curve for concrete in tension is assumed to be linear-elastic up to the
maximum tensile strength. Smeared crack approach is used to model the concrete cracking.
Poisson’s ratio, for finite element modeling of concrete is assumed to be (0.2). In order to
modeling the finite element of concrete, empirical equations of ACI-318 Committee are used to
determine the young’s modulus and tensile strength, as listed in Table 6.

3.1.2. Steel Plates and Reinforcement

Elastic modulus and yield stress for the steel plates and reinforcement used in FEM
follow the design material properties used for the experimental investigation. The steel for the
finite element models is assumed to be an elastic-perfectly plastic with strain hardening material
and identical in tension and compression as shown in Fig. 6. Von-Mises failure criterion is
adopted for modeling. To avoid convergence problems during program iteration, the modulus of
strain hardening is assumed to be (0.03x Es).

The steel plate under the applied load is assumed to be behaves as linearly-elastic
materials. Young’s modulus of (200GPa) and Poisson’s ratio of (0.3) are utilized in FEM for
steel plates and reinforcement.

3.2. Finite Element Modeling

The dimensions of the beam specimens are shown in Fig. 1. Due to variation of internal
ribs locations and simple geometry of the tested beams, entire (full) beam is used for modeling,
Fig. 7.

It may be noted that, the origin point of coordinates lie in one corners and only one
loading plate are provided at the top of beam (under load) to prevent load concentration. In the
beginning, the beams and steel plates are modeled as lines, then areas, and finally as volumes
(solid elements).

3.2.1. Finite element meshing

After creating of volumes, meshing of the finite element model is needed. In this stage,
the FEM model is divided into a number of small elements. When the model problem is solving,
the stresses and deformations (strains) are estimated at the Gaussian points of these small
elements. Best results can be achieved by dived (meshing) the model into square (or rectangular)
elements, Fig. 7.

Before distribution (spreading) of the applied load by using steel plates (in the early
attempt), and due to load concentration on concrete elements, concrete crushing started to create
in elements which located directly under load. Thereafter, the concrete elements adjacent to the
applied load were crushed within few steps of loading. Finally, large displacement (deflection)
take place, the solution in not converges and as a result the FEM model failed prematurely. To
prevent this FEM failure phenomenon, steel plates are used and inserted under the applied load.
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3.2.2. Load application and boundary conditions

To ensure that modeled beams behave as tested beams, boundary conditions (displacement
constrains) at supports should be satisfied (need to be applied at the supports locations). Thereafter,
one of the supports is to be modeled as a hinge and the other one is modeled as a roller.

Since the external load was applied on a steed plate and as a basic of FEM, the plate load
must be transformed to adjacent nodes; therefore the applied load is represented by an equivalent
nodal force on the top nodes of plate. Since the steel plate had eight divisions in transverse
direction (Z-direction), the equivalent nodal force on the plate becomes (P/9) of the applied force
(assuming equally distributed of applied load).

The applied load is divided into load steps and done incrementally up to failure (based on
Newton-Raphson technique). At a certain stages in the analysis, load step size is varied from
large (at points of linearity in the response) to small (when cracking and steel yielding occurred).
The failure is assumed to be occurred when the solution, for a minimum load is diverging and
the models have a large deflection (rigid body motion).

4. RESULTS AND DISCUSSIONS
As indicated before, the aims of this paper are to evaluate the effect and contribution of
internal ribs (at different locations) on shear strength of hollow reinforced concrete beams.

4.1. Experimental Results

Ultimate load capacities, load versus deflection at the center of the bottom face of each
tested beam were recorded throughout the experimental work. To appear the cracks pattern and
imported details, photographs for the tested specimens are taken. Tests observations, general
behavior and recorded data are reported to recognize and understand the effects of adopted
parameters on the strength of the tested specimens.

4.1.1. General behavior

Photographs of the tested beams are shown in Fig. 8 and tests results are given in Table
7. 1t may be noted that, all beam specimens were designed to be failed in shear, which was
distinguished by sudden failure and diagonally wide cracks which extend from supports towards
the applied load locations.

The general behavior of the tested beams can be described as follows; at early stages of
loading, small vertical deflection initiated in the mid span of tested beams, with further loading,
diagonal cracks extended upwards and became wider in shear span. One or more cracks
propagated faster than the others and extend through weak locations in the beam (hollow zones)
and reached the compression face (near applied load), where crushing of the concrete near the
positions of applied loads had occurred due to high concentrated stresses under load.

4.1.2. Failure mode

The appearance of the cracks reflects the failure mode for the tested beams. The
experimental evidences show that the diagonal cracks extended horizontally along the tension
reinforcement and eventually, the failure take place due to diagonal tension cracks were formed
diagonally and moved up and towards the position of load, this crack is associated with crushing
of the concrete near the positions of applied loads, this mode of failure is called “Shear-
Compression” failure, as shown in Fig. 8.

4.1.3. Ultimate shear strength (Vu)
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The recorded ultimate loads of the tested beams are presented in Table 7. As expected,
test results show that the reference beam (B-1) has the minimum ultimate strength in comparison
with the rest beams. This may be due to absent of any internal ribs (concrete) in the section (in
shear span).

As shown in Table 7, the ultimate shear strength increased when the number of ribs increased (in
shear span) and when we moved toward of and closes up to the support.

For the tested beam (B-4), which have made as solid without hollows, the ultimate shear
strength increased by (100%) in comparison with reference beam, this clearly due to concrete
contribution to resist shear stress.

The ultimate shear strength increased about (33%) to (60%) for the tested beams (B-2) and
(B-3) respectively, the presence of internal ribs led to increase resistant area of concrete and as a
results, the shear strength increased significantly.

4.1.4. Effect of number of ribs on ultimate strength

As shown in Table (7), presence of internal ribs in hollow section leads to increases the
stiffness of tested beams due to concrete contribution, and this leads to increase in carrying
capacity.

In other words, due to abrupt changes in the sectional configuration (from solid to

hollow), the hollow beam corners, closed thin webs and flanges are subject to high stress
concentration that may lead to reduction in stiffness of the tested beam and produced cracking
and excessive deflection, see Fig. 9.
As shown in Table 7, presence of internal ribs (see B-2 and B-3), led to increase the ultimate
shear strength from (33%) to (60%). The increasing in ultimate load was (100%) for tested beam
(B-4) when the section made fully without hollows. This means that the presence of internal ribs
affected significantly on ultimate capacity of tested beams.

4.1.5. Load versus deflection curves
Load versus deflection curves of the tested beam specimens at the center of bottom face at
all loading increments up to failure are shown in Fig. 9.

In the beginning, the curves are identical and the tested beams exhibited linear

behavior and the initial change of slope of the load-deflection curves occurred between (10 kN to
30kN), which may be indicated the first crack loads. Beyond the first crack loading, each beam
behaved in a certain manner. Behavior of reference Beam (B-4) exhibited greater loads and
smaller deflections in comparison with the other beams. This beam had the greatest stiffness due
to absent of any hollows.
Load-deflection curves for the tested beams (B-1, B-2 and B-3) shows smooth increase, in both,
applied loads and deflection. Presences of hollows lead to decreasing in carrying capacity of load
beyond the first cracking, this associated with reduction in beams stiffness and this is reflected
on the associated deflection (excessive deflection). For tested beams (B-1 and B-2), slight
increase in ultimate deflection of beam (B-1) is observed by comparing with (B-2). This is may
be due to absent of any interior rib in the beam (B-1) which leads to decreasing of beam rigidity
(stiffness) and as a result, slight increases in deflection is occurred.

4.2. Finite Element Results
4.2.1. Load versus deflection curves

Vertical displacements (Deflection in y-direction) are measured, at mid-span, at the
center of the bottom face of tested beams. Deflected shape of finite element beam model due to
the vertical load is shown in Fig. 10. The load versus deflection curves obtained from the FEM
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analysis together with the experimental tests are constructed and compared in Fig. 11, for tested
beams (B-1) and (B-2). In general, it can be noted from the load-deflection curves that the finite
element analyses are agree well with the experimental results throughout the entire range of
behavior. Comparing with the experimental results, all the finite element models show relatively
large capacity at the ultimate stage.

4.2.2. Ultimate loads

Table 8 shows the comparison between the ultimate loads of the experimental (tested)
beams, (Py)exp., and the final loads from the finite element models, (Py)rem. The final loads
for the finite element models are the last applied load steps before the solution starts to diverge
due to numerous cracks and large deflections.
As shown in Table 8, the ultimate loads obtained from numerical model agree well with the
corresponding values of the experimental (tested) beams.

4.2.3. Crack patterns
The crack pattern is recorded, after first crack, at each load step. Cracks pattern come by
the FEM analysis and the failure modes of the tested beams are agree well, as shown in Fig. 12.
Cracks pattern appearances reflect the failure mode of tested specimens. The model of
FEM, accurately, predicts that the tested beams are failing in shear and predicts that the vertical
and inclined cracks formed in the shear span regions respectively. The cracks are concentrated
under load region and vanish diagonally towards the beam supports.

5. CONCLUSIONS

In the previous items, an experimental program together with finite element analysis has
been performed, thereafter the following conclusions are obtained:-
1-Ultimate load carrying capacity in beams is found to be increasing with increase the number of
the internal ribs, and the deflection at ultimate load is found to be decreasing.
2-The ribs work as internal stiffeners which contributed to increase the shear strength in a certain
degree. The shear strength increased (33%) and (60%) for beams containing one and three
internal ribs respectively.
3-The change of beam state from hollow section to solid section led to increase the capacity for
about (100%).
4-Based FEM analysis (using ANSYS program), it can be concluded that the computational
finite element models adopted in the current study are useful and able to simulate the behavior of
tested beams. The analytical tests indicated that the load-deflection responses, ultimate loads and
the structural behavior are in good agreement with the experimental results.

6. NOMENCLATURE

bw = beam width, m.
h= overall depth of beam, m.
d=  effective depth, m.

fC = cylinder compressive strength of concrete, MPa.

fou=" cube compressive strength of concrete, MPa.
fi=  tensile strength of concrete, MPa.

fy=yield strength of steel bars, MPa.
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ultimate tensile strength of steel bars, MPa.

Ec=  modulus of elasticity of concrete, MPa.

modulus of elasticity of steel, MPa.

P.= cracking load, KN.
Pu,= ultimate load, kN.
«= ultimate Shear Force, kN.

(Vy)i= ultimate Shear Force of a certain beam, kN.
¢ = reinforced bar diameter,mm.
B.  shear transfer coefficient for closed cracks.
B,  shear transfer coefficient for open cracks.
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Figure 12. Crack pattern from FE model (right) and experimental tests (left) for B-2.

Table 1. Beams designation and details.

Beam Dimensions (mm) Reinforcement Transverse Ribs
Designation | b, h | Flexural Shear **
(B-1)* Two (At Ends Only)
B-2 Three Ribs
B3 200 | 300 | 1200 | 2¢12mm | 46 mm @150mm Five Ribs
B-4 Without Ribs (Solid)

*Reference Beam

**(50mm) thickness

Table 2. Construction materials description.

Material Descriptions
Cement’ Ordinary Portland Cement (Type I)

Sand”~ Natural sand from Al-Ukhaider region with maximum size of (4.75mm)
Gravel ™ Crushed gravel with maximum size of (12mm)

Water Clean tap water (used for both mixing and curing)

* Conform to Iraqgi specification No. 45/1989.  ** Conform to Iraqi specification No. 45/1984.

Table 3. Steel bars properties.

Nominal Diameter Bar Tvpe fy* fu Elongation
(mm) yp (MPa) | (MPa) %
4 Plain 461 633 16
6 Deformed 383 545 11
12 Deformed 860 915 16

* Average of three samples (Each 400mm length)
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Table 4. Proportions of concrete mix.
Parameter Quantity
Water/cement ratio 0.40
Water 168 Liter
Cement 420 kg/m®
Fine Aggregate 600 kg/m®
Coarse Aggregate 1200 kg/m®

Table 5. Mechanical properties of concrete

Property (MPa) Value (MPa)
Cube compressive strength (f.,) 30
Cylinder compressive strength ( f.)™ 24.6

*Average of three samples.

Fx fC =0.82 fcu

Table 6. Modulus of elasticity and tensile strength adopted in FEA.

Empirical Equation fc' (MPa) Value (MPa) Note
Ec=4700,/ f, E. =23311
; ‘E 24.6 i ACI-318
fi=0.62,/f f=3.08
Table 7. Ultimate shear strength of tested beams.
Beam Vy (KN)** | (V) )il (Vu)r Mode of
Designation Pu (kN) | Pe (kN) (kN) (%) Failure
(B-1)* 90 15 45 1.0 Shear-Compression
B-2 120 20 60 1.33 Shear'ComprESSion
B-3 144 24 72 16 Shear-Compression
B-4 180 o5 90 20 Shear-Compression
*Reference Beam **\V, =P./2

Table 8. Comparison between experimental and finite element ultimate loads.

) _ Ultimate Load (KN) (P,)cem
Beam Designation (Pu)exe. (Pu)eem W
u/EXP.

B-1 90 99 11

B-2 120 126 1.05
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ABSTRACT

Asset management involves efficient planning of economic and technical
performance characteristics of infrastructure systems. Managing a sewer network
requires various types of activities so the network can be able to achieve a certain level
of performance. During the lifetime of the network various components will start to
deteriorate leading to bad performance and can damage the infrastructure. The main
objective of this research is to develop deterioration models to provide an assessment
tool for determining the serviceability of the sewer networks in Baghdad city the
Zeppelin line was selected as a case study, as well as to give top management authorities
the appropriate decision making. Different modeling techniques were used based on
statistical methods such as discriminant, and artificial neural network (ANN) which were
used to build the deterioration models. The results of the discriminant model gave
correct classification of 68.9% for the condition class of this line. The main significant
influencing variables that play an important role in sewer networks were: sewer age,
planning, performance and maintenance which is known as the Management function.
From ANN model the confusion matrix gave correct classification of 76.7% and MSE
0.128.This study providing a good source of information for future planning.

Key words:  asset management, deterioration, discriminant, artificial neural network,
sewer condition.
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1- INTRODUCTION

The sewage network system is a key part of the urban infrastructure, which should
work accurately and to maintain at a prudent, planned manner, sustainable and based on
a scientific basis ,Baik et al., 2006. However, many cities suffer because of the
infrastructure sewer deterioration that leaves the communities in a difficult
psychological suit and disrupt not only sanitation services but other events which are
related to people service ,Ana and Bauwens, 2007. Large parts of sewer networks have
already been replaced by newer materials, but in some cities there are still parts of the
19th century sewer in use. In Irag and distinguish in Baghdad city most of the existing
network was built in the second part of the 20th century. Many parts of the sewer
networks have been deteriorated therefore they will need to be replaced, repaired or
renovated in order to guarantee their required performance and to avoid possibility of
failure. Deterioration models can make a significant contribution towards developing
proactive management plans and to identify the significant factors that affect the
condition of the sewer networks. These factors can be considered during different stages
(design, construction and operation) of the project.
Dulcy et al., 2002 presented a description of improved methodology for careful analysis
and interpretation of data in sewer systems. The proposed methodology allows fast and
accurate assessment, which is important in building sewer asset management database.

Ana and Bauwens ,2007 presented a sewer asset management decision-support tools..
Each tool is qualified and its conforming information requirements are determined. They
looked into cases of framing the use of the present available tools and presented a
forestation on further research needs in the field.

Tran ,2007 developed hydraulic and structural deterioration models that can predict the
conservation status of the sewerage with respect to population expectation. The output of
the models may be used for long term annual budget and prioritizing maintenance.

Ana ,2009 studied the contribution of two important concepts in sewer network asset
management. The research reported a significant grade in the progression and use of
sewer construction deterioration models found on the regression Markov of semi,
logistic analysis and multi criteria decision making (MCDM) in prioritizing sewer
rehabilitation projects.

Sophie et al., 2013 a censored model (survival ) was progressed to forecast total
structural condition of a sewer by using camera examining outputs. The deterioration
model was advanced to get the survival age. The e* and Wiebul equations were used to
stand for the division of ages in each deterioration condition.
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Bouamrane and Bouziane 2014 developed a decision backup to deliver judgments to
the problems of networks administration/ repairing, in order to help senior management.
They stated that priority of interference may be by computation of three criteria
(economic, environment and social) as well as the planning displayed should be well
considered.

Even though the condition of Iraq sewer networks is not as good as those in other
countries, large problems can be expected in the future if the current approach is not
drastically changed. Allocated funds for sewer maintenance and operation are limited
and not sufficient to keep the system in good condition.

1-1 Objective of the Study

The main objective of this research is to develop a performance based asset
management program to provide an assessment tool for determining the serviceability of
the sewer infrastructure system in Baghdad city by building deterioration models. These
models are developed using discriminate analysis and artificial neural network. The
predictive performance of these models is assessed by adaption of statistical tests and
confusion matrix.
2- FACTORS AFFECTING SEWER DETERIORATION

The established knowledge on the mechanisms of sewer structural deterioration and
failure along with the factors associated with deterioration should be identified and
understood. The occurrence and propagation of defects and the rate of deterioration of
pipes are affected by a number of factors.

2-1 Physical Factors

These factors refer to the physical attributes of the sewers:
2-1-1 Age
The construction year affects the sewer condition since it represents the sewer age and
the quality of the construction work.
2-1-2 Shape
Among the different shapes in sewer networks, circular sewers are considered the
strongest, Baur and Herz, 2002.
2-1-3 Diameter
The effect of pipe size on deterioration is rather contradictory across different studies.
Some say that small diameter pipes are aging faster than bigger sizes.
2-1-4 Depth
Sewers at depths of less than 2m have higher than average failure rates Fenner et al.,
2000. In addition Anderson and Cullen ,1982 reported that 65% of the 4400 sewer
failures that they studied occurred at a depth of 2m or less and 25% occurred at a depth
from 2 to 4m.
2-1- 5 Length
Typically, long sewer (manhole-to-manhole length) results in higher deterioration rates.
Defects in the connecting joints of the sewer pipes are one of the defects that cause the
deterioration problems Park and Lee, 1998.
2-1-6 Material
There are many advantages and disadvantages using different types of materials in sewer
networks. Typically, concrete pipes perform better than other pipes due to their high
abrasion resistance, strength and cost Ana, 2009. Material types used in the construction
of sewer pipes affect their reaction with the environmental Salman, 2010.

28



(@) Number 2 Volume 22 February 2016 Journal of Engineering

=

2-1-7 Slope

The sewers at medium slopes deteriorate slower than sewers with steep slopes where the
corrosion rates are high Ayuob et al., 2004.

2-1-8 Type

The combined system deteriorates with slower rates compared with the separate network
carrying sanitary sewage, De Toffol et al., 2007.

2-2 Environmental Factors

These factors refer to the characteristics of the surrounding environment of the sewer
systems.

2-2-1 Presence of tree roots

The growth of roots inside the pipe affects the sewage transport. Furthermore roots
inside the sewer exert more pressure on the pipe which may break it Perera et al., 2007.
2-2-2 Soil/backfill type

WRc ,1994. described fine, cohesive less soils (e.g. silt, fine sand) as highly susceptible
to ground loss, where cohesive soils (e.g. coarse sand, gravel) and clay are the
opposite,as well as to soil properties , trench side slop and execution methods .

2-2-3 Traffic and surface loadings

Studies have provided evidence that sewers under main roads (heavy traffic) suffer more
defects (cracks, fractures) compared to minor roads (light traffic).

2-3 Operational Factors

These factors are related to how sewers operate and function.
2-3-1 Sewer function
One classification for the sewer networks is according to what kind of sewage it may
carry. For the combined system the domestic sewage may be diluted with storm water
and this could decrease the corrosion process, Tran, 2007.
2-3-2 Sewer maintenance
Appropriate maintenance strategies, like sediment removal, sewer cleaning and root
cutting generally increase the service life of sewers. Nevertheless, cleaning techniques
may accelerate sewer deterioration, Davies et al., 2001.

3- MONITORING AND ASSESSING PIPE CONDITIONS

Pipe condition (status) is often used to describe the overall serviceability, i.e.
structural and hydraulic capacity of pipes at a point of time in their lifetime. Because of
pipe deterioration, the task of monitoring and assessing the changes of pipe condition
over time becomes extremely important as part of proactive management strategies. In
the current management practice of sewers pipes, this task consists of two steps: 1-
selection of inspection techniques and 2- grading conditions Manu, 2010. Laser
profiling is used in conjunction with closed circuit television (CCTV) as it uses a ring of
laser to assess the shape of the pipe wall or any change caused by deformation,
sedimentation and corrosion, etc., Van der Hoop, 2010.

3-1 Rating Description of Condition

Scale which ranges from excellent to poor was used as the basis of all assessment
sewer networks, Wagga Guide, 2010.

3-1-1-Excellent condition: Only planned maintenance is required, no defected is
detected in the system.
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3-1-2 Very good: It requires minor maintenance as well as programmed maintenance
and rehabilitation can be scheduled for long term construction.

3-1-3 Good: Significant maintenance is required, rehabilitation is necessary for a
medium —term within 3- 5 year.

3-1-4 Poor: Significant renewal/upgrade is required, rehabilitation is keen and must be
completed in one - two years, necessary emergency has to be checked.

3-1-5 Very Poor: Complete breakdown of the pipe, rehabilitation stringent and short
term to prevent collapse is necessary.

4- DETERIORATION MODELS

Many techniques for modeling the deterioration of sewer systems are available some
are based on statistical methods such as, the discriminant analysis, and other based on
artificial neural networks. The basic data required in the deterioration modeling are the
factors mentioned in section 2.These requirements were gained from the data collected
from Baghdad Mayoralty.

Table 1 shows the code identification that was used in the models to specify the
different independent variables and dependent conditions.

4-1 Discriminant MODEL

Fisher’s linear discriminate analysis (LDA) is a statistical method for classifying or
predicting individuals or objects into mutually exclusive and exhaustive classes based on
a set of independent variables or predictors, Huberty, 1994. The goal of this model is to
get a linear transformation of independent variables which represent the maximum
proportion amidst the within scatter class, Laitinen, 2007. Modeling needs to consider
classification models that search for any exist or potential separation between groups
centers of the variables of interest. Clear separation of the group's center indicates the
goodness of the considered set of independent variables in the interpretation of the
variability between groups of the variable condition. The classification models
(Discriminant analysis) consider highly correlated sets of independent variables. The
matrix of the correlation coefficients between the continuous variables was obtained by
using SPSS program. The information gathered for this case study was subjected to
statistical analysis in order to provide scientific evidences about modeling the variables
of interest.
4-2 Artificial Neural Networks (ANN) Model.

In the case of sewer deterioration modeling, neural networks investigate the
mathematical relationships between predictors (independent variables, i.e. deterioration
factors) and responses (dependent variables, i.e. discrete sewer condition classes), Kley
et al., 2013. Each connection between neurons has an associated weight that is
determined by minimizing fault between the predicted output and the real output values.

5- CASE STUDY: ZEPPELIN SEWER TRANSPORTATION LINE

This line is one of the main sewers that collect sewage from Alrusafa side in
Baghdad city. This sewer is about 25400 m in length and starts from the municipality of
Al- Shaab and ends at Alrustamiya waste water treatment plant (3" expansion) south of
Baghdad. This sewer starts with diameters of 1800 to 2400 mm at depths of 3to 7 m and
ends at 3000 mm in diameter with 6 to 10 m in depth at the plant. This main line is
clogged at rates ranging from 40% to 80% by oil, industrial wastes, trash, sediment and
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mud, knowing that this problem is one the most complex problems facing the drainage
systems and requires fast and effective solutions.

5-1 Discriminant Model

The dependent variable (condition of the sewer) has only four rating conditions
instead of five. The excellent condition was not recorded. Table 2 shows the matrix of
simple linear correlation coefficients for the set of variables in this region. With respect
to the test of significant, the variables age, diameter, and length were found to be not
significant linearly correlated, therefore will be considered in the Discriminant model. It
is clear from the discriminant model shown in Fig.1, that the group centroids are well
separated from each other but there is an over lapping of the category Good with cases
of Very good and Poor categories. This is an indication that some of the remaining
variables may help enhancing the classification and the total correct classification was
found to be 68.9%. Different trials were made in order to decide on the set of categorical
factors. The results revealed that all the variables are to be used as independent variables
in the analysis and their contribution explains the dependent variable (condition). Fig. 2
shows the merged groups centroids which reflect a better separation than that shown in
Fig.1. This figure shows that cases of the Good category are still not well separated
whereas all of the other three categories are very well separated.
The Box’s M test, Table 3 shows that the equalities of covariance matrices are
significantly different and Table 4 shows the summary of the canonical correlations. In
this situation the first function explains about 78.5% of the variance in the dependent
variable that represent the square high correlation(0.886)2 .

Table 5 shows the output of the Wilks’ test which also indicates that the condition
categories are significantly different from each other.
The standardized canonical discriminates of the function coefficients are shown in Table
6. From this table, sewer age contributes to the maximum variance in the condition of
the sewerage network. It can be used as a threshold to enhance the efficiency of the
sewer pipe. Planning was found highly contributed to the dependent variable variance
appeared by the second discriminant function. Moreover material was found also highly
explained by the third function. According to the structure matrix Table 7, function 1
can be named as the age function since age has the largest absolute value among other
independent variables. Function 2 can be named as the planning function and function 3
can be named as the material function.

Table 8 shows the group centroids which can be used as a reference when judging or
predicting new cases. Table 9 shows the unstandardized coefficients of the canonical
discriminant functions which are used to build the actual prediction equation using new
cases for classification. The classification matrix and Jack-Knife cross validation of this
model ,Table10 shows that condition 1 (Very good) has a 100% of correct classification.
This is an indication that the discriminant function is very robust in detecting cases of
this group. The condition categories Poor and Very poor are also well separated and they
have percent of correct classification 83.3 and 93.5% respectively.

5-2 Artificial Neural Networks (ANN) Model.

Artificial neural network (ANN) was used here in order to enhance the results of the
previous analysis of sewerage conditions. MATLAB programming environment
provides very powerful procedures for implementation of such techniques. ANN is not
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always the procedure of choice in cases where there is no consistency between input and
target sets of data. In order to compare the results of ANN to that of the Discriminant
analysis, the MATLAB ANN was used. Out of the input and target sets of data, the
MATLAB program will extract three samples of data called training, validation and
testing. The most common activation function is the sigmoidal function which may be
defined as follows:

Y=F(S)= ——— 1
)= 175 (D)
In the back propagation learning occurs in the perceptron by changing connection
weights after each piece of data is processed, based on the amount of error in the output
compared to the expected result. In the case of supervised learning carried out through
back propagation, error in output node is actually the difference between the target (TY)

value and output value obtained by the net (Y). That is:
e=TY-Y (2)

Accordingly, corrections to the weights of the nodes must be made in order to
minimize the error in the entire output. This is a procedure that can be done by using
different functions like gradient descent, gradient descent with momentum, and scaled
conjugate gradient which is the case of this research work.

The scaled conjugate gradient algorithm (SCG), was designed to avoid the time-
consuming line search. This algorithm is too complex to explain in a few lines, but the
basic idea is to combine the model-trust region approach (used in the Levenberg-
Marquardt algorithm described later), with the conjugate gradient approach. Table 11

shows the default values of scaled conjugate gradient function. The default number of
hidden neurons is set to 10. One might want to come back and increase this number if
the network does not perform as well as he/she expect. The number of output neurons is
set to the number of categories of the target data. In this context, Fig. 3 shows the first
diagram of the neural network used in this research for the data of Zeppelin line.

If the provided data is not large enough, then it is not expected that ANN will lead to
meaningful or good results. Pattern recognition tool is also a classification procedure,
was used to produce alternative classifications. Almost all confusion matrices revealed
approximately the same percentages of correct classifications reaching 76.7% ,Fig. 4.
The Mean Squared Error (MSE) is about 0.128 as shown Fig. 5 and the error histogram
,Fig. 6 is also well distributed around zero. The neural network analysis showed that the
condition classes are overlapped and that they are not really five classes but maybe three
or four classes.

6-CONCLUSIONS

Continuous inspection of any sewer network including pipes, manholes and pumping
stations is necessary to provide the required maintenance as soon as possible. Training
the technical staff will help in improving the ability of the workers for good management
of technical problems. Deterioration models will help to predict the asset condition and
a critical management decision can be made. In this study deterioration models were
developed for the Zeppelin line in Baghdad city. The Discriminant and Artificial neural
network models were used for the development of these models. The main conclusions
achieved regarding these models are:
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6-1 Discriminant Analysis

The condition variables were designed to have five distinguished classes; it appeared
that these classes are actually four or sometimes three. Mostly these classes were Good,
Poor and Very poor. Moreover, sewer age was the most significant variable in the
evaluation process of the sewerage network condition. Planning (management function)
appeared to have influence on judging the condition of this line where material also had
some influence. The cross-validate grouped cases correctly classified was 68.9% .

6-2 Artificial Neural Network (ANN)

ANN has a remarkable ability to derive facts (target) from complicated or imprecise
sets of data (inputs). Pattern recognition tool was used for classification of the condition
classes. The percentage from the confusion matrix was 76.7% and MSE from the error
histogram was 0.128 which indicates the goodness of the model in classifying new
cases. Error histogram shows that the errors are distributed approximately equally
around zero, this is indication of the goodness of fit for the ANN model. Continuous
inspection and maintenance of this line, manholes and pumping stations are required as
soon as possible for better performance.
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Glass Fiber Reinforced Plastic (GRP) Pipes

PVC Polyvinylchloride Pipes
CCTV  Closed Circuit Television
MSE Mean Squared Error
Table 1. CODE Summary of the sewer network.
Data Measurement type Codes
excellent (conditionl),very good (condition
Condition Ordinal 2) , good (condition 3) , poor (condition 4)
, very poor (condition 5)
Sewer type Nominal 1-Gravity sewer, 2- pressure sewer
Sewer shape Nominal 1-circular , 2- rectangular
Sewer function Nominal 1-combined system ,2-separate system

Age Scale (year)
Diameter Scale (mm)
Depth Scale (m)
Length Scale (m)
Slope Scale(m)
Tree roots Scale (number)
Traffic Ordinal 1-low , 2-medium , 3- high
Maintenance . 1-rehabilitation , 2-major maintenance,
Nominal . X
type 3-minor maintenance
90% (excellent performance), 75% (good
Performance Scale performance) 65% (medium performance),
55% (poor performance)
. . 1-planning long term, 2-planning medium
Planning type Nominal term, 3-planning short term.
1-concrete pipe ,2-PVC polyvinylchloride
Material Nominal PP POIYVINY

pipe,3-GRP glass fiber reinforced pipe

35



Number 2

(@D

=

Volume 22 February 2016

Journal of Engineering

Table 2. Simple linear correlation coefficient matrix.

Age | Perform. | Diameter | Depth | Length | Slope
Pearson Correlation 1 -.600 101 092 | -.090 | -.101
Age Sig. (2-tailed) .000 312 .355 .366 311
No. 103
Pearson Correlation 600" 1.0 066 | .040 | .080 | -.059
Perform. Sig. (2-tailed) 0.000 509 | 686 | 422 | 552
No. 103
Pearson Correlation | .101 .066 1.00 | .837" | -.064 -
Diameter - - 994
Sig. (2-tailed) 312 509 .000 | .524 .00
No. 103
Pearson Correlation | .092 .040 837 1.0 | .035 -
Depth - - 808
Sig. (2-tailed) .355 .686 .000 125 .0
No. 103
Pearson Correlation -.090 .080 -.064 .035 | 1.00 | .091
Length Sig. (2-tailed) .366 422 524 125 .363
No. 103
Pearson Correlation | -.101 -059 | -.9947 - [ 091 ] 1.0
Slope - - 808
Sig. (2-tailed) 311 552 .000 .000 .363
No. 103
**_Correlation is significant at the 0.01 level (2-tailed).
Table 3. Equalities of covariance matrices.
Box M 74.188
Approximate | 1.787
F d.f1 36
d.f2 13554.221
Significance. .003
Table 4. Summary of the canonical correlation.
. Eigen. % of Cum. % Canonical
Functions. . .
value variance. Correlation.
1 3.6390° 90.60 90.6 .886
2 .3009% 7.7 98.3 486
3 .069% 1.7 100. .254
a. First 3 canonical discriminant functions were used in the analysis.
Table 5. Wilk's, Lambda test.
Test Function (s) Wilks' Lam. | chi-square df Sig.
1.0 through 3.0 154 179.603 24 .000
2.0 through 3.0 714 32.287 14 .004
3.0 935 6.412 6 379
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Function1 | Function 2 Function 3
Age -1.004 .065 -.157
Dia. 590 322 631
Length -.013 .034 -414
Traffic 534 .028 -.179
Tree roots 201 -.005 -.353
Maintenance 110 -.248 174
Planning -.143 .885 -.116
Material 297 .098 .968
Table 7. Structure matrix.
Function 1 | Function 2 | Function 3
Age -.883" 191 -.033
Planning 067 963" -.034
Diameter .009 634" 167
Material -.049 -.304 545
Tree roots .091 142 -.455
Traffic 208 .000 -440°
Maintenance .031 136 233
Length 062 -.151 -.190

*, Largest absolute correlation between each variable and any discriminant function

Table 8. Functions at group cancroids.

Table 9. Coefficients of the discriminant functions.

Unstandardized canonical discriminant
functions evaluated at group means
Unstandardized coefficients

| Function 1 | Function 2 | Function 3
Age -.402 .026 -.063
Cond. Function Dia. .001 .001 .001
1 2 3 Length .000 .002 -.026
1.00 | 3573 | 579 548 Traffic .650 .035 -.217
2.00 | 1.407 316 -.370 Tree roots 227 -.005 -.400
3.00 071 -738 044 Maintenance 174 -.393 276
4.00 | -2.416 405 082 Planning -.179 1.111 -.145
Material .935 .307 3.042
(Constant) 8.610 -4.750 -2.136
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Table 10 .Classification matrix and jack-knife cross validation .

Cond. Predicted Group Membership Total
1.0 2.0 3.0 4.0

1.00 10 0 0 0 10

Count 2.00 6 14 4 2 26

3.00 0 5 30 1 36

Originally 4.00 0 0 2 29 31
1.00 100.0 0 .0 0 100.0
% 2.00 23.1 53.8 15.4 7.7 100.0
3.00 .0 13.9 83.3 2.8 100.0
4.00 .0 .0 6.5 93.5 100.0

1.00 7 3 0 0 10

Count 2.00 6 11 7 2 26

3.00 0 7 26 3 36

Cross-validation 4.00 0 1 3 27 31
8 1.00 70.0 30.0 .0 0 100.0
% 2.00 23.1 42.3 26.9 7.7 100.0
3.00 .0 19.4 72.2 8.3 100.0

4.00 0 3.2 9.7 87.1 100.0

a. Cross validation is done only for those cases in the analysis
b.. 80.6% of origin group cases correctly classified.

c.. 68.9% cross-validated grouped cases correctly classified.

Table 11. Default values of the function trainscg.

Epochs 100 | Maximum number of epochs to train
Show 25 Epochs between display (NaN for no displays)
Time Inf Maximum time to train in seconds
min_grad 1-e6 | Minimum performance gradient
max_fail 5 Maximum validation failures
Sigma 5.0e-5 | Determine change in weight for second derivative
approximation
Lambda 5.0e-7 | Parameter for regulating the indefiniteness of the Hessian
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Figure 3. The first diagram of neural network.
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Figure 4. Confusion matrices of the Zeppelin line.
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ABSTRACT

In wide range of chemical, petrochemical and energy processes, it is not possible to manage

without slurry bubble column reactors. In this investigation, time average local gas holdup was
recorded for three different height to diameter (H/D) ratios 3, 4 and 5 in 18" diameter slurry
bubble column. Air-water-glass beads system was used with superficial velocity up to 0.24 m/s.
the gas holdup was measured using 4-tips optical fiber probe technique. The results show that the
axial gas holdup increases almost linearly with the superficial gas velocity in 0.08 m/s and levels
off with a further increase of velocity. A comparison of the present data with those reported for
other slurry bubble column having diameters larger than 18" and H/D higher than 5 indicated
that there is little effect of diameter on gas holdup. Also, local section-average gas holdups
increase with increasing superficial gas velocity, while the effect of solid loading are less
significant than that of superficial gas velocity.

Key words: slurry bubble column, gas holdup, optical probe.
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1. INTRODUCTION

slurry bubble column reactors have been considered as very important and promising
technologies in multiphase operations such as biological waste water treatment, flue gases,
desulphurization, Fischer—Tropsch synthesis, fermentation production of ethanol and mammalian
cells and hydro—treating of heavy petroleum, Larson, and Tingjin, 2003, Azzopardi, et al.,
2011, Prakash, et al., 2001. The hydrodynamics and reaction kinetics play a major role in the
selection, design, size and performance of these reactors. Since, the reaction regimes are highly
affected by phase holdup and mass transfer which are needed to maintain the gas concentration
in the reaction regimes at certain level, that sustain the reaction progress. While, it should be
interested to study low ratios of H/D as it is used in bulk industrial applications, most published
data are obtained in small column diameters, with H/D ratio greater than ten times.

Some researchers reported that the overall gas holdup is not affected when the H/D ratio above 5,
Parasu, and Joshi, 2000. Numerous authors reported that, in homogeneous regime, the overall
gas holdup is independent on the column diameter when it is greater than 0.15m (except for
highly viscous solution), Joshi, et al., 1998, and Shah, et al., 1982. In general, all papers dealing
with column size reported that liquid recirculation and back-mixing increases strongly with
column diameter, Krishna, 2000, Baird, and Rice, 1975, Towell, and Ackerman, 1972.
However, the data reported in open literatures are disordered and have to be assessed and
validated at different conditions and scaling up design parameters, Forret, et al., 2006.

Recently, the data which has been published in literatures of several investigators, Vandu, and
Krishna, 2004, Chilekar, 2007, Yu, et al., 2012, is also in agreement with the proposed
influence of the column diameter on the hydrodynamics of the slurry bubble column which is in
same trend with the previously work of, Shah, et al., 1982. They revealed that the gas hold-up
decreases with increase in the column diameter up to 15cm (5.9") due to increase in liquid re-
circulations. Above 15cm diameter there is no influence of column diameter on the measured gas
hold-up up to 5.5 m column diameter. On the other hand, they did not report how the variation
are under different solid loading and low H/D ratios which are essential to achieve reliable
figuring out for scaling up of industrial applications. The lack of complete understanding of the
hydrodynamics of bubble columns under this range of H/D ratios makes it difficult to improve
their performance by right selection and control of operation parameters.

The main objective of this research is to focus on the measurements of hydrodynamic parameters
using four tips optical fiber probe and evaluate the impact of scale and solid loading on the
hydrodynamics of slurry bubble column.

2. EXPERIMENTAL WORK

A large scale Plexiglas column of 18" (45cm) diameter and 115" (292 ¢cm) length was used as a
test contactor in this research, as shown in Fig.1. The column was supported by firm steel
structure to keep it vertical and minimize the vibrations which might affect the measured gas
holdup signals. All experiments were carried out using filtered tap water and oil free compressed
air. A perforated plate was used as a distributor with 1.09% open area (area of open holes to total
area of plate), 241 holes of 3mm diameter placed in a square pitch. The gas flow rate was
regulated by two rotameters to cover the range of flow and the water was used in batch mode
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with varied hydrodynamic height above the distributor according to the H/D ratios used
throughout the experiments in the range of 3 to 5. Glass beads particles of 150 um and 2430
kg/m® density were used as suspended solids with loading of 0, 9 and 20%. The glass particles
were mixed with tap water over night to ensure complete wetting and good liquid distribution
throughout the experiments. Four — tips optical probe was used to obtain the hydrodynamic
measurements. The technical and working details were described elsewhere, Youssef, 2010.
Local probe measurements were taken at five different axial positions (14, 28, 42, 56 and 70") at
the center of the column when the probe tips facing downward. It is well known that the gas
holdup measured by the probe, which is time based, is little different from the overall volume
based gas holdup, that is commonly used. The overall gas holdup based on volume ratio is
defined as the fraction occupied by gas in multiphase system which is measured using the bed
expansion method. The local gas holdup obtained by the probe is defined as:

t
Egt =1 (1)

where, tq is the time which the probe spends in the gas phase and t is the total measuring time,
Xue, 2004.

3. RESULT AND DISCUSSION

The profiles of axial gas hold up were obtained from the measured signals of optical fiber probe
at different slurry concentrations and several ratios of H/D. Three main regions can be
distinguished to the axial gas holdup profile in slurry bubble column. These are mainly
categorized as: the distributor region which is near the column bottom, the bulk region and the
foam or disengagement region at the top of the column, Gandhi, et al., 1999. The relative size
and magnitude of each region would vary depending on operating conditions. In general, gas
holdups were low near the distributor region, relatively constant in bulk region and high in the
top region. These observations are generally in agreement with literatures.

3.1 Effect of H/D ratio on gas holdup

The effect of H/D ratio and suspended solid concentration on axial gas holdup for three
superficial gas velocities 0.08, 0.16 and 0.24 m/s. are properly illustrated in Fig. 2 to 4. It is
worth mentioning, from visual observation that the glass beads blocked some of distributor holes
leading to plume formation during the bubbling of gas in the column near the entrance zone. This
phenomenon led to an earlier regime transition, and decreased the gas holdup. Thus, the low
values of gas holdup that is observed near the distributor could be attributed to a fouled
distributor plate and there will be a negligible effect of coalescence behavior of bubbles as
supported by other researchers, Chilekar, 2007. Gandhi, et al., 1999 reported that the gas
holdup in the distributor region is a net result of the bubble formation, bubble coalescence and
bubble breakup hence, the probe response does not increase substantially throughout this zone.

In the next region i.e. the bulk zone, the behavior of bubbles became more uniform throughout
the experiments due to the higher pressure drop across the distributor, hence the gas was
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bubbling uniformly though the holes over the distributor region. Moreover, gas holdups
measured in the column with 0% and 9% solid loading are slightly different at H/D of 3 and 4,
this result is in agreement with the conclusion revealed by, Lau, et al., 2009. The influence of
the distributor is expected to extend up to an axial height of about 0.7m and beyond that, higher
gas holdup was be achieved through the bulk region and the maximum values were recorded at
the top of the column specially when the H/D ratio equals five. It was also noticed, the increase
in superficial gas velocity enhanced the local gas holdup as shown in Fig. 3 and 4. The main
presence of gas holdup in the distributor region comes from gas bubbles which were drifted by
the high circulation of slurry resulting from the higher gas velocity. Also, it was clearly noticed
from the above mentioned figures that the gas holdup in the above regions (bulk and the top) is
much higher especially at gas velocity 0.24m/s comparing with lowest gas velocity i.e. 0.08m/s.
This observation is agreed with other researches like, Forret, et al., 2006. They explained that
the circulation bubbles may enter the bottom region from the minimum resistance path, and the
presence of the gas distributor dispatch most gas bubbles to the upward direction which enhances
the gas holdup in the above regions.

3.2 Effect of superficial gas velocity

The variation of local gas holdup with superficial gas velocity at different solid concentrations
were illustrated in Fig. 5, 6 and 7. From these figures, it is evidently shown that gas holdup is
increasing continuously with increasing of superficial gas velocity at all slurry concentrations
from 0 — 20%. These increments are very slow and slight in the distributor zone especially when
the slurry concentration is elevated to 20%, but in general there is no significant change in gas
holdup under these conditions as shown in Fig. 5.

On the other hand, an obvious increase in gas holdup at bulk and top regions for all solid
concentrations was found but it was decreasing with increasing the loading concentration till it
reached the lowest values at 20% concentration. This may be attributed to the reduction in
bubble break-up due to increasing suspension viscosity and this is compensated by availability of
larger bubbles which have higher breakage rate as agreed with, Prince, and Blanch, 1990. Such
an increment in gas holdup was not recorded at low gas velocities for example in 0.08m/s, but it
was a distinguishable increase in gas holdup at higher gas velocities from 0.16 to 0.24 m/s in
bulk and progressively in the top regions due to the high gas holdup in the top region which
extended further down the column at higher gas velocities. While the increment of slurry
concentration has incompatible effect with gas holdup and superficial gas velocity has
affirmative gradient effect with gas holdup.

Generally, according to numerous researchers, Koide, et al., 1984, De Swart, and Krishna,
1995, Krishna, et al., 1997, the increase of gas holdups obtained at high gas velocities can be
attributed to the higher rate of bubble break-up caused by interaction of turbulent eddies with
bubbles. The presence of solid particles can cause a dampening effect on bubble break-up rate
due to higher suspension viscosity where the probe response does not increase substantially
above a particular velocity which is specified by, Xue, 2004, up to 0.35m/s. So, the optical probe
response recorded in this study for different superficial gas velocities along with various solid
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concentration match with the behavior of gas holdup which was proved by the previously
mentioned researches.

4. CONCLUSIONS

The effect of low H/D ratios on gas holdup measured by optical fiber probe in large scale slurry
bubble column was studied by analyzing the experimental results under operating condition of
solid loading and superficial gas velocity. It was found that operating under low H/D ratios gave
reasonable values of gas holdup and there is significant variation along the axial direction. As
well as, the four tips optical fiber probe which was used in this investigation was able to get
reasonable data within good agreement with open literatures. where, the data which have been
obtained for gas holdup led to the following finding:

5.

1-

At H/D ratio as 3 under different operating conditions, the local gas holdup increased
with axial direction and superficial gas velocity become more identical. While, it
decreased with elevation of slurry concentration. At the highest solid loading, almost
about 20% the trend approached steady state along the height, but with less addition of
solid the gas holdup it increased progressively throughout the axial distance.

At H/D ratio as 4 with same operating conditions as previous ratio, the gas holdups
obtained significantly varied along the column at all solid loadings and there was no
identical values along the height with an obvious increasing of gas holdup in comparison
with the 3 H/D ratio.

At H/D ratio as 5 under the previously mentioned operating conditions, the gas holdup
increased along with axial height and approached the value of 0.34 and 0.25 at 9% and
20% loading of solid respectively. This increment started with low value in the region
near the distributor and proceed toward the highest value where it approached steady
state at this point. The increase of gas flow rate enhanced the gas holdup as expected and
had an advantage of approaching steady state early.
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Figure 2. Variation of local gas holdup with axial distance for different solid concentrations and
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Figure 3. Variation of local gas holdup with axial distance for different solid concentrations and
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ABSTRACT

Solar energy usage in Iraq is facing many issues; one of those is the accumulation of the dust

on the surface of the solar module which would highly lower its efficiency. The present work
study the effect of dust accumulation on installing fixed solar modules with different inclined
angles 15° 33° 45° 60°. Evaluation of the solar modules performance under different
circumstance conditions such as rain, wind and humidity are considered in study of dust effect
on solar module performance. The results show that the lowest output average efficiencies of
solar modules occurs at 15° horizontally inclined angle are 7.4% , 6.7% , 8.0% , 8.1%, and 8.4%
for the corresponding months; June, July, August, October, and September respectively while
the highest average efficiencies are 8.9% , 9.1% , 9.4% , 9.6% , 9.6% for an inclined angle 60°
for the same month. lose power output rate for angle 15° horizontally inclined solar modules are
as following 32.6%, 32%,31.6%,34.9%,26.2% for months; June, July, August, October, and
September respectively , while the results for the 60° horizontally inclined solar module are
26.9%, 17%, 24.2%, 28.1%, and 9.7% for the same five months. As a final result is that the 15°
horizontally inclined solar panel is less efficient compared with the 60° horizontally inclined
solar panel and the difference in the results in the months was mainly due to the weather changes
(summer and winter). The solar modules efficiency and lose power rate values for the inclination
angles 33° and 45° are ranged between the values of 15%nd 60° inclination angles.

Keywords: dust, solar module, humidity, wind, and efficiency.

g Cana g Adlida Jra Ll g5ag skl Lala) pwadd) ) o) Cilaa g BeliS o jLad) il
Ay dlad) el AAl

Opa 2o AL paild il ales
ieale lls e Lisa 2t
aiy Arala/Auigh A0S/ A8Ual) Auaia and alaky Arala/Auigh) AS/A8U duaia aud
AaMAl

MY mhas e sl &S) 5 e JSLEA o328 aal (e Banl 5 58S (L 4a) 5 G jad) L dadd) A8 lipdas o
Oe Al Y 3US e jladl o815 5l Al jo a5 sl Jasdl 8 Sl IS8 Lol Galiail s ) dpsadll
1ol il o il gz s Sl cu BY1 e 60°,45° 330,150 Adlise oo Ll 52 A5 Lpesad 15l s P8
Y el ) uii sk Vs Lo A A ol sal ,.)Umél‘ Joba Jie dsall cig B Cint dpsalll £ )
, T.4%, 7.6%, 8%, s A duai @Y aalB5%s 5 el owadll &l da il 5l s

56



Number 2 Volume 22 February 2016 Journal of Engineering

, 8.9%, 9.1%, 9.4% Nl duai iy N5l e TV cppii Jsli Gl jsai 0lais 5e8Y8.1%8.4%
el dad ol () Al At 3] pe 600 Aus) 3 Bl ousadll £ 5 il 5 ) S3) 5381 ] 9.6%,9.6%
eiY 262, 34.9% , 32.6%, 32% 31.6% Vsl cilias 150 Ay Jilall asedll 5l As Al 5 )
41l 26.9% 17%, 24.2%, 28.1%9.7% (sl il Lty M 5ill e S gl 5 Isbl A 55a3 ) Glods
Y e 159 45l il = 1) ) Aaadle (S il 28 (4 600 As) s Jilall sl 5l Ll 3 5S3al) gesY)
Ao s (+L08 5 Canall) A HedSU AU Lyt o 5 B8Y) ae 60 dash e Cafial) ) 2 Sl pa A jle Alad JB)
a8 seana 500 5Lk 5 4505 330 Lelaa Ly (Al 5 Lonsalill =) 1Y) 36l Ay gl gl 5508 8 ) gumy AN
6005 159 iy o) 1 ilsl)

e 6ch‘)n «ujl:.)l\ cM\ C,&S\ ¢ Judl :M) Clals

1. INTRODUCTION

Most renewable energy sources come from external sources to the earth, primarily from the
sun. The most important point is that renewable sources do not run out, in contrast to
conventional energy sources based on fossil fuel such as carbon, petrol and gas. The amount of

solar energy reaching the earth every year is roughly 10%*J. This is more than a thousand times
the annual energy consumption of the entire world, indicating that (in principle) the worldwide
requirement for energy could be supplied by solar energy. This energy is capable of producing
large quantities of electricity for present as well as for future uses, Delfina, 2008. Iraq has a
good value of solar insolation and the maximum value of insolation distributed in the mid and
south of it, as well as, the average annual insolation of Baghdad is equal to about 5.27
kwh/m?/day. This value is supported by the solar insolation data from NASA research center.
Over years, many researchers have studied the characteristics of PV modules and the factors that
affect them. Walker, 2001 has proposed a MATLAB-based model of a PV module to simulate
its characteristics and to study the effect of temperature, insolation, and load variation on the
available power . The mono and poly crystalline modules output are greatly dependent on the
solar radiation perpendicular to the modules, whereas the amorphous panel works even with the
diffused radiation. Though the efficiency of the amorphous panels is less but their energy yield is
high compared to the others in some cases. Moreover the output of crystalline modules suffers
more from dust accumulation as compared to the amorphous modules.

Qasem et al., 2012, exposed the south-facing glass samples at different tilt angles under
outdoor environment conditions for one month in Kuwait. A non-uniformity index defined as
transmittance values at the top, middle, and bottom of the samples. Non-uniformity of the
vertical sample was found to be 0.21%, while the sample tilted at 30° showed 4.39% non-
uniformity between the three sections . This observation suggests non-uniform dust deposition
as a function of tilt angle .

Lorenzo et al., 2013, investigated the impact of non-uniform dust deposition pattern on PV
arrays in a 2 MW PV park in south-eastern Spain. It has been observed that dusty modules have
significantly lower operation voltage than the less dusty or clean ones in the same string.
Partially-shaded cells act as loads to clear cells connected in series. Consequently, more output
power losses occur in the formation of hot spots. Infrared (IR) images taken from the array
showed that hot spots formed in areas with higher dust concentration with up to 23° C higher
compared to that of the surrounding panel surface . In long-term exposure, these hot spots cause
the thermal degradation of the PV arrays.

The objective of the present work is to study the effect of dust on the efficiency and the
efficiency loss of silicon mono crystalline solar modules at different tilt angles at Al-Jadryia
climate conditions.
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2. DUST EFFECT ON THE PV SOLAR PANEL

Soiling is a term used to describe the accumulation of dirt on solar panels that reduces the
amount of sunlight reaching solar cells. Also Soiling includes not only dust accumulation, but
also surface contamination by plant products, soot, salt, bird droppings, and growth of organic
species, adversely affecting the optical properties. “Major performance-limiting factors other
than soiling include temperature effects (primarily in mono-crystalline silicon and multi-
crystalline silicon PV modules), high relative humidity (RH), high wind speed, corrosion, and
delimitation of the energy conversion devices”. It is often a problem in the areas where it is not
raining for months in a row. This has a cascading effect on performance, from the reduction of
sunlight to causing reduced energy absorption by solar cells. This can cause the whole system to
work harder and consequently reduces energy output, Al-Hasan, 1998. While dust is term
generally applying to minute solid particles with diameters less than 500 um. It occurs within the
atmosphere from various sources such as dust lifted up by wind, pedestrian and vehicular
movement, volcanic eruptions, and pollution. Dust would also refer to the minute pollens (fungi,
bacteria and vegetation) and micro fibers (from fabrics such as clothes, carpets, linen, etc.) that
are omnipresent and easily scattered through the atmosphere and consequently, settle as dust,
Mani and Pillai, 2010. Studying the dust effect on the PV panel will help to select panel
technology for a particular type of application and location. The accumulation of dust particles
on the surface of PV module greatly affects its output power, especially in the desert areas.

However, desert countries are suited for photovoltaic power generation due to abundant
availability of sunlight throughout the year. Experiments have shown that just 2 mg/cm?of fine
dust on solar panel can reduce its output by nearly 30%. At 8 mg/cm? dust deposition, output is
reduced to just 10% of that obtainable for a clean panel, Horenstein et al., 2011. In bigger PV
solar panels, more work forces and machines will be needed to keep making the rounds and
cleaning the panels, especially after a sand storm CSEM, 2010.The dust accumulation on the PV
panel surface depends on different parameters like PV panel inclination, kind of installation
(stand alone or on tracker), humidity, etc.

3. OUTPUT CHARACTERISTICS OF SOLAR MODULES

The output characteristics of solar cells are expressed in the form current-voltage curve. A test
circuit and typical current-voltage curve produced are shown in Fig.1. The current-voltage curve
is produced by varying R, (load resistance) from zero to infinity and measure the current and
voltage along the way. The point at which the current-voltage curve and resistance (Ry) intersect
is the operating point of the solar cell. The current and voltage at this point are I, and V,,
respectively. The largest operating point in the square area is the maximum output of the solar
cell as it's demonstrated in Fig.2. Fill factor (FF) is the relation between the maximum power
that the panel can actually provide and the product Isc .Voc. This gives you an idea of the quality
of the panel because it is an indication of the type of I-V characteristic curve. The closer FF is to
1, the more power a panel can provide. Common values usually are between 0.7 to 0.8. Solar
module efficiency (n) is the ratio between the maximum electrical power that the module can
give to the load and the power of the solar radiation (P.) incident on the module. This is
normally around 10-12%, depending on the type of cells (mono-crystalline, polycrystalline,
amorphous or thin film). Considering the definitions of point of peak power and the fill factor as
its follows:

Pmax — FF ISCVOC

n=-_ = FF = (0
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FF = wlmp 2)

ISCVOC

4. EXPERIMENTAL MEASUREMENTS
4.1 Description of the System

Four different tilt angles were chosen for the fixed system of four monocrystalline solar

module (solar module specification are available in Table 1). The first angle was (15°) with the
horizon as it is assumed to be the appropriate angle for summer application because the average
of solar zenith angle is about (15°), in addition to that Iraq suffers from an increase of solar
radiation in Summer. The second angle was (33°) with the horizon as it is assumed to be the
appropriate angle in Baghdad for the annual applications to get a good match with latitude of
Baghdad (33°), according to the information data of NASA (NASA 2002) and other research
results, Al-Sudany 2009. The third and fourth angles are 45° and 60° respectively with the
horizon as it is assumed to be the appropriate angle for winter applications because the average
of solar zenith angle is about 45° and 60°, in addition to that Iraq suffers from a decrease of solar
radiation in Winter due to optical path of radiation (air mass) compared with that in Summer
season. Four similar solar panels with power of 50 watt (dimensions; length, width, and
thickness =845x545x35mm) are fixed at previous angels.
All of the modules are calibrated according to standard procedure supplied by the manufacturer
and to be cleaned at the beginning of every month (June, July, August, September, and October)
to study effect of accumulated dust for each month. The solar modules system is available in
Fig.3.

Solar module analyzer (prova 200) is used for testing and maintenance of solar panels and
modules (see Fig.4). Table 2 provides the general specification of prova 200. Table 2 provides
the accuracy and solution of the solar module analyzer. The prova 200 solar panel analyzer can
be used in the manufacturing and testing the solar panels and cells. The portability of this
device is useful in quality assurance at various stages on the production line and can be taken
from one location to another .

Data Logging Solar Power Meter TES-1333R is used for measuring solar radiation flux
(W/m?) (see Fig.5). Besides dealing with high power (up to 2000W/m?2 / 634Btu) it also handles
a range of spectrum, from UV (400nm) to IR (1000nm).The sensor is a photovoltaic sensor,
which ensures stable and good measurements over a long time. The instrument is also Cosine-
corrected for the angular incidence of solar radiation. Also that TES-1333R has four digit
displays with 0.1W/m2/0.1Btu resolution.

Prova 200 and TES-1333R are calibrated according standard procedure supplied by the
manufacture using on-line software programs.

5. RESULTS AND DISCUSSION

Present work was performed to evaluate the performance of PV solar module under the
effect of natural dust deposition on the fixed solar panel with different tilt angles and fix solar
radiation 1000 W/m? (to get this values at outdoor condition, depending on time and tilt angle
of the module; for example module with tilt angle 15° will be have a solar radiation 1000
W/m? at 11.00 a.m.). The exponential work have made during the five months from June to
October 2014. This work is done at an average temperature of 40°C and average wind speed 2
km/hr. Figs.6 and 7 show the relation between the efficiency and efficiency drop for Jun
month as a function of the deposition period for four tilt angles: 15° 33° 45° and 60°
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respectively. Fig.8 to Fig.15 demonstrate the efficiency and efficiency drop for months; July,
August, September and October respectively. The perturbations in the curve are due to the
effect of weather conditions which occur during the test period such as wind, dust storm, and
rainfall .The first day of month represents the start of the work where all the panels were
cleaned. In Jun, it can be seen that the value of output power losses reached the maximum
value compared with that of the other months July, August, September and October because a
heavy dust storm was occurred which caused a deposition of dust on the solar panels surface.
It can be seen after eight (8) days for deposition period that the losses were increased with
respect to decrease in efficiency as the deposition period continued and then followed by wind
storms that lead to natural cleaning and hence to a reduction of losses. With the deposition
period continued the losses increased. Consequently, the maximum efficiency losses reached
about 32.6% for the tilt angle 15°in June and the average of losses for this period are about
23.8%.0n the other hand, the case of other tilt angles 33°, 45° and 60° facing the south, the
losses in the efficiency of solar modules are less than that of solar module at tilt angle 15°
because the increasing of the tilt angle of the PV solar panel leads to the reduction of the
deposited dust on the solar module surface due to the small change of the gravitational force
for dust particles and therefore leads to the decrease of losses resulting from the accumulation
of dust. From Fig.8 it can be seen that the maximum losses in June are about 30%, for tilt
angle 33°, 28.4 % for tilt angle 45°, and 26% for tilt angle 60°, it can be seen that tilt angle 60°
Is much butter compared with the other angles.

In June, although a heavy dust storm was occurred after 13 days of deposition period with
average value of relative humidity about 34.3%, but the average efficiency and losses in
efficiency were reduced than other months due to the activity of high winds which plays an
important role in reduction of accumulated dust on the solar modules surface. In addition to
that this month was characterized by high temperatures with average of 46.1°C and low
humidity which leads to decrease the adhesion force for dust particles on the solar modules
surface which means for dry months the accumulated dust is low. The weather conditions for
this month, play an important role in reducing the accumulation of dust on the solar panels
surface; therefore, the maximum efficiency losses reach to 32%, 30.3%, 30 % and 17% for
fixed solar panels at tilt angle (15°, 33°, 45°, and 60°) respectively, whereas the average losses
in efficiency for this month reached to 24%, 18%, 15.4% and 8.8% for all four cases. This
month is similar in behavior with the dry months (June and July), which is characterized by
dust storms occurred for several times , While the maximum losses in efficiency reached to
31.6%, 30.4%, 28.4% and 24.2% for fixed solar panels at tilt angles (15° 33°, 45°, and 60°)
respectively because the activity of winds which plays an important role in reduction of
accumulated dust on the solar panels surface and low humidity which leads to decrease the
adhesion force for dust particles on the solar panels surface, Where the average value of
humidity for this month of about 25%, whereas the average losses in efficiency for this month
reached to 20.3%, 16.6%, 10.46 and 8.6% for all four cases. Finally we can see that the
losses in this month are less than previous months.

From these results it can be seen that the average loss in the efficiency of fixed solar panel
at tilt angle (60°) are less than that of solar panel at tilt angle (33°) for the before mentioned
reason. From all results which are previously mentioned, this method is very effective for
reducing the accumulation of deposited dust on the solar panel surface dramatically and
effectively. This is illustrated in the Figs.16 and 17 for five months of the year, namely: June,
July, August, September, and October .
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The percentage efficiency loss of mono-crystalline solar module with tilt angle 33° is 25%
during period date 1 July 2014 to 1 August 2014(at Baghdad/ Al-Jadryia city), while the
percentage efficiency loss for the same type of solar module and during period date 1 July
2012 to 1 August 2012 with tilt angle 30° is 15% (at Kuwait city), Qasem, 2013. He also
found the long exposure patterns (30 day) led to higher losses in efficiency of 19.4% in
comparison to 14.8% for the short exposure (few days). While the present work result for the
same approximated conditions is 12% and 20% respectively.

The percentage efficiency loss of mono-crystalline solar module with tilt angle 15° is 33%
during period date 1 September 2014 to 20 September 2014 (at Baghdad/ Al-Jadryia city),
while the percentage efficiency loss for the same type of solar module and during period date
1 September 2011 to 30 September 2011 with tilt angle 15° is 45% (at University of
Technology/ Energy center), Jasim et al., 2015.

6. DUST PARTICLE SIZE

A sample of dust 0.3gm has been collected from the panel which was instilled at altitude of
10 m. The sample weighted then it has been solvent in 100 mm of water. The sample is put in
grain size measurement device (SALD-2101) and by special program; the range of grain size
is collected. The result of grain size test is shown in Fig.18 (the analysis of dust grain size has
been made at ministry of science and technology). The graph shows that 10% of the total
amount has an average diameter of 0.798um, 50% of the total amount has an average
diameter of 9.146um, and 75% has an average diameter of 16.800um. As it clear, the larger
amount of dust belongs to the particles which have bigger diameter. Because the bigger grains
are heavy, they tend to instill on the surfaces because of the gravity. Whenever the altitude
increased, the dust particle becomes lighter and smaller and that is the reason behind this
small dust size grain. As it is mentioned before the finer particles become more adhesive and
stick to the surface of the solar panel, reduce panel's performance and make the cleaning
operation more difficult.

7. CONCLUSION

The results of the experimental work are used for evaluating the performance of PV solar
panels under natural deposition of dust in Baghdad environment conditions. The losses in the
power of fixed solar panel at tilt angle 60° with the horizon are less than that of solar panel at
tilt angle 15° with the horizon. The weather conditions affect significantly on the
accumulation of dust on solar panels which leads to effect on their performance such as the
rain in some months causes natural cleaning for PV solar panels especially during October.
The high wind speed plays an important role in natural cleaning which leads to reducing the
accumulated dust on the solar panels surface especially in summer months. The accumulated
dust on the solar panels surface in summer months is more than that in winter months.

Nomenclature

FF =fill factor, dimensionless.

I =photocurrent of the solar cell, A

Im, Imp, Imax =mMaximum current of solar cell, A
Isc =solar module short- circuit current, A

K =Boltzman’s constant, J/K

L =latitude angle, degree

N =number of aerosol particles.

61



Number 2 Volume 22 February 2016 Journal of Engineering

PV =photovoltaic.

P, =solar radiation, W/m?

Pm, Pmp, Pmax =maximum power, W

R. =load resistance, Q

Vmp =solar module maximum voltage, V
Voc=solar module open-circuit voltage, V
n =solar module efficiency, %
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Table 1. Technical specification of used solar module at standard test conditions (STC)

Rated power 50 W
Voltage at maximum power (Vmax) 17.2V
Current at maximum Power (Imax) 2.9A
Open circuit voltage (Vo) 21.8V
Short circuit current (lsc) 3.25A
Total number of cells in series 36
Module weight 6 kg

Table 2. Specification of solar module analyser (prova 200).

Battery type Rechargeable, 2500mAh(1.2V)*8
AC Adaptor AC 110V or 220V input
DC 12V / 1~3A output
Dimension 257(L) * 155(W) *57(H) mm
Weight 1160g
Operation environment 0°C ~ 50°C,85% RH (relative humidity)
Temperature coefficient 0.1% of full scale/ °C
(<18°C or >28°C)
Storage environment -20°C ~ 60°C ,75% RH
accessories User manual * 1, AC adaptor*1
Optical USB cable*1
Software CD *1, software manual *1
Kelvin clips( 6A max) *1 set

DC voltage measurements

Range Resolution Accuracy
0-6 0.001V +1% +(1% of Vypent9 mV)
6-10 V 0.001V +1% +(1% of Vopen+0.09 V)
10-60 V 0.01V +1% +(1% of Vopen+0.09 V)
DC current measurements
Range Resolution Accuracy
0.01-6 A 0.1mA 1% (1% Of lghont0.9 MA)
0.6-61A 0.1mA +1% +(1% of lghort0.9 MA)
1-6 A 1mA +1% +(1% Of lgyr£0.9 MA)
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Figure 1. Current-voltage curve is produced by varying Rt (load resistance) from zero to
infinity, Gracia et al., 2006.
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Figure 2. Square area gives maximum power output of the solar module, Gracia et al., 2006.
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Figure 3. Photograph of the setup of the fixed solar modules system with different tilt angles
15°,33°, 45° and 60°.

Figure 4. Prova 200 solar panel analyzer.
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Figure 5. Solar power meter.
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Figure 6. Efficiency versus deposition period for fixed panels at tilt angles (15", 33", 45°
and 60 ") in June.
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Figure.7 The efficiency losses versus deposition period for fixed panels at tilt angles (150 , 33

o , 45 and 60 ) in June.
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Figure.8 The efficiency versus deposition period for fixed panels at tilt angles (15", 33",

45" and 60" ) in July.
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Figure.9 The losses of efficiency versus deposition period for fixed panels at tilt angles

(15°,33",45 and 60" ) in July.
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Figure.10 The efficiency versus deposition period for fixed panels at tilt angles (15", 33",

45" and 60" ) in August.
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Figure 11. The losses of efficiency versus deposition period for fixed panels at tilt angles

(15°,33",45 and 60 ") in August.
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Figure 12. The efficiency versus deposition period for fixed panels at tilt angles (15°, 30°,

45°and 60°) in September.
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Figure 13. The losses of efficiency versus deposition period for fixed panels at tilt angles

(15°, 33°, 45°nd 60°) in September.
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Figure 14. The efficiency versus deposition period for fixed panels at tilt angles (15°, 33°,

45°and 60°) in October.
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Figure 15. The efficiency losses versus deposition period for fixed panels at tilt angles
(15°, 33°, 45°and 60°) in October.
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Figure 16. The monthly average efficiency due to dust in Baghdad for fixed panels at tilt
angles (15°, 30°, 45°%nd 60°).
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Figure 17. The monthly average loss in the efficiency due to dust in Baghdad for fixed
modules at tilt angles (15°, 30°, 45%nd 60°).
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ABSTRACT

This work is concerned with the study of the effect of cement types, particularly OPC and
SRPC, which are the main cement types manufactured in Irag. In addition, study the effect of
mineral admixtures, which are HRM and SF on the resistance of high performance concrete
(HPC) to internal sulphate attack. The HRM is used at (10%) and SF is used at (8 and 10)% as a
partial replacement by weight of cement for both types. The percentages of sulphate investigated
are (1,2 and 3)% by adding natural gypsum as a partial replacement by weight of fine aggregate.
The tests carried out in this work are: compressive strength, flexural strength, ultrasonic pulse
velocity, and density at the age of 7, 28, 90 and 120 days.

The results indicated that the SRPC mixes showed lower reduction in the properties of
concrete compared to OPC mixes at all ages of test. The greatest reduction in compressive
strength was at the age of (90) days for OPC mixes and the age of (28) days for SRPC mixes.
After that, the concrete showed the lower reduction for all percentages of sulphate in fine
aggregate. The results also indicated that the performance of HRM showed better results than the
SF, and the replacement of 10% SF exhibits better results than 8% SF for both types of cement.

Key words: high performance concrete , internal sulphate attack , ordinary portland cement,
sulphate resisting portland cement , high reactivity metakaolin , silica fume.
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1. INTRODUCTION

High performance concrete (HPC) is concrete with properties or attributes which satisfy the
performance criteria. The improved pore structure of high performance concrete is mainly
achieved by the use of chemical and mineral admixtures. HRWRA allow substantial reduction in
the mixing water. Mineral admixtures provide additional reduction to porosity and improve the
interface with the aggregate and hence enhanced durability performance.

Most applications of high performance concrete to date have been in high rise building, long
span bridges and some special structures. Generally, concretes with higher strength and attributes
superior to conventional concretes are desirable in the construction industry and result
economical advantages. Therefore high performance concrete can be considered a logical
development of concretes in which the constituents are proportioned and selected to contribute
efficiently to the various properties of concrete in fresh as well as in hardened states. Prassad &
Jha, 2005.

Concrete durability is important, it may deteriorates due to several causes among them are:
sulphate attack, corrosion of the reinforcement, alkali- aggregate reactivity, freezing and
thawing. Sulphate attack which is the subject of this research and it seems to be the most
common cause of concrete deterioration in Iraq. Sulphate attack can be external or internal. This
work focuses on the durability of HPC to internal attack related to sulphate within the fine
aggregate for both types of cement (OPC and SRPC). This type of attack occurs in different
types of concrete structures which justifies the purpose of the use of OPC in the resistance of
internal sulphate attack.

2. Internal Sulphate Attack

Sulphates are found in concrete mix from internal sources such as aggregates, cement, and
water. These sulphate react with cement paste to form calcium sulphoaluminate. Calcium
sulphate (gypsum) is considered more important for this type of attack, because of the addition
of gypsum to the cement at the grinding stage to control the hydration speed and the setting of
cement paste. Calcium sulphate is about 95% of the total sulphate in the Iragi sand. Al-Khalaf,
1983.

Al-Rawi, 1981 stated that the presence of sulphates in sand or in any concrete constituent
will cause reaction with some cement compounds, mainly CsA. Such a reaction was associated
with considerable increase in solid volume. This may be harmful to concrete structure because of
the large stresses induced. This harmful effect was demonstrated by a larger reduction in
compressive strength which was apparent at early ages (as early as 3 days). This reduction will
increase with time if the sulphate content was high, but it will be minimized by autogenous
healing if the sulphate content was low, as in this case it depleted within a short period after
casting concrete.

Al-Rawi, 1985 pointed out that, a major cause of failure of concrete structures in the Middle
East was the contamination of sand with sulphates in the form gypsum. The research pointed that
the gypsum is normally added to cement to retard early hydration and prevent quick set. The
total sulphate in concrete may, therefore, be high enough to cause internal sulphate attack. This
may led to deterioration and possibly cracking and failure of concrete structures. To avoid the
adverse effects of sulphates, several specifications put an upper limit on sulphate content in
aggregates or on total sulphates in concrete. In some countries, however, it is difficult to find
aggregates with the required low sulphates content. In other countries, the supply of sulphate free
aggregate may not be indefinite.
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This investigation shows that it is possible to reduce the gypsum added to cement and
consequently raise the upper limit of sulphate content in aggregate. This will allow the use of
huge reserves of sand, hitherto not allowed, with no durability risk or undue loss in concrete
strength. The reduction in gypsum, however, will reduce the grinding efficiency. But this may be
overcome by the addition of a small percentage of pozzolan or lime. Reduction of gypsum will
also cause a slight decrease in setting time of cement, but pozzolan addition will restore the
original setting time.

Al-Robayi, 2005 investigated the resistance of normal and high performance concrete
exposed to external and internal sulphate attack. The research used high reactivity metakaolin as
a partial replacement by weight of cement. The research reached the following conclusions:

e HPC showed better resistance to both external and internal sulphate attack than normal

concrete.

e In internal sulphate attack, there was a reduction in strength at early ages (less than 28
days) for normal and HPC. The reduction was positively correlated to the SOs presented
in fine aggregate. At later ages (more than 28 days) in HPC, the reduction in strength
decreased while in normal concrete increased continuously. The pozzolanic action of
HRM could be the cause of strength improvement.

Al-Janabi 2007 investigated the behavior of high performance concrete exposed to internal
sulphate attack. Two types of pozzolans were used HRM and FA with OPC and one type of
pozzolan was used HRM with SRPC, as a partial replacement by weight of cement. Results
indicated that the SRPC gave the same reduction in strength of OPC, and the reduction in
strength was increased with the increase of (SO3)% in fine aggregate, but they regained strength
after the consumption of CsA. The study also showed that HRM gave higher strength than FA in
all ages of the tests because of the higher reactivity of metakaolin compared to fly ash.

3. EXPERIMENTAL WORK
3.1 Materials
3.1.1 Cement

Two types of Portland cement are used in this work. The first is ordinary Portland cement
(OPC) and the second is sulphate resisting Portland cement (SRPC). Both are produced in Iraq
commercially known as (TASLUJA) for OPC and (AI-JESER) for SRPC. The chemical
analysis of the two types of cement are given in Tables 1 and 2 respectively. The results
conform to the Iraqi specification 1QS N0.5/1984.

3.1.2 Fine aggregate

Natural sand from Al-Ekhadir region is used for concrete mixes of this work. The grading
and physical properties within the limit specified by Iragi standard 1QS N0.45/1984, as shown in
Table 3.

3.1.3 Coarse aggregate

Crushed gravel has been used as a coarse aggregate with a maximum size of (10 mm). It is
obtained from Al-Nibaee region. The grading and physical properties within the limit specified
by Iragi standard 1QS No0.45/1984, as shown in Table 4.

3.1.4 Mixing water
Tap water is used in preparing all mixes.

3.1.5 High range water reducing admixture (HRWRA)
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A high range water reducing admixture (superplasticizer) commercially known as
EUCOBET SUPER VZ manufactured by Swiss Chemistry Company. This type of admixture
conforms to the ASTM C494 type G.

3.1.6 Mineral admixtures

e High reactivity metakaolin (HRM)

Kaolin is a local Iragi material. It has been grinded by air blast to obtain high fineness of
kaolin, then burned in a controlled temperature furnace for one hour at 700C°. The chemical
composition and physical properties of HRM are shown in Table 5. HRM used in this work
conforms to the requirements of ASTM C618-03.

e Silica fume (SF)
The chemical composition and physical properties of SF are shown in Table 6. SF used in
this work conforms to the requirements of ASTM C1240-03.

e Strength activity index
The strength activity index for HRM is performed according to ASTM C311-02 and for SF
according to ASTM C1240-03. Table 7 shows the strength activity index for mortars.

3.1.7 Natural gypsum

The natural gypsum (CaS0O4.2H20) has been grinded by the hammer and passed through the
same sieves of sand, and then added. The natural gypsum contains (43.73%) of SOs, which
quantity added to the sand is measured according to this equation:

W=(R-M%)xS/N 1)
Where:
W: the required weight of natural gypsum (kg);
R: the percentage of SOs desired in sand,;
S: the weight of sand in mix (kg);
M: the actual SOz in sand (0.32%);
N: the percentage of SOs in the used natural gypsum (43.73%).
The sand has been reduced relative to gypsum added in the mix.

3.2 Mix Design

Design of HPC mixes to achieve characteristic compressive strength of 50 MPa at 28 days,
are made according to the American Method ACI 211.4R-93 as shown in Table 8. The cement
content is (513 kg/m3) and the W/C is 0.32. The slump required for all mixes is (100 mm).
According to the mix design procedure, the mix proportion is (1: 1.21: 2.03). Then These mixes
have been studied by adding different percentages of sulphate in fine aggregate of (1, 2 and 3)%,
at the age of 7, 28, 90, and 120 days.

3.3 Preparation of Concrete Mixes

The mixing process is performed by hand mixing according to ASTM C192-02. Firstly, the
sand is well mixed with the gypsum to attain a uniform mix. After that the cement is mixed with
required quantity of HRM or SF powder then added to the mix. Finally, the gravel is added to the
mix and the whole dry materials are well mixed for about 2 minutes. The required amount of tap
water and HRWRA will be added gradually and the whole constituents are mixed for further 2
minutes to get a homogenous mix.
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After mixing, the concrete mix is placed in the steel moulds after lubricating them with oil to
avoid adhesion with concrete after hardening. The specimens are compacted using a vibrating
table for sufficient period, in addition to the use of a metal rod to remove any entrapped air as
much as possible. Then the concrete surface is leveled and smoothed by means of trowel, and the
specimens are covered with nylon sheet for 24 hrs. After that the moulds are opened and cured
until testing date.

3.4 Measurement of Workability of Concrete

A slump test is a suitable test to determine the workability for all types of concrete mixes; the
test is performed according to ASTM C143-00.

Many attempts of slump test have been carried out to choose the appropriate dose of
HRWRA to give equal workability of (100 mm) slump for all mixes, which is (1%) by weight of
cement for mix containing (10%) HRM and (1.4 and 1.6)% by weight of cement for mixes
containing (8 and 10)% SF respectively, as shown in Table 8.

3.5 Testing of Hardened Concrete

3.5.1 Compressive strength: The compressive strength test is performed according to the
British Standard B.S. 1881-part 116-1989 , on 100 mm cubes as shown in Figs.1land 2. (No.
of specimens are 324)

3.5.2 Flexural strength: (100*100*400) mm concrete beams are used for testing as shown in
Fig.3. The test is carried out according to ASTM C293-02. (No. of specimens are 192)

3.5.3 Ultrasonic pulse velocity (U.P.V.): Concrete cubes (100*100*100) mm are used in this
test according to ASTMC597-02, using a device commercially known of (PUNDIT) as shown in
Fig.4. (No. of specimens are 288)

3.5.4 Density: (100*100*100) mm concrete cubes are used for density test. The density of
concrete cubes is determined in dry air by measuring the dimensions and weight of specimens
using the measurement feet (vernier) and the electrical scale. The test is performed according to
ASTM C642-97. (No. of specimens are 288)

4. RESULTS

4.1 Compressive strength

The results indicate that the compressive strength decreases with the increase of sulphate
content compared to the reference HPC (0.32%) SOs for OPC and SRPC mixes at all ages of
test, as shown in Figs. 5 to 11.

The results of OPC mixes can be explained as follows:

For mix (MI10), which contains (10%) HRM with OPC, the greatest reduction is (8.20,
13.81, 17.54)% at (90) days and the reduction decreases after that age of (1, 2 and 3)% SOz in
fine aggregate respectively. While for the mixes (SI8) and (SI10), containing (8%) SF and (10%)
SF with OPC respectively, the greatest reduction is (13.66, 20.25, 23.87)% and (10.85, 16.67,
19.51)% at (90) days for (SI8) and (S110), but the reduction decreases after that age of (1, 2 and
3)% SOs in fine aggregate respectively.

Concerning the results of SRPC mixes, they are shown as follows:

For mix (MV10), which contains (10%) HRM with SRPC, the greatest reduction is (7.51,
12.44, 15.03)% at (28) days, but the reduction decreases after that age at 90 and 120 days of (1, 2
and 3)% SOz in fine aggregate respectively.

Whereas for the mixes (SV8) and (SV10), containing (8%) SF and (10%) SF with SRPC
respectively, the greatest reduction is (11.30, 16.34, 19.25)% and (9.33, 14.20, 18.01)% at (28)
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days for (SV8) and (SV10) respectively. The reduction decreases after that age at 90 and 120
days of (1, 2 and 3)% SOs in fine aggregate respectively.

4.2 Flexural strength

The results indicate that the flexural strength decreases with the increase of sulphate content
compared to the reference HPC (0.32%) SOs for OPC and SRPC mixes at all ages of test as
shown in Figs. 12 to 18.

The results of OPC mixes can be explained as follows:

For mix (MI10), the greatest reduction is (3.21, 6.54, 8.57)% at (28) days. After that age of
the test, in (90, 120) days there is an improvement in the regain of the flexural strength of (1, 2
and 3)% SOz in fine aggregate respectively.

Whereas for the mixes (SI8) and (SI10), the greatest reduction is (7.44,9.88, 10.78)% and
(5.72, 7.43, 9.50)% at (28) days for (S18) and (SI10) respectively. The reduction decreases after
that age at 90 and 120 days of (1, 2 and 3)% SOz in fine aggregate respectively.

Concerning the results of SRPC mixes, they are shown as follows:

For mix (MV10), the greatest reduction is (2.27, 4.77, 7.38)% at (28) days, but the reduction
decreases after that age of (1, 2 and 3)% SOs in fine aggregate respectively.

While for the mixes (SV8) and (SV10), the greatest reduction is (5.86, 7.33, 9.16)% and
(4.52, 6.26, 7.88)% at (28) days for (SV8) and (SV10) respectively. The reduction decreases
after that age of (1, 2 and 3)% SOs in fine aggregate respectively.

4.3 Ultrasonic pulse velocity

The results demonstrate a slight decrease in pulse velocity with the increase of sulphate
content compared to the reference HPC (0.32%) SOs for OPC and SRPC mixes at all ages of
test. The ultrasonic pulse velocity results for mixes of OPC show the greatest reduction at (90)
days and the reduction improve after that age at (120) days. Whereas the ultrasonic pulse
velocity results for mixes of SRPC show a greatest reduction at (28) days and the reduction
improve in (90 and 120) days. Fig. 19 shows the effect of sulphate content in fine aggregate on
UPV at 120 days for OPC and SRPC mixes.

4.4 Density

The results show that the mixes of OPC and SRPC exhibit an increase in density with the
increase of sulphate content in fine aggregate at all ages of the test. Generally, the results show a
slight increase in density relative to reference HPC (0.32%) SOa.

Fig. 20 shows the effect of sulphate content in fine aggregate on density at 120 days for OPC
and SRPC mixes.

5. DISCUSION

There are many variables that affect the strength development of different mixes. These
variables are: type of portland cement (OPC and SRPC), the effect of pozzolanic materials
(HRM and SF), and SOs in fine aggregate.

5.1 Effect of Cement Composition
The cement composition difference and relative amounts of hydration products between the
OPC and SRPC are likely to be responsible for the differences in strength results.
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The durability in a sulphate attack depends mainly on C3A content of cement. Thus, it can be
considered the chief contributor to volume change in sulphate attack. Shanahan, and Zayed,
2007.

As shown in Tables 1 and 2, the C3A of OPC and SRPC are (10.04, 2.00)% respectively.
The greater CsA content will influence the relative amounts of ettringite and monosulphate
(calcium aluminate hydrates) initially formed on hydration, and hence the propensity for
expansion by ettringite formation upon sulphate. In addition, any unhydrated CsA remaining
may also result in ettringite formation and expansion. Because the high CsA content, OPC
contains more ettringite and monosulphate than the SRPC. Naik et al., 2006

The low CsA leads to an increase in other compounds of cement (CsS, C2S). These two
compounds are responsible for strength on the one hand and the high fineness of SRPC which
increases the surface area of the (CsS, C2S) on the other hand. Neville, 2002, Shanahan, and
Zayed , 2007

The result of the reaction of C3A with gypsum depends on the CsA content of cement by
forming: Al-Khalaf, 1983
a. Calcium sulphoaluminate (ettringite), containing a high sulphate (C3A.3CaS04.32H20), when
the content of C3A is high.

b. Calcium sulphoaluminate, containing a low sulphate (C3A.CaS04.12H20), when the content
of C3A is low.

In spite of that the durability in sulphate attack is not dependent on the CsA content of
cement only. Shanahan, and Zayed, 2007 have mentioned that the other chemical components
in the cement that control permeability such as C3S/C2S ratio, help to control the rate and
severity of sulphate attack. Increasing CsS content or C3sS/Cz2S ratio in cement generates more
Ca(OH)2 on hydration. This has possibly two effects. First, higher lime content in cement limits
the solubility of aluminates and retards hydrated calcium aluminates. Second, lime availability
increases formation of ettringite. While, cement containing lower amounts of C3S show
improvement of sulphate resistance.

Odler, and Jawed, 1991, have explained that C4AF also produces ettringite, but at a reaction
rate much slower than CsA, and the resulting ettringite crystals contain iron along with
aluminum in the lattice.

As noted in Tables 1 and 2, C4AF of OPC and SRPC are (9.97, 14.47)% respectively. The
effect of the greater relative amount of C4AF in SRPC as compared to the OPC needs to be
considered. Due to the greater quantity of C4AF, ettringite formed in SRPC during sulphate
attack is likely to be Fe-substituted. The iron-substituted ettringite is not expansive or less
expansive. However, in order to achieve this, the Al203/Fe20s3 ratio in CsAF is decreased by the
addition of iron, which in turn raises the C4AF content. Naik et al., 2006, Tikalsky et al., 2002.

Neville, 2002 has stated that the C4AF reacts with gypsum to form calcium sulphoferrite as
well as calcium sulphoaluminate, and its presence may accelerate the hydration of the silicate. In
addition, this compound may form a protective film over C3A; thus, the reaction of C3A with
sulphate ions will be reduced therefore, this compound is more resistance to sulphate attack than
CsA.

Tikalsky et al., 2002 have reported that the C3A content is not the primary factor controlling
sulphate attack, but C4AF is the most beneficial in controlling sulphate attack.

5.2 Effect Type of Pozzolan

The HRM provides higher strength results compared to SF for both types of cement. This
may be either due to the HRM consumes a significant proportion of the lime produced by the
cement hydration to form more (C-S-H) gel than SF, or due to the lower surface area of HRM
than SF. The possibly, high surface area of SF leads to more increase in the surface reaction
between C3A and sulphate ions.
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In addition, the mix containing (10%) SF has higher strength results than (8%) SF for both
types of cement. Generally, this can be explained by the following mechanisms. First, the
replacement of a more portion of Portland cement with SF reduces the total amount tricalcium
aluminate hydrate. Thus, the quantity of expansive ettringite will be less in the cement paste of
concrete. The second mechanism is through the pozzolanic reaction between the SF and Ca(OH)2
released during the hydration of cement, which consumes part of the Ca(OH)2. Furthermore, the
formation of secondary (C-S-H) by the pozzolanic reaction produces a film or a coating on the
alumina-rich and other reactive phases thereby hindering the formation of ettringite., Zelic et al.,
2007.

The different components of the two pozzolanic materials can be the direct reason for the
difference in strength activity. The major components responsible for the pozzolanic reaction of
HRM are silica (SiO2) and alumina (Al203). Headwater resources, 2005, as the pozzolanic
reaction of SF depends mainly on amorphous SiO2. ACI 234R-96

From the chemical analysis of pozzolanic materials, the sum percentage of Al2O3 and SiO2
for HRM is 93.12%, more than the percentage of SiO2 in SF which is 88.30%. The pozzolanic
reaction take place between the components mentioned above in pozzolanic material (HRM and
SF) and calcium hydroxide formed during the hydration process. This leads to the more
cementitious compound produced from the reaction of HRM than SF and leads to densification
of the concrete matrix resulting increase in strength for the same type of cement.

The C3A content of cement should be regarded when discussing the effect of pozzolanic
materials on the type of cement as Lea, 1970 has reported that the pozzolanic cements prove
resistant in the test if made of Portland cement of low C3A content but not exceptionally high
content of reactive silica.

Neville, 2002 has indicated that the replacement of low CsA content cement (i.e. sulphate
resisting cement) with pozzolan, provide a better performance in sulphate resistance.

Kalousek et al., 1972 have reported that partial pozzolana replacement of sulphate resisting
cement is very effective in making the concrete resistant to sulphate attack but that is related to
Si02: R203 ratio in the pozzolana.

According to Lea, 1970 the pozzolan containing high SiO2 nearly (90%) and low R203
(Al203 + Fe203) can increase the sulphate resistance of SRPC.

As reported by Cao, et al., 1997 that the sulphate resistance of pozzolanic materials is
dependent on its composition.

In spite of that the SF has a high SiO2 and low Al20s, but it does not prove an effective
subsistent for enhancing the sulphate resistance than HRM for the same type of cement.

Concerning the results of density and ultrasonic pulse velocity, SF has higher results than
HRM for both types of cement due to the higher fineness of SF than HRM that leads to filling
the pores and to cut the continuity of capillary pores.

The density results increase with the increase of (SO3%) in fine aggregate. This can be
attributed to the presence of ettringite which leads to a denser structure as a result of
precipitation of ettringite within voids and microspores. Zelic et al., 2007.

5.3 Effect of sulphate content in fine aggregate

Gypsum (CaS0a4.2H20) is the main source of sulphate in cement, sand, and coarse aggregate.
It has significant effect on the concrete strength.

The increase of (SO3%) in fine aggregate causes an increase in the reduction of strength
results and the reduction decreases at later ages. Generally, this can be attributed to the
pozzolanic reaction which increases the amount of hydration products and reduces the tricalcium
aluminates in cement. As reported by Al-Rawi, 1981 that the autogenuous healing may take
place in internal sulphates at later ages when pozzolan replaces Portland cement and result in an
improving in compressive strength. In addition to the pozzolanic reactions, they also have
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possibly another reason either due to the consumption of calcium sulphate while the C3A is still
hydration. Thus, the ettringite decomposes into the more stable compound, monosulphate, or due
to the consumption of C3A while calcium sulphate is still in free state (with no reaction that
causes expansion and deterioration in HPC. Al-Khalaf, 1983, Minard et al., 2007

But the reaction will be slow over time due to the consumption of salts. Thus, the effect of
salts on the strength of concrete is more clearly in the early ages than the later ages for this type
of attack. Al-Nakshabandy, 2005.

The purpose of adding (SO3%) to fine aggregate is because of its high surface area compared
to coarse aggregate. This leads to more increase in the surface reaction between C3A and
sulphate ions. As Al-Salihi, 1994 has stated that SOs from sand has more effect than SOs from
coarse aggregate. The difference between the effects is quite large as in the case of cement and
sand.

While the work done by Ali, 1981 has shown that SOs from cement has more destructive
effect on concrete strength compared to the effect of the same amount of SOz from sand. This is
attributed to the finer cement grains compared to sand grains. Finer grains mean higher surface
area and higher rate of solubility and reaction of SOz in the form of gypsum in cement or sand.

The adopted percentages of (SO3%) in the present work are (1, 2 and 3)%, all of the
percentages have been compared to the reference of (0.32%) SOs, which is less than the
allowable (SO3%) in Iraqi specification (1QS).

In addition, the internal resistance of concrete depends on the total SOs content and must not
exceed certain upper limit. (SOsTot.) of HPC is calculated according to (IQS No0.45/1984). 1QS
indicate that the maximum content of SOz in concrete mixes is (4%) by weight of cement, when
cement content ( > 300 kg/m?) and SOs in fine aggregate is (0.5%).

SOsror. = A + (YIX)XB + (Z/X)XC + (L/IX)xD 2

Where:

A: SO3 content in cement.

B: SO; content in fine aggregate.
C: SO content in coarse aggregate.
D: SO3 content in pozzolan.

X: weight of cement.

Y: weight of fine aggregate.

Z: weight of coarse aggregate.

L: weight of pozzolan.

6. CONCLUSIONS

1. High reactivity metakaolin shows higher strength than the silica fume in all ages of the test
for both types of cement (OPC and SRPC).

2. The employment 10% of SF as a partial replacement by weight of cement exhibits higher
strengths at all ages of test than 8% of SF. However, the 10% of HRM indicates superior
performance in the resistance of HPC to internal sulphate attack than (8 and 10)% SF for
both types of cement.

3. In ultrasonic pulse velocity and density tests, the maximum results in ultrasonic pulse
velocity and density are noted with 10% SF followed by 8% SF and 10% HRM for both
types of cement. However, there is not much of a difference between the performance of 8%
SF and 10% HRM.

4. Sulphate resisting portland cement shows the lower reduction in strength than ordinary
portland cement for mixes containing of 10% HRM and SF at (8 and 10)%.
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The reduction in strength tests increases with the increase of (SO3%) in fine aggregate at all
ages of test, but the reduction decreases at later ages because the pozzolanic reactions can be
the cause of strength improvement for OPC and SRPC mixes. There is an improvement in
the regain of strength after age of (28 and 90) days for SRPC and OPC mixes respectively.

The resistance of HPC to internal sulphate attack depends mainly on the chemical
composition of cement.

The alumina in pozzolanic material has not its effect on the resistance of HPC to (SO3%) in
fine aggregate. Thus, it cannot be considered as additional source to react with SOs. Whereas
HRM has higher alumina if compared with SF (Al203 for HRM =34.65%, and for SF=
0.35%), but it gives higher resistance of HPC to internal sulphate attack than SF for both
types of cement.

Under the sulphate within the fine aggregate up to about 3%, HPC mixes of OPC and SRPC
does not suffer significantly deterioration in all its properties. (SOsTot.) generally is not
much higher than the allowable limit of (SOz) in concrete. The (SOsTot.) for high sulphate
content of (3%) SOz in fine aggregate is (5.64, 5.69, 5.71)% for mixes containing 10% HRM,
8% SF and 10% SF with OPC, and (5.46, 5.51, 5.53)% for mixes containing 10% HRM, 8%
SF and 10% SF with SRPC respectively.
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NOMENCLATURE

I Notation Description I

HPC High Performance Concrete
HRM High Reactivity Metakaolin

SF Silica Fume
HRWRA High Range Water Reducing Admixtures

OPC Ordinary Portland Cement
SRPC Sulphate Resisting Portland Cement
UP.V. Ultrasonic Pulse Velocity
SOsTot. Total Sulphate Content in Concrete
MI10 Mix of OPC and 10% Metakaolin

SI8 Mix of OPC and 8% Silica fume

S110 Mix of OPC and 10% Silica fume
MV10 Mix of SRPC and 10% Metakaolin
SV8 Mix of SRPC and 8% Silica fume
SV10 Mix of SRPC and 10% Silica fume

Table 1. Chemical composition and main compounds of ordinary portland cement.

Oxide Abbreviation by weight% Limits of
composition Iraqi

spec.
No.5/1984

Lime

Silica

Alumina

Iron oxide

Sulphate

Magnesia

Loss on Ignition
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Lime saturation
Factor

L.S.F.
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0.90
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0.66-1.02

Insoluble residue

I.R.

0.15

<1.5%

Main compounds (Bogues eq.)

by weight of cement%

Tricalcium silicate (C3S)

43.85

Dicalcium silicate (C2S)

25.88

| Tricalcium aluminate (C3A)

10.04

| Tetracalcium aluminoferrite (C4AF) 9.97 I

Table 2. Chemical composition and main compounds of sulphate resisting portland cement.

Oxide
composition

Abbreviation

by weight%

Limits of Iraqi
spec. N0.5/1984

Lime

CaO

60.63

Silica

SiO2

21.63

Alumina

Al203

3.79

Iron oxide

Fe203

4.76

SO3

1.69

MgO

2.72

L.O.L

1.94

Lime saturation
Factor

L.S.F.

0.87

0.66-1.02

Insoluble
residue

IL.R.

0.77

<1.5%

Main compounds (Bogues eq.)

% by weight of cement

Tricalcium silicate (C3S)

45.28

Dicalcium silicate (C2S)

27.93

Tricalcium aluminate (C3A)

2.00

Tetracalcium aluminoferrite

(C4AF)
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Table 3. Grading and Physical Properties Table 4. Grading and Physical Properties
of Fine aggregate of Coarse aggregate
Sievesize | Passing | Limits of Iraqi spec. Sievesize | Passing% | Limitsof Iraqi
(mm) % No0.45/1984/Zone 2 (mm) spec. N0.45/1984
10 100 100 375 100 100
| 475 100 90-100 | 0 100 95-100
| 236 85 75-100 | I 5 Y 2060 I
1.18 65 55-90
06 50 3559 | +7 3 0-10 |
03 15 8-30 Physical properties Limits of Iraqi
spec. N0.45/1984
0.15 4 0-10 Specific gravity: 2.65
Physical properties Limits of Iraqi spec.
N0.45/1984 Absorption: 0.5%
Fineness modulus: 2.81 S03: 0.06% <0.1%
Specific gravity: 2.5
| Absorption: 1.6% - | Egr/yng dded density: 1600
| S0s:0.32 % <0.5% |
Dry rodded density: -
1780 kg/m?3
Table 5. Chemical analysis and physical properties Table 6. Chemical analysis and physical properties
of HRM. of SF.
OXIdE Oxide Pozzolan class N Oxide Oxide ASTM C1240-
Composition | content % | ASTM C618-03 Composition | content % 03
Sio2 58.47 S = 94.52% ;I'%Z 808-3350 Min. 85%
Al203 34.65 _ 23 :
Fe203 1.40 Min. 70% 'I:\:Z%?’ ;ig
MgO 0.21 9 '
CaOo 0.38 Ca0 1.25
SO3 0.21 Max. 4% SC;?&) 0-21
Na20 0.66 Na 1.37
L.O.I 2.47 Max. 10% LO.I _3.78 __Max. 6%
Physical properties ___ Physical properties
Specific gravity 2.32 Specific gravity 2.016
Fineness (Blaine) 865 me/kg Fineness (Blaine) 16000 m?/kg
Physical form powder Physical form powder
Color off-white Color grey
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Table 7. Strength activity index for tested mortars.

Cementitious Compressive
material content strength (MPa)
HRWR

A by
Cement | Pozzolan wt. of 7d. 28d.

kg/m3 kg/m3 cement

' %

461.70 51.30 1
471.96 41.04 1.4
461.70 51.30 1.6
461.70 51.30 1
471.96 41.04 1.4
461.70 51.30 1.6

Table 8. The details of HPC mixes used throughout this investigation prior addition of sulphate.

I Strength activity index% I
R -

140

108

Figure 2: Compressive strength test devise.

Figure 1: Specimens of cubes for compressive
strength test.
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Figure 3: Specimens of prism for flexural Figure 4: Ultrasonic pulse velocity test.
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ABSTRACT

The governmental projects are considers the prevailing in Irag, as most of the projects

implemented by the Government, the major role played by governmental projects in the
provision of services to citizens and improve the economic situation in the country in general,
in addition to the huge number of these projects implemented by the governmental
organizations and the large failure rates of it , and because of the fact that these projects are
stumbled before they reach the stage of failure, The aim of this research to identify the main
factors for the stumble projects in addition to identifying the most influential factor on the
causes and consequences of it , like (cost overruns , time overruns , delay and scope creep ) ,
the most influential factors have been identified through the questionnaire of thirty three
(director manager, project manager and engineer) in the governmental organizations who has
extensive experience in project implementation . The factors (political situation, the security
and the deteriorating economic, financial efficiency is good for the employer, the contractor
and low-budget experience, poor design and lack of efficient manpower and resources) of the
most important factors that lead to stumble projects.

Keywords: stumble projects, cost overruns, time overruns, and scope creep.
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1. INTRODUCTION
Despite well-known research findings and in spite of decades of individual and team
expertise of project management, Despite rapid development of membership of professional
bodies for managing projects and despite an increase in the quantity of the project active in
the industry, Project outcomes continues disappoint the stakeholders , the project would be
consider troubled when it is heading towards fail. The troubled project can be defined as the
project that the difference between what is expected and what is accomplished exceeds
acceptable the tolerance limits, pushing into courses that will inevitably lead to its failure.
Whether a troubled project ultimately succeeds or fails depends on the effectiveness of the
actions taken to recover the project. Before these actions can be taken, however,
organizations need to be able to recognize problems and prepare to take appropriate
corrective measures. Fisher , 2004 , Identified indicators of troubled projects as :

1- Contract work got off to a very slow start.

2- Equipment ordering has fallen far behind schedule.

3- Subcontracted work is being falling behind schedule or assigned late.

4- The owner- information / furnished equipment is arriving incomplete or late.

5- The numerous alleged changes are not negotiated or agreed-upon.

6- Cash liquidity problems of the contractor and/or owner.

7- Continues substantial changes in the project from the owner. Cleland, 1983, found that
the main causes of troubled projects may come from the following sources:

1. The requirements: imprecise, Continuous Scope Changes, contradictory, lack of priority,
lack of agreement, ambiguous and Unclear.

2. The resources: resource conflicts, Lack of resources, Inadequate, turnover of key
resources and poor planning.

3. The timetable: overly optimistic, Too tight, and unrealistic.

4. Planning: missing items, insufficient details, poor estimates, Based on insufficient data.
5. Risks: not managed, unidentified or assumed. .
The most important results that obtain at the arrival to troubled phase of the project is the
(cost overrun, time overrun, delay and change or creep the scope) , In this research, an
identification of the main factors for these results In addition to determining the most
influential on the Stumble governmental projects.

2. COST OVERRUN

The Poor cost performance in construction project was a very common problem worldwide
lead to a significant amount of cost overrun. Which requires identification of the major
contributors of this overrun and to highlight the efficient ways to control it? Cost overrun was
defined as excess of the actual cost over budget.

Flyvbjerg et al., 2003. Studied 258 projects in 20 countries and found that the cost escalation
was a very common practice and happens in nine out of 10 projects with 28% higher than
forecast costs in average. They concluded that the average cost escalation in Europe was
25.7%, in North America 23.6% and in the other geographical areas was 64.6%, they also
found that the cost performance in construction projects has not improved over time .the
World Bank also indicate that about 63% of the 1778 construction projects financed by it,
was faced a poor performance with an average of 40% overrun in budget, Ameh et al. ,2010.
and Zujo et al., 2010.
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In Ghana, the proportion of projects exceeded the original project was 75% of cost, while;
only 25% were completed within budget, Frimpong et al., 2003. Another investigation of 29
showed that the contracted price overruns were noted at 17 (58.62%) of the projects with a
maximum contracted price overrun of 29.16% ,Zujo et al., 2010. the major causes of
excessive cost overruns in developing countries were ,the poor contractor management, poor
technical performances, material procurement, monthly payment difficulties and escalation of
material prices . Frimpong et al.,2003 and Lee ,2008, examined the problems of cost
overrun in Korean social overhead capital projects. he study 161 completed projects , and
found that the causes of cost overruns were (the project costs unreasonable estimation and
adjustment, delays during construction, changes in scope and no practical use of the earned
value ). The cash flow and financial difficulties faced by contractors were, contractor's poor
site management and supervision, incorrect planning and scheduling, shortage of site
workers, inadequate contractor experience , whereas, the changes in the project scope and
frequent design changes are the least affecting factors on construction cost , Sriprasert
,2000. and Memon et al., 2010. The main affecting causes of cost overrun in Kuwait were:
owners’ lack of experience, owners’ financial constraints, and changing orders, Koushki et
al., 2005. The roject complexity, inaccurate material estimating, and inflationary increases in
material cost were the main causes of cost overrun in Indonesian construction projects,
Kaming et al., 1997. The conflict among project participants, non-existence of cooperation,
presence of poor project specific attributes and ignorance and lack of knowledge, were most
factors affecting the cost overrun of construction projects in India , lyer et al., 2008.

3. TIME OVERRUNS

The Time overruns was defined as the time extension beyond planned completion dates
.Time overrun has become a major one of the most concern in construction projects
worldwide, it is currently a common problem in many projects leading to a considerable
losses to the project parties. The Loss of time in construction projects influences drastically
on project success and the time performance is the most important indicator of the project
success Olawale. Y.A and M. Sun, 2010.

the infrastructure projects in India ,experience a time overrun of up to 500% of the original
estimated time, Pai and Bharath ,2013. in Malaysia , only 20.5% of the public projects and
about 33.35% of the private sector projects were completed within original estimated time ,
Endut et. al. ,2009. The , (poor site management and supervision, ineffective project
planning and scheduling, inadequate contractor experience, late delivery of materials, design
changes by owner during construction, unreliable subcontractors, change orders,
unqualified/inexperienced workers, delay in performing inspection and testing, delay in site
delivery, slowness indecision making, delay in progress payments, delay in approving design
documents , poor communication and coordination ) are the time overrun major factors in
turkey, Gunduz et. al. ,2012. the major factors of time overrun in Egypt are " ineffective
planning and scheduling, poor site management and supervision, variation orders/changes,
difficulties in financing project by contractor, type of project bidding and award, low
productivity level of labors, effects of subsurface conditions, delays in sub-contractors work,
shortage of construction materials, and unqualified workforce” , Marzouk and El-Rasas
,2014. lack of tower materials in the local markets, unrealistic clients requirements, delays of
payments certificates, scope changes, poor workmanship, delay in design work,
uncompromising attitudes between parties, unethical behavior of contractors to achieve high
profits and poor site management, are the top ten factors of time overrun in Ghana, Danso
and Antwi ,2012. Doloi et al., 2012, mentioned that the "poor site coordination, inefficient
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site management, lack of commitment, improper planning, lack of clarity in project scope,
lack of communication, substandard contract, architects' reluctance for change and rework,
poor labor productivity, slow decision from owner" were the main causes of time overrun in
India. Sweis et al., 2008, investigated time overrun issue in Jordan , and found that " poor
planning and scheduling, financial difficulties faced by the contractor, incompetent technical
staff assigned to the project, shortage of manpower and too many change orders from owner ,
Sanni and Hashim ,2013., investigated the construction projects in Nigeria , They found that
the major factors of time overrun are unstable market condition, engagement of
inexperienced staff, improper contract document, complexity of the project, lack of research
and innovation, choice of procurement method and unstable government regulations ™.

4. DELAY
Delay means the failure to complete project in the budgeted cost & targeted time as agreed in

contract. Delay occurrence is may concurrently with other delays and all of them will impact
the project completion date. Many projects are experience extensive delays thereby exceed
initial time and cost estimates. Construction delay considered to be one of the adverse events
in the construction industry, it has an adverse effect on the project success in terms of quality,
cost and time. The delays are always very expensive to all parties in projects, it will result in
slows the growth of construction sector, claims, total desertion, much difficult for feasibility
and clash. Delays and cost overruns reduce the available economic resources efficiency,
reduce competitiveness of the economy and limit the growth potential, Singh R., 2010.
Rearrangement, rescheduling and cost overrun, arbitration, disputes and litigation, were the
main delay factors as sited by Mohamad M. R. ,2010. Kaming et al.,1997, exploited
questionnaire survey for delay factors in Indonesian high-rise construction projects , they
found that "inadequate planning, poor labor productivity, design changes, inaccuracy of
materials estimate and materials shortage are the first five causes of delays". Koushki et al.
,2005, identified estimates of the factors of time delays, the three main causes of delays are
owners’ lack of experience, owners’ financial constraints, and changing orders. a factors like
"lack of proper co-ordination, delay due to subcontractors, inadequate planning, poor
administration, poor communication, shortage of technical staff and deficiency in
construction activities may affect the project. Considering these factors, the main causes of
construction delays of projects in the developing world. Table 1. reviews the delay factors
extracted from some studies.

5. SCOPE CREEP
Poor scope management and control was a very common reason for projects failure. the

leading cause of project failure is Scope Creep , according to 2010 Global Survey, "the top 10
Obstacles of Project Success", It is very common in project management to get a scope
changes, Winch ,2002, stated that "the scope identifies the core requirements of services, and
any additionally desirable services and any constraints upon service delivery as regulatory
requirements, or latest date for availability, is scope creep , it mean “the project work gradual
expansion without any acknowledgement or formal acceptance of their associated schedule
impacts, costs or other effects.” Also ,it is “process of adding work and requirements, Step by
step, till the final project completely different from the original one and the schedule and
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original cost estimates have become unworkable s and meaningless, and Also , refers to the
scope change that happens slowly and unofficially, without make any change in dates or
making adjustments to the budget.” . The Project Management Institute, 2008 , defined
scope creep as adding functionality and features without addressing the resources, costs, and
time effects. This occurs when the scope is poorly controlled, documented and/or defined. It
is risk is that the project drifts further far away from its initial objectives and leading to
higher costs and delays. In particular, misinterpretations and misunderstandings between
stakeholders on facility design have significant impact on the construction ,Knight and
Fayek, 2002. .Bresnen and Haslam ,1991, reported that 40% of projects having budget
overruns was due to scope creep or design variations. Clients often don't fully understand
their requirements at project start. The iterative process used to determine their needs requires
that the project requirements be changed, which allows the client to achieve what they want
exactly, this, in turn, lead to increased client satisfaction with the project results, that change
process is called “creep.”. Scope creep may cause by the internal and external changes,
including:

1- Platform changes (e.g. car or truck)

2- Environment changes.

3- Customer requirement changes.

4- poor understanding of the customer requirements prior to the project scope definition &
contract signing, Abramovid, 2000. The scope creep is may cause by Misinterpretation of
what is contained in project Statement of Work, contract, or scope, this misinterpretation may
be caused by:

1- Wide variation in task size

2- Mixing special instructions, specs, approvals, and tasks

3- Wide variation in work description details

4- No chronological, structure or pattern order

5- Using imprecise language (“approximately”, "optimum®, "nearly", etc.)

6- Failing to get third party review, Harold Kerzner, 2009. Scope creep can be because of:
weak Project Manager, poorly described project objectives, poor change control, triggering of
risks, bad communication, etc.

6. RESEARCH METHODOLOGY
After determining the research problem, a study of a number of data governmental projects

was done, in addition to field visits to part of these projects to stand on the implementation of
these projects actually, and hold direct meetings with department managers directly involved
in the implementation of and contracting of the projects, The research sample consist of a
heads of departments in addition to 33 engineer has a wide experience to the implementation
of government projects in general and governorate projects particularly . Questionnaire
consists of two parts, the first information about the sample and the second part included
factors relating to the results above in addition to the factors that have been extracted from
the literature and the factors that have been obtained from the direct meetings and a study of
projects data. Three rounds of Delphi method were used, in each round the respondents have
been asked to determine the most influential factor on the (cost overrun, time overrun, delay
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and change or creep the scope) , with a scale consists of four degrees of importance (most
important: 1 and unimportant: 4) .

6.1 Respondents Background: The sample included a number of head of departments,
project managers and engineers who have an experience in the area of government
construction sector, Table 2. Show the Respondents Background.

6.2 Identification of Influential Factors

6.2.1 Cost overrun factors: these factors lead to a cost overrun in the project, that the
allocated budget of the project will be insufficient, Table 3 shows the cost overrun factors.

6.2.2 Time overrun factors: it’s the factors that lead to make an extension un the project
deadline, which mean additional cost, additional administrative work and delay in the
province of services to the building users , Table 4 shows the cost time factors.

6.2.3 Delay factors: these factors are the factors that lead to delay in all its type , material
delay , time delay , payment delay etc. Table 5 shows the delay factors.

6.2.4 Scope creep factors: here, the factors will affect all the above problems (cost overrun,
time overrun and delay), Table 6 shows the scope creep factors.

6.2 Analysis of the Results

The most influential factors on the main results (cost overrun, time overrun, delay and change
or creep the scope),( in each round , factor that gets a mean of ( 3) or more is one of the most
influential factors, Divakar,2009, take mean of 2.5 from 4 point scale (0.625) ,while
Ayob,2013., take mean of 4 from 5 point scale (0.8) , in this study the ratio was (0.6) which
mean get a best result ) were obtained through the third round as follows ,

1. Cost overrun: The most influential factor on cost overrun, are shown in Table 7.

2. Time overrun: The most influential factor on time overrun, are shown in Table 8.
3. Delay: The most influential factor on delay, are shown in Table 9.

4. Scope creep: The most influential factor on scope creep, are shown in Table 10.

7. CONCLUSION

1- Through the study of projects and direct meetings with a number of heads of departments
and data engineers, Show that there is a weakness and a clear imbalance in project
management and in scientific knowledge in this area and lack of its practicality.

2- despite the significant benefits gained by any organization through the application of the
principles and the basics of construction project management.

3- Search results also showed that there are factors that have an effective impact on the
performance of projects, which require attention, planning and control in order to prevent the
failure of projects .
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4- There are factors that have a common effect on the failure of the project in general and on
a clear defect in particular areas.

5- Results show that the most of the factors were a managerial factors, thus, it could be
controlled and minimized by improve the managerial skills in the construction organizations
by conducting workshops and proper trainings.

8. RECOMMENDATION

In order to get successful projects has to be attention to the the following:

1- The use of the principles and the basics of project management construction in addition to
the full knowledge of all the requirements.

2- Attention to training and development for all individuals working in governmental
organizations.

3- Ensure existence of an efficient comprehensive administrative system for monitoring,
follow-up and controlling of projects in addition to build an extensive and comprehensive
database for all projects data.

4- Pay attention to the external circumstances surrounding project implementation to take
advantage of the positive aspects and to prevent or minimize the negative effects on projects .
5- Attention to the feasibility studies in addition to the full identification of all project users'
requirements in general and the project in particular.

6- Contracting with companies sober for design and engineering consultancy.

7- Attention to the issue of classification of contractors to contract with reputable and high-
efficiency companies.

8- Attention to planning, scheduling, follow-up, control and monitoring of work in all phases
of the project.

9- Attention to operating and maintenance cost and attention to it to reduce the operating
costs.

10- Planning and ongoing communication with all government departments to coordinate
with them in the implementation of projects.

11- Ensure that there is adequate funding and optimal use of resources at the stage of
feasibility studies in order to prevent obstruction of work on the project later.
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Table 1. Delay factors.

Item Study Delay Factors

-Slow preparation and approval of shop drawings
-Delays in payments to contractors

1 Assaf et al., 1995 -Changes in design/design error

-Shortage of labor supply

-Poor workmanship

-design changes
-inadequate planning,
2 Kaming et al. ,1997 -Productivity,

-poor labor
-Resource shortages.

-weather

-user changes

- factors related to designer
3 Al-Momani.,2000 -economic conditions

-late deliveries,

-site conditions

-increase in quantity.

-Ineffective planning and scheduling

Assaf and Al-Hejji, -Delay in progress payment

4 -Change orders
2006 -Shortage of labor
-Contractor difficulties in financing
-Client variation
-Inadequate contractor resources - Unforeseen
5 Tommy et al.,2006 ground conditions
-Poor site management and supervision
-slow co-ordination and seeking of approval
-Inexperienced contractor
-contractor Poor planning and scheduling
: -Shortage of manpower
6 Sweis et al.,2007 -Contractor financial difficulties
-Too many change orders by the owner
-Slow decision making
-Financial issues
-Shortage of supply
7 Saleh et al., 2009. -Shortage of material
-Improper planning
-Lack of effective communication
-Design errors
-change orders by owner during construction
g Wei K. S. 2010. -Delays in sub-contractors work

-Poor communication and coordination
-Late in revising and approving design documents
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Table 2. Respondent's background.
Respondents Frequency (percentage) %
Gender
Male 80
Female 20
100
Type of respondents position
1. Project Manager 34
2. Architecture 21
3. Engineer 15
4. Consultant 12
5. department manager 18
Educational attainment
B.Sc. 66.5
High diploma 21
M.Sc. 9
Ph.D. 3.5
Working experience
6-10 years 15
11-15 years 30
16-20 years 25
Above 20 years 30
Engineering Specialization
Civil 51.5
Mechanic 18
Electric 18
Architectural 12.5

Table 3. Respondents' answers on cost overrun factors.

Importance degree (%)

Item Cost overrun factors 1 > 3 4
1 Shortage of manpower 2.5 23.5 40 31
2 Change orders by client 23 39 26 12
3 Inaccurate quantity 6.5 13 46.5 31
4 Increase in labor cost 0 15.5 44.5 36.5
5 Project complexity 4 19 43 29
6 Client’s late contract award 13 22 33 26
7 Shortage of skilled labor 5.5 28 33.5 23.5
8 Inaccurate material estimates 7.5 29.5 34.5 26
9 Increase in material cost 29.5 37 9.5 21
10 | incapable inspectors 4 25 29.5 34.5
11 | late design works 7.5 25.5 27 33.5
12 | late approval 31.5 25.5 19 10
13 | late inspection 14 28 31 27
14 | inappropriate design 19 18 32 31
15 30 15.5 42.5 5.5
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design changes
16 | changes in management ways 6.5 30.5 40 17
17 | high competition in bids 11.5 27 39 21
18 | late issuing of approval documents 6.5 23.5 40 27
19 | postponement of project 8 21.5 42 25.5
20 | late submission of nominated materials 6 35 36 14
21 | late documentation 17 35 27.5 11
22 | delay in commencement 7.5 27.5 27.5 29
23 | late land hand-over 8 31.5 30.5 29
24 resource management 15 29 31 21
25 | undefined scope of working 12 35 32.5 18
26 | internal administrative problems 30.5 38 10.5 19
27 | unreasonable project cost frame 12 21.5 36 25
28 | delays in decision making 32.5 15.5 42.5 7.5
29 | poor communication between parties 15 23 38 24
30 | Incomplete drawings 22 30 19 29
31 | lack of equipment efficiency 24 21 24 31
32 | rework from poor workmanship 19 16 31 34
33 | natural disaster 11 34 32 23
34 | weather condition 21 21 31 27
35 Inflation 19 32 24 25
36 | stoppages 24 34 25 17
37 | exchange rate fluctuation 17 14 42 27
38 | financial status of owner 31 45 17 7
39 | financial status of contractor 38 40 5 17
40 | payments delay 41 38 9 12
Table 4. Respondents' answers on time overrun factors.

Item Time overrun factors I;n portz;nce d(;g ree (Of)
1 Unforeseen site conditions 14 | 21 34 31
2 Failure of equipment 12 16 38 34
3 Materials price regulations 11 24 | 42 23
4 Interference by owner in construction operation 11 21 31 37
5 Shortage of materials 19 12 | 44 25
6 Shortage of equipment 24 17 | 25 34
7 Slow response by the consultants 35 39 9 17
8 Financial constraints faced by owner 26 | 45 7 22
9 Incompetent technical staff 11 27 39 21
10 | Difficulties in obtaining work permits 11 22 | 40 27
11 Poor qualification of consultants 11 22 38 31
12 | Poor planning and scheduling 41 17 | 20 22
13 Improper technical study by the contractor 21 14 42 23
14 | Delay in the approval of contractor submissions 25 44 12 19
15 | Shortage of technical professionals in the 17 | 21 21 41
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contracting organization
16 | Slow decision making from owner 10 | 27 | 28 35
17 | Delays in contractors claims settlements 11 39 | 22 28
18 | Delays by the contractor payments to 8 37 | 21 34
subcontractors
19 | Ineffective quality control by the contractor 9 28 51 12
20 | Modification in material specifications 12 21 22 45
21 | Shortage of manpower 6 15 42 35
22 | Laws and Regulatory Framework 22 30 | 33 15
23 | Lack of communication between parties 22 | 27 | 29 22
24 | Lack of coordination between parties 10 | 27 | 28 35
25 | Accidents on site 11 39 | 22 28
26 | Unforeseen ground condition 30 9 23 38
27 | Effect of weather 18 35 23 24
28 | Shortage of site workers 9 29 | 29 33
29 | labor productivity 21 17 | 21 41
30 | External conditions affecting the project 41 38 12 9
31 | Insufficient Numbers of equipment 10 | 27 | 38 25
32 | Late delivery of materials and equipment 11 22 39 28
33 | Fluctuation of prices of materials 38 30 | 22 10
34 | Mistakes during construction 24 | 45 22 9
35 | Incompetent subcontractors 38 | 28 | 22 12
36 | Poor site management and supervision 10 17 38 35
37 | Lack of experience 44 | 30 4 22
38 | Incomplete design at the time of tender 10 | 27 | 28 35
39 | Delay Preparation and approval of drawings 11 39 | 22 28
40 | Mistakes and Errors in design 33 45 8 14
41 | Frequent design changes 14 | 23 36 | 255
42 | Unrealistic contract duration and requirements 14 | 25 | 305 | 25
43 | Delay in inspection and approval of completed 45 | 25 33 | 31.5
work
44 | Delay in materials delivery 18 | 25.5 | 31.5 | 25
Table 5. Respondents’ answers on Delay factors.
Importance degree (%)
Item Delay factors 1] 2 | 3 | 4
Owner Related Delay Factors
1 Lack in experience 3 22 35 20
2 Misunderstandings in technical dealing with 12 27 46 17
vendors & contractors
3 Suspension of work due to owner 4 33 41 22
4 Coordination between the parties is not 20 38 8 34
appropriate work
5 Lack of communication & co-ordination 11 34 25 30
6 delays in payments of completed work 15 45 25 15
7 changes by owner during construction 19 44 17 20
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8 Late revising & approving relevant documents 7 32 37 24

by owner
Consultant Related Delay Factors

9 Inadequate site information given to consultant 10 27 28 35

10 | Conflicts of consultant with design engineer 11 39 22 28

11 | Complexity of project design faced by 8 37 21 34
consultant

12 | Communication barriers faced by consultant 9 28 51 12

13 | Difficulties in receiving payments from 12 21 22 45
agencies faced by consultant

14 | Conflicts between consultant & contractor 6 15 42 35

15 | Delay in handover of site to contractor 15 24 19 42

16 | changes in specification during construction by 6 41 29 24
consultant

17 | Inflexibility of consultant 12 26 33 29

Contractor Related Delay Factors

18 | Lack of experience of contractor 25 31 32 12

19 Contractor’s slowness in preparation of 9.5 37 29.5 21
documents & material samples

20 | Poor managerial skills in contractor 4 25 29.5 | 34.5

21 | Poor understanding of accounting & financing 7.5 | 255 27 | 335
project

22 | Compatibility of contractor with new software’s | 10 | 25.5 19 | 31.5

23 | Is contractor compatible with new technology 13 23.5 | 32.5 | 28

24 | Rework in construction faced by contractor 9.5 37 29.5 | 21

25 | Conflicts with sub-contractor 4 25 29.5 | 345

26 | Contractor’s Poor site management & 35 24 27 14
supervision

27 | Contractor’s slowness in site mobilization 14 23 36 25

28 | Contractor’s inadequate planning & scheduling 14 25 30.5 25

29 Material Related Delay Factors

30 Untimely delivery 3 2.5 23.5 | 40

31 | Materials not in right place when needed 2.5 12 235 | 39

32 | Escalation of material prices 3 6.5 13 | 46.5

33 | Material damage in storage 3.5 0 15.5 | 44.5

34 | Poor Material management 5 4 19 43

35 | Slow process of material selection 6 13 22 33

36 | Changes in quality of material 9.5 5.5 28 | 33.5

37 | Frequently unexpected modifications in 2.5 7.5 30 34
specification of material during construction

38 | Contractor Financial difficulties 30 35 25 10

Project Related Delay Factors

39 Accidents on site 14 23 36 | 25.5

40 | Inaccurate cost estimates 14 25 30.5 | 25

41 | Changes in site topography after design 4.5 25 33 | 31.5

42 | Insufficient data collections & survey 11.5] 255 | 315 | 25

43 | Unforeseen ground conditions 20 155 | 30.5 | 29.5
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44 | Changes in site conditions 15.5 17 28 19.5
45 | The security situation economic and political 45 35 12 8
46 | External Related Delay Factors 12 13 33 42
47 | Changes in government regulation & laws 7 14 42 37
48 | The diversity of projects implemented 12 48 30 10
49 | Weakness in experience of project manager and | 22 50 21 7
his team
Table 6. Respondents’ answers on scope creep factors.

Item Scope creep factors In11portar210e de%ree ( 0{40)
1 Involving the users only in later stages 3 [25] 235 | 40
2 Management failure in managing user expectations | 2.5 | 12 | 23.5 | 39
3 Underestimating the complexity of the problem 3 |65 13 | 46.5
4 Insufficient Requirements Analysis 3.5 | 0 | 155 | 445
5 Modification of rules 5 4 19 43
6 Uncertainty in technology 6 13 22 33
7 No recognition of interfacing processes 95 | 55| 28 |335
8 Inaccurately defined processes 25 |75 29.5 | 345
9 Client/user disagreement 8 38 22 32
10 | Stakeholder multiplicity 27 | 41 22 10
11 | Change in market conditions 32 | 29 34 5
12 | Feature creep 12 | 39 27 22
13 | Flexibility 9 24 | 32 35
14 | Interfaces not defined 10 | 39| 34 17
15 | Bad relation with client 7 14 51 28
16 | Not enough time to understand client’s needs 35 | 46 17 2
17 | No stakeholder involvement 41 | 35 13 11
18 | Wrong people defining scope 47 | 31 25 7
19 | Ambiguous requirements 14 | 27 35 24

20 | Requirements not clearly defined 9 33 41 17
21 Learning 12 | 25 29 34
22 | Conflict in different government agencies interests | 17 | 31 35 17
23 | absence of scope management and control 22 | 39 32 7
24 | Bad management of project changes 14 | 45 22 19
25 | data was not enough to define the scope 10 | 29 30 31
26 | Intervention by Government officials and 7 31 47 15
politicians
27 | Delay in project execution 22 | 29 37 12
28 Ignorance of key stakeholders 12 | 35 13 40
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Item Cost overrun factor mean | SD | rank
1 payments delay 374 | 1.025| 1
2 financial status of contractor 3.67 | .879 2
3 financial status of owner 3.51 | .654 3
4 internal administrative problems 349 | 971 4
5 design changes 342 | .612 5
6 Increase in material cost 338 | 1154 | 6
7 Change orders by client 32 11023 7
8 late approval 3.15 |1.087| 8
9 delays in decision making 3.12 | .754 9
10 | Stoppages 3.04 | 915 10

Table 8. The most influential time overruns factors.

Item | Time overrun factor mean | SD | rank
1 External conditions affecting the project 3.84 {0874 | 1
2 | Mistakes and Errors in design 3.67 10987 | 2
3 Lack of experience 361 [1.023| 3
4 Incompetent subcontractors 354 | 1412 4
5 | Mistakes during construction 35 [ 1.023] 5
6 | Fluctuation of prices of materials 348 [ 0871 | 6
7 | Slow response by the consultants 33 10612 7
8 | Financial constraints faced by owner 325 [ 1.067| 8
9 | Poor planning and scheduling 322 [0.624| 9
10 | Delay in the approval of contractor submissions 3.17 | 1.029 | 10
11 | Laws and Regulatory Framework 3.08 [ 1.011] 11
12 | Lack of communication between parties 3.08 | 1.049| 12
13 | Unforeseen ground condition 3.03 |0.698| 13

Table 9. The most influential delay factors.

Item | Delay factor mean | SD rank
1 | The security ,economic and political situation 3.50 | 1.022 1
2 | Contractor’s Poor site management & supervision 3.39 1 0.790 2
3 | Contractor Financial difficulties 327 | 1.134 3
4 | changes by owner during construction 3.24 | 0.767 4
5 | delays in payments of completed work 3.2 |0.785 5
6 | Lack of experience of contractor 3.17 | 0.887 6
7 Inaccurate cost estimates 3.12 | .845 7
8 | Weakness in the experience of the project manager and 3.09 | 1.060 8

his team
9 | Coordination between the parties is not appropriate work | 3.06 | .712 9
10 | The diversity of projects implemented 3.04 | 1.060 10
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Item | Scope creep factor mean | SD | rank
1 Wrong people defining scope 369 [0.790| 1
) No stakeholder involvement 3.66 | 1.134| 2
3 Not enough time to understand client’s needs 3.57 [0.767 | 3
4 | Change in market conditions 348 [0.848| 4
5 | Stakeholder multiplicity 33 10.678| 5
6 | Conflict in different government agencies interests 322 [0.581| 6
7 | Delay in project execution 3.18 [ 1.060| 7
8 | absence of scope management and control 3.1 | 1.119] 8
9 | Bad management of project changes 303 (0741 9

Table 11. The most influential factors on the Stumble and Failure, its weight and rank.

ltem Eactors Factors W((a) ight | ran
group Y0 k
1 External conditions affecting the project all 16.4 1
2 Financial constraints faced by owner All 12.4 2
3 financial status of contractor All 12.08 3
4 The diversity of projects implemented All 10.4 4
5 Lack of communication between parties All 9.7 5
6 design changes All 8.5 6
7 Contractor’s Poor site management and All 8.3 7
supervision
8 delays in payments of completed work All 8.27 8
9 Lack of experience of contractor All 7 9
10 | delays in decision making All 7 10
11 | Slow response by the consultants All
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ABSTRACT

The removal of fluoride ions from aqueous solution onto algal biomass as

biosorbent in batch and continuous fluidized bed systems was studied. Batch system
was used to study the effects of process parameters such as, pH (2-3.5), influent
fluoride ions concentration (10- 50 mg/l), algal biomass dose (0-1.5 g/ 200 ml
solution), to determine the best operating conditions. These conditions were pH=2.5,
influent fluoride ions concentration= 10 mg/l, and algal biomass dose=3.5 mg/I.
While, in continuous fluidized bed system, different operating conditions were used;
flow rate (0.667- 0.800 I/min), bed depth (8-15 cm) corresponded to bed weight of
(80- 150 g). The results show that the breakthrough time increases with the increase
of bed depth but decreases with the increase of flow rate. Thomas and Yoon-Nelson
models were used to analyze the experimental data and there was a good matching
between the theoretical and the experimental data for both models. Desorption studies
indicate that NaOH solutions at different pH values (8-10) were used to recover the
fluoride ions sorbed onto the algal biomass. It is noteworthy that the desorption
efficiency at pH =10 remains close to 95 % of the initial value of sorption capacity.
So the desorption performance remains appreciable.

Keywords: Fluoride ions Fluidized bed, algal biomass, Thomas and Yoon-Nelson models.
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1. INTRODUCTION

Fluoride is a ubiquitous element present in earth's crust. It belongs to group 17 of
the Periodic Table and it is the most electronegative of all elements. Fluoride is
considered as valuable and extensively used in industry such as toothpastes,
fertilizers, production of graphite, semiconductors, electrolysis of alumina ,Tripathy
et al., 2006. Large quantities of wastewater, which contains high concentrations of
fluoride and its compounds, are generated from these activities. Fluoride may enters
food chains and reaches to the human through either drinking water or eating plants
and cereals. Fluoride has gained importance due to its dual influences on human
beings. When present within the permissible limit, fluoride is an essential nutrient for
the calcification of dental enamel and maintenance of healthy bones, so that it is
purposely added to drinking water in small quantities to prevent dental caries. But the
high concentration of fluoride is a serious hazard to human health and may causes
fluorosis, brittle of bones, curvature of bones, dwarfishness, mental derangements,
cancer, and in extreme cases even death. The permissible limit of fluoride in drinking
water is 1 mg/l as recommended by WHO standards , Meenakshi, 2006. Pollution by
fluoride has been observed in some natural water systems in Asia, Africa, America,
and Europe, where the fluoride concentration can range from 0.01 to 3 mg/l in fresh
water and 1 to 35 mg/l in ground water , Rajiv Gandhi, 1993. Due to high toxicity of
fluoride to mankind, there is an urgent need to search for advanced wastewater
treatment mechanisms to treat fluoride-contaminated water and to make it safe for
human consumption. As a result, numerous efforts have been undertaken to find
effective and low cost methods to remove fluoride from waste solutions.

Available treatments process for Fluoride from water and wastewater include
chemical precipitation (by alum, lime, lime and alum and calcium chloride),

adsorption (by activated alumina, clay and flay ash), ion exchange (by synthetic
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resins) and membrane technologies (by reverse osmosis and electro-dialysis). These
methods require more technical support for operation and maintenance and the capital
investment cost is very high ,Mann and Mandal, 2014. This is an obvious constraint
on the use of these methods in certain applications, especially for fluoride removal
from wastewater. Alternatively, the so-called biosorption, i.e., the property of certain
dead biomass to bind and concentrate selected ions or other molecules from aqueous
solution, could be considered. Biosorption by dead biomass is passive and based
mainly on the affinity between the biosorbent and sorbate ,Volesky, 2007; Sulaymon
et al., 2012. Different materials have been reported in the literature as inexpensive
sorbents for fluoride removal; for example, crashed limestone , Nath and Dutta,
2010. Alum- , Tripathy et al., 2006. Rice husk ,Vardhan and Karthikeyan, 2011.
Moreover, Sulaymon et al., 2013a. mentioned that biosorption by algae is proven to
be quite effective at removing metal ions from contaminated solutions in a low-cost
and environment-friendly manner. This can be attributed to the abandons of algal
biomass and it has many negative charge active groups on its surface cell wall such as
hydroxyl, carboxyl, amino, sulfhydryl, and sulfonate. These groups were part of the
algal cell wall structural polymers, namely, polysaccharides (alginic acid, sulfated
polysaccharides), proteins, and peptidoglycans. Although much of the current
biosorption researches using algae are oriented towards the removal of metal cations,
the binding of anions like fluoride to this biomass is a growing area of study. As well
as, a few studies were carried out in continuous system using fluidized bed
applications.

For evaluating the feasibility and effectiveness of biosorption in wastewater
treatment it is essential to make predictions of the sorption performance, e.g. for
facilitating process design. Therefore it is important to develop appropriate
mathematical models of biosorption binding equilibrium and dynamic which are
necessary as a prerequisite for all further work involving; batch, and column
applications.

This work investigates the removal of fluoride in a fluidized-bed reactor of algal
biomass as biosorbent. The preparation, characterization and sorption properties of
biosorbent were reported. Moreover, the effect of some experimental conditions on
the fluoride removal such as superficial velocity and bed height was evaluated and to

model the process using a well-known empirical models.

113



@) Number 2 Volume 22 February 2016 Journal of Engineering

S

2. MATERIALS AND METHODS

2.1 Materials

2.1.1Collection of Biosorbent Material

Fresh samples of green and blue-green algae were used in this study as a biosorbent.

This material was collected from the artificial irrigation canal in Baghdad University,
Irag. It was mainly combined of three species of algae. Blue-green Oscillatoria
princeps alga was the highest percentage (88%), green Spirogyra aequinoctialis alga
was (9%), and blue-green Oscillatoria subbrevis alga (3%). And to make it used
friendly the collected algae were not separated. The foreign matters were removed
manually from the collected algae, then rinsed with tap and distilled water to remove
dirt, sands, and external salts. Afterward, the washed algae were kept in air for
evaporating of water and dried in an oven at 65 °C for 48 h. The dried biomass were
roughly chopped, grounded into powder, sieved, and kept in air-tight polyethylene
container at room temperature. An average size of 0.55 mm was used for biosorption

experiments with required amounts.

2.1.2 Fluoride Solution
All the chemicals used in this study were of analytical grade, and deionized water

was used for solution preparation. A stock solution (1000 mg/l) of fluoride ions was
prepared by dissolving appropriate amount of sodium fluoride (provided by Merck,
Germany) in distilled water and stored in glass container at room temperature. The
working fluoride ions solutions were prepared by appropriate dilution in accurate
proportions of the stock solution immediately prior to use. The pH of the working
solution was adjusted by using dilute HCI or NaOH solutions using a pH meter (type
WTW, InoLab 720, Germany). Prior the experiments, all the glassware used for
dilution, storage, and experimentation were cleaned with detergent, thoroughly rinsed
with tap water, soaked overnight in a 20% HNO; solution, and finally rinsed with

distilled water before use.

2.2Methods
2.2.1 Batch System Experiments

Experimental parameters affecting the biosorption process such as pH (2-3.5),
precipitant dose (0-1.5 g/ 200 ml solution), and initial fluoride ions concentrations (0-
50 mg/l) were studied in batch system. The experiments were conducted in 250 ml
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stoppered conical flasks containing 100 ml of pre-determined fluoride ions aqueous
solution (1-50 mg/l) and 1 g of algae, under constant shaking at room temperature (20
+ 3°C). The pH solution was adjusted to the desired value. The flasks were placed in a
shaker (Edmund Buhler, 7400 Tubingen Shaker-SM 25, Germany) under constant
shaking speed (200 rpm) for 3 h. After equilibrium biosorption, the sorbent was
separated from aqueous solution by using filter paper (Whatman, No.42, diameter 7
cm) and the residual concentration of fluoride was measured. The concentration of
fluoride in both initial and withdrawn samples was determined using Orion
Multiparameter Kit lon Meter. The instrument was calibrated each time the analysis
was done. All the samples were measured in triplicate and the average value was

obtained. The fluoride removal was calculated by using the following equation:

Fluoride removal= (%) ST @ §

(o]

Where, C, and C, are the initial and equilibrium fluoride concentrations in water
(mg/l), respectively.

2.2.2. Continuous system experiments

A fluidized bed reactor which is shown in Fig. 1 was designed to investigate the
algal biomass biosorption efficiency for fluoride ions. The fluidized bed reactor is a
7.5 cm inner diameter and 1 m high glass column. In order to homogenize and evenly
distribute the liquid flow before it reaches the algal biomass bed section, the column
consists of a calming entry section of length of 5 cm filled with glass beads of mean
radius 2 mm and covered with stainless steel sieve. In addition, the fluidized bed
reactor has a screen at the bottom to support the algal biomass particles and at the top
to remove the presence of particles in the effluent. A 10 W lamp was installed behind
the reactor to measure the expanded height of algal biomass bed accurately. The
fluoride solution of 10 mg/l was pumped into the reactor vertically and fluidized the
algal biomass bed at a flow rate of 40 I/h with the temperature kept at room
temperature, that is, about 253 °C. The solution pH was adjusted to a desired value
by using 0.1N NaOH / HNO3;. Samples were periodically taken from the effluent of
the reactor at different time intervals and analyzed for fluoride concentration. The
operation of the column was stopped when the outlet fluoride ion concentration

reached its initial concentration.
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The experimental sorption capacity can be obtained using equation 2; it is calculated
from the area above the breakthrough curve, taking into account the volume of treated

water through the column and the mass of biosorbent, used in the packed column.

Vtotal (CO — Ct)
= ———dV TR ¢
G = [ @

Where, dexp IS the sorption capacity (mg/g); C; is the withdrawn fluoride
concentration (mg/l); m is the mass of the algal biomass (g), V (l) is the volume of
treated water (Meenakshi, 2006).

2.2.3 Breakthrough Curves Models

There are many dynamic models for describing the performance of column
systems. Thomas model is widely used for its simplicity and for its adequate accuracy
in predicting breakthrough curves under various operating conditions. The model is

represented by the following equation (Yilmaz-lpek, 2013):

C 1

L _ . (3)
Co 1+ exp KT((]THE2 CoV)

Where, Kt is the Thomas rate constant (I/min.mg), m is the mass of sorbent (g), Q is
the volumetric flow rate (I/min), C is the sorbate concentration and qr is the Thomas
sorption capacity (mg/qg).

The Yoon-Nelson model is a simple model for describing the sorption and
breakthrough curves of the sorbate. It requires no detailed data on the characteristics
of the sorbate, the type of sorbent, or the physical properties of the sorption bed, and
is expressed as follows (Yilmaz-1pek, 2013):

C eXp(KYNt — TKYN)

CO 1+ eXp(KYNt - TKYN) ( )

Where 7 is the time required for 50% sorbate breakthrough (min) when fluoride

concentration C (mg/L) is one half of C,, and Ky is the rate constant.

2.2.4 Desorption

When the relative concentration (C/Co) achieved a value near about 1, the adsorption
process become saturated and regeneration process was start to wash out the loaded
metal ions from the pores of the adsorbent. Desorption is a very important concern to

reuse the biosorbent and reduce process costs. It is desired that the adsorbent should
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be close to its original form, and should not lost its sorption ability after desorption.
In addition, the recovery of valuable metals from dilute aqueous wastes is a
complementary process. For this case, acidic or basic solutions are frequently used for
desorption of metal ions sorbed on different sorbents (Sezen et al., 2012).

3. RESULTS AND DISCUSSIONS
3.1Characterization of the Algal Biomass

A sample of powdered algal biomass was analyzed for surface characterization such
as surface area and porosity. Table 1 listed the physicochemical properties of the
algal biomass used in this study. The surface area of algal biomass was determined
from nitrogen adsorption-desorption isotherm analysis using a Micrometrics Nano
Porosity System.

It can be seen that the surface area and the pore volume of the biosorbent were 4.07
m?/g and 0.713 cm®/g, respectively. These values are small compared with those of
other materials like activated carbon, so that the removal efficiency is very sensitive
to the porous sorption. In this case it is recommended to use fluidized bed reactor

rather than fixed bed system.

3.2 Parameters Affect Biosorption

Fig. 2 depicts the fluoride ions removal as a function of algal biomass dosage for
different initial concentrations. Clearly, the fluoride ions removal increased with the
increase of algal biomass dose from 0.01 to 0.7 mg/200 ml solution and thus the
biosorbent dose was an important factor to the fluoride ions removal. The reason
being that; an increase in the sorbent quantity in the aqueous solution results in a
larger exchangeable area for fluoride ions biosorption. This figure also shows that the
removal rate of fluoride ions considerably remains stable at algal biomass dosages
beyond 0.7 g/200 ml aqueous solution, implying that the best amount of algal biomass
is 3.5 g/l solution for all initial fluoride ions concentration values. Therefore, this dose
is used in all subsequent experiments. Moreover, experimental results revealed that
the highest fluoride ions removals were 0.93, 0.88, and 0.68 at initial concentrations
of 10, 20, and 50 mg/I, respectively. By increasing the initial concentration from 10 to
20 mg/l the removal efficiency does not alter greatly. This is probably can be inferred
due to the fact that the amount of algal biomass used in this experiment contains
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enough sorption active groups and sites for the binding of fluoride ions. When the
initial concentration increased to 50 mg/l the removal of fluoride ions was
significantly affected. This can be attributed to the increase in the fluoride ions
concentration provides a greater driving force to overcome the mass transfer
resistance through particles as well as the collision between fluoride ions and algal
biomass particles is enhanced at higher concentrations as stated by , Hekmatzadeh et
al., 2013. However, increasing the initial fluoride ions concentration led to a drop in
the removal of it as shown in Fig. 2.

The most important factor affecting the sorption of ions is the pH of the aqueous
solution. According to , Cengeloglu, 2002. the removal of fluoride ions is highly
efficient under low pH values this is due to positive charge ions (H") density on the
sites of biomass surface will enhance metal anion sorption. Hence, the pH was
initially adjusted between 2 and 3.5 and the results are depicted in Fig. 3. At initial pH
3 the final pH slightly increased to 4.5. This can be explained by that untreated algae
biomass generally contains light metals such as K*, Na*, Ca?*, and Mg®* which are
originally present in freshwater. These ions are bound to the surface acidic functional
groups and when algal biomass reacts with metal-bearing solution, releases light
metal ions and pH increases, these results agreed with , Sulaymon et al., 2013b. This
also was explained in terms of ion exchange, whereby the observed released light
metals balanced the uptake of cation ions as stated by ,Schiwer and Volesky, 1996;
Kratochvil, 1997. It is clear from Fig. 3 that the solution pH value was an important
parameter controlling the biosorption of fluoride ions onto the surface of the algae
biomass. From pH 2.0 to 2.5, biosorption of fluoride ions onto algal biomass showed
increasing phenomena and at pH 2.5 it attains the maximum removal. The increase in
fluoride ions removal with the increase in pH is because at acidic solution, more
protons will be available to protonate the active group and increasing the number of
binding sites for biosorption of fluoride ions. These results agreed with , Elwakeel, et
al., 2014.

Above pH 2.5, the biosorption of fluoride was decreased sharply. This trend can be
attributed to that at pH above 2.5 the surface of algal biomass does not adequately
protonated with a positive charge and fluoride ions could thus be bound. So at pH <
pHpzc (PZC is the point of zero charge) the surface of the sorbent is positively
charged, indicating a greater affinity for anions as stated by ,Zelmanov and Semiat,
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2014. These results are in agreement with, Roberts 1992, Kratochvil and Volesky
(1998) who pointed that for anionic metals only when the solution pH is lower than
the conjugated acid dissociation constant pKa value, the active groups such as
carboxylic and chitin amide groups could be effectively protonated with a positive
charge and an anion metal could thus be bound. At pH below 2.5 and despite of high
density of H” ions, the fluoride ions removal was decreased owing to the dissociation
of the biosobent as stated by , Sulaymon et al., 2014. For the further experiments the
pH solution was fixed at 2.5.

3.3 Fluidized Bed System

Breakthrough curves generally permit a good description of the processes in
sorption columns. The resulting breakthrough curves at different parameters are
presented in Figs. 4-7. The experimental biosorption capacity values of the fluidized
bed reactor are shown in Table 2. It can be seen that Thomas and Yoon-Nelson
models show a good fit with the experimental data related to R* values. Figs. 4 and 5
show the breakthrough curves of algal biomass towards fluoride ions at different flow
rates (0.667, 0.734, and 0.800 I/min) and an expanded bed height of 10 cm for the two
models. The breakthrough generally occurred faster with higher flow rate and the
slope of the breakthrough curve increased with increasing liquid flow rate. The
breakthrough points (90% removal efficiency) occurred at 2, 9 and 20 min for liquid
flow rate of 0.800, 0.734, and 0.667 I/min, respectively. This can be attributed to that
increasing the flow velocity would decrease the contact time between the fluoride
molecules and algal biomass particles along the column bed. Increasing the flow rate
may be expected to make reduction of the liquid film thickness. Therefore, this will
decrease the resistance to mass transfer and increase the mass transfer rate as well as
there is not enough time for sorption equilibrium to be reached. In addition,
decreasing the flow rate allows the solute to diffuse more efficiently in the sorbent:
the mass transfer zone (where the reaction takes place) is shortened. These
mechanisms are also consistent with that obtained by , Sulaymon et al., 2010. The
maximum biosorption capacities of the fluidized bed reactor at different flow rates are
2.94, 2.53 and 2.1 mg/g for flow rate 0.667, 0.734, and 0.800 I/min, respectively.

The effect of bed depth on the sorption process was investigated at bed height of 8,
10 and 15 cm (corresponded to bed weight of 80, 100 and 150 g). Thomas and Yoon -
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Nelson models were used to predict the breakthrough curves. The two models show a
good fit with the experimental data and the results are depicted in Figs. 6 and 7.
These results showed that with increasing the bed weight of the algal biomass the time
at which an effluent concentration reached breakthrough point is increased, this is due
to the large contact time between the fluoride ions and biomass particles at a high bed
depth. Smaller bed heights will be saturated in less time. Also, an increase in the bed
depth will increase the surface area for the sorption which will improve the removal
efficiency. The results agree with that obtained by ,Sulaymon, and Ebrahim, 2010.

3.4 Desorption process

In the present study, NaOH solutions at different pH were used to recover the
fluoride ions sorbed on the algal biomass. This strong base will displace the sorption
equilibrium toward fluoride ions release. The desorption capacity values of the
column are shown in Table 3. The volume of dilute NaOH solution required to
recover the fluoride for each desorption cycle was fixed at 10 I. It is noteworthy that
the desorption efficiency at pH equal 10 remains close to 95 % of the initial value of

sorption capacity. So the desorption performance remains appreciable.

4.  CONCLUSIONS

Algal biomass was used to remove fluoride ions from aqueous solution in
continuous fluidized column system and it was found to be very effective adsorbent.
The present work demonstrates that the operation is highly dependent on the pH,
influent fluoride ions concentration, and algal biomass dose. The breakthrough time in
continuous fluidized bed system was increased with the increase of bed depth but
decrease with the increase of flow rate. The experimental data were well fitted to
Thomas and Yoon-Nelson mathematical models. From the mathematical models it
was observed that the maximum metal uptake capacity was decreased with the
increase of bed depth but increased with the increase of flow rate. Desorption process
shows that the algal biomass is economically suitable for the regenerate 95 % of the

initial value of sorption capacity of fluoride ions at pH =10.

120



@) Number 2 Volume 22 February 2016 Journal of Engineering
REFERENCES
» -Cengeloglu Y., Kir E., Ersoz M., 2002, Removal of fluoride from aqueous

solution using red mud, Sep. Purif. Technol. 115, 41-47.

-Elwakeel, K.Z., Atia A.A., and Guibal E., 2014, Fast Removal of Uranium
from Aqueous Solutions Using Tetraethylenepentamine Modified Magnetic
Chitosan Resin, Bioresour. Technol.,
http://dx.doi.org/10.1016/j.biortech.2014.01.037

-Hekmatzadeh A., Karimi-Jashni A., Talebbeydokhti N., and Klove B., 2013,
Adsorption Kinetics of Nitrate lons on Exchange Resin, Desalination 326,
125-134.

-Kratochvil D., 1997, A study of the Metal Biosorption Process Utilizing
Sargassum Seaweed Biomass, Ph.D. Thesis, Department of Chemical
Engineering, McGill University, Montreal, Canada.

-Kratochvil D. and Volesky B., 1998, Advances in biosorption of Heavy
Metals, Trends in Biotechnology 16, 291-300.

-Mann S., and Mandal A., 2014, Performance of Low-Cost Adsorbents for the
Removal of Fluoride lons- An Overview, IJESIT, 3, 437-443.

-Meenakshi, R.C., 2006, Fluoride in drinking water and its removal, Center
for Rural Development and Technology, IIT, Delhi,.
- Gandhi R., 1993, National Drinking Water Mission, Prevention and

Control of Fluorosis in India.
-Roberts G. A. F., 1992, Chitin chemistry, Macmillan, London, UK, 55-58.

-Schiewer, S., Volesky, B., 1996, Modeling Multi-Metal lon Exchange in
Biosorption, Environ. Sci. Technol., 30, 2921-2927.

-Sezen, S., Sinem, A., Mustafa, 1., Ali, G., Celal, D., Hulya, Y., 2012,
Dehydrated Hazelnut Husk Carbon: a Noval Sorbent for Removal of Ni (1)
lons From Aqueous Solution, Desalination and water treatment, 50, 2-13.

-Suksabye P. , Thiravetyan, Nakbanpote W., 2008, Column Study of Chromium
(VI) Adsorption From Electroplating Industry by Coconut Coir Pith, J. Hazard.
Mat., 160, 56-62.

» Sulaymon A. H, Ebrahim Sh.E., Abdullah S.M, and Al-Musawi TJ, 2010,

Removal of Lead, Cadmium, and Mercury lons Using Biosorption,
Desalination and Water Treatment, 24, 344-352.

121


http://dx.doi.org/10.1016/j.biortech.2014.01.037

@

=

>

>

>

Number 2 Volume 22 February 2016 Journal of Engineering

Sulaymon A. H, Ebrahim Sh.E.,and Mohammed-Ridha M. J., 2013,
Equilibrium, Kinetic, and Thermodynamic Biosorption of Pb(ll), Cr(lll), and
Cd(ll) lons by Dead Anaerobic Biomass From Synthetic Wastewater,
Environmental Science and Pollution Research, 20, 175-187.

Sulaymon A. H, Ebrahim Sh.E., 2010, Saving Amberlite XAD4 by Using Inert
Material in Adsorption Process, Desalination and Water Treatment, 20, 234—
242.

-Sulaymon A. H, Mohammed A. A, Al-Musawi TJ., 2013a, Competitive
Biosorption of Lead, Cadmium, Copper, and Arsenic lons Using Algae.
Environ Sci. Pollut. Res., 20, 3011-3023.

-Sulaymon, A.H, Mohammed, A.A, Al-Musawi, T.J., 2013b, Column
Biosorption of Lead, Cadmium, Copper, and Arsenic lons onto Algae, J.
Bioproces Biotechniq, 3:128. doi: 10.4172/2155-9821.1000128.

-Sulaymon, A.H, Mohammed, A.A, Al-Musawi, T.J., 2014, Comparative
Study of Removal of Cadmium (Il) and Chromium (I11) lons from Aqueous
Solution Using Low-Cost Biosorbent, Int. J. Chem. Reac. Eng., 12, 1-10.

-Tripathy S.S., Bersillon J-L., Gopal K., 2006, Removal of Fluoride from
Drinking Water by Adsorption onto Alum-Impregnated Activated Alumina,
Separation Purification Technology 50, 310-317.

-Vardhan C.M., Karthikeyan J., 2011, Removal of Fluoride from Water Using
Low-Cost Materials, Fifteenth International Water Technology Conference,
IWTC-15, Alexandria, Egypt.

-Volesky B., 2007, Biosorption and Me, Water Res. 41, 4017-4029.

-Yilmaz-lpek 1., Kabay N., Yuksel M., 2013, Modeling of Fixed Bed Column
Studies for Removal of Boron from Geothermal Water by Selective Chelating
lon Exchange Resins, Desalination, 310, 151-157.

Zelmanov G., Semiat R., 2014, Boron Removal from Water and Its Recovery
Using Iron (Fe*®) Oxide/Hydroxide-Based Nanoparticles (Nano Fe) and Nano
Feimpregnated Granular Activated Carbon as Adsorbent, Desalination, 333,
107-117.

122



@) Number 2 Volume 22 February 2016 Journal of Engineering

S

Table 1. Properties of the algal biomass used in biosorption experiments.

Parameter Value
Particle diameter (mm) 0.4-0.6
Bulk density(g/cm®) 0.680
Real density (g/cm®) 1.100
Surface area (m“/g) 4.07
Micropore volume (cm°/g) 0.713
Bed void fraction 0.577
Point of zero charge, pHpzc 55
Total exchange capacity (mEg/q) 1.24

Table 2. Experimental and theoretical parameters in fluidized bed reactor for Fluoride

removal.
Run Experimental Parameters Thomas model parameters Yoon and Nelson
model parameters
Q |pH| m h Co q Kr ar R® | Ky T R?
(I/min.) 9 | (cm) | (mg/l) | (mg/g) | (I/min.mg) | (Mg/g)
1 0.667 | 2.5 | 100 | 10£0.1 | 10 2.940 | 9.98*10° | 2.794 | 0.998 | 0.099 | 41.889 | 0.997
2 0.734 | 25100 | 12+0.1 | 10 2.530 | 9.50*10° | 2.400 | 0.998 | 0.095 | 32.987 | 0.998
3 0.800 | 25| 100 | 14401 | 10 2.100 | 9.68*10° | 1.997 | 0.995 | 0.096 | 24.957 | 0.995
4 0.667 | 25| 150 | 15+0.1 | 10 2.992 | 8.54*10° 2.88 | 0.999 | 0.085 | 58.073 | 0.999
5 0.667 | 25| 80 | 8+0.1 10 1.52 9.55*10° | 2.775 | 0.998 | 0.095 | 33.291 | 0.998
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Table 3.Desorption capacity values

Journal of Engineering

Run Experimental Parameters
Q (I/min.) pH m (9) h Co (mg/l) q (mg/g)
(cm)
1 0.667 8 100 10+0.1 10 2.107
2 0.667 9 100 10+0.1 10 2.556
3 0.667 10 100 10+0.1 10 2.799
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i
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Figure 1. Experimental fluidized bed setup, A: Metal solution tank, B: Pump, C:

Flow meter, D: Distributer, E: Column reactor.
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Figure 2. Effect of algal biomass dosage and initial concentration on removal of
fluoride from aqueous solution, pH 2.5, at room temperature, contact time: 4 h at 200

rpm.
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Figure 3. Effect of pH on removal of fluoride from aqueous solution at room

temperature, 200 g algal biomass/200 ml, contact time: 4 h at 200 rpm.
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Figure 4. Effect of flow rate on fluoride removal in fluidized bed reactor at pH=2.5,
Co=10mg/Il, biomass weight =100g using Thomas Model.
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Figure 5. Effect of flow rate on fluoride removal in fluidized bed reactor at pH=2.5,
Co=10mg/l, biomass weight =100g using Yoon and Nelson Model.
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Figure 6. Effect of algal biomass weight on fluoride removal in fluidized bed reactor
at pH=2.5, Co=10mg/I, flow rate =0.667 I/min using Thomas Model.
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Figure 7. Effect of algal biomass weight on fluoride removal in fluidized bed reactor
at pH=2.5, Co=10mg/I, flow rate =0.667 I/min using Yoon and Nelson Model.
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ABSTRACT

In this research, deposition of titanium oxide (TiO) and vanadium oxide (V,0s) thin film in
different mixing percentage (0, 25,50, 75 and100)% on the substrate of glass .The coating
thickness was ( 50 nm ).

In this research contact angle was measured and the effect of weather conditions. Results showed
that the value of the contact angle of the prepared films reached its highest value at 50%
(TiO2+V,05) was 160°.

The results showed that the optical transmittance of TiO, and V,0Os thin film decrease with
increasing the deposition angle and decrease with increasing V,Os proportion.

KEY WORDS :TiO,,V,0s,thin film ,contact angle, optical transmittance, super hydrophobic
surface.
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1. INTRODUCTION

Recently titanium oxide (TiO,) vanadium oxide V,0s ultra thin films have been investigated
with regards to their remarkable optical, electrical and photo electrochemical properties.
A number of methods have been employed to fabricate thin films, including e-beam evaporation
,M.Z. OBIDA, 2005, sputtering, M. N. ESFAHANI 2008, chemical vapor deposition S.H. LEE
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et.al ,2001and sol-gel process , J. YU, X. ZHAO, 2001, and Q. ZHAO. Among these methods
the sol-gel process is one of the most appropriate techniques to prepare thin film.

Application of (TiO, ,V,0s) like microfiltration media properties, catalytic reactors, cathodic
protection, orthopedics. Contemporary orthopedics commonly uses various types of implants
which replace damaged or malfunctioning parts of the osteoarticular system. The implants are
manufactured using a number of construction materials fulfilling specific requirements. To
numerous metallic materials belong stainless steel and titanium alloys, W.A. Seattle, 2006.

The materials used for the implants working for a long time in a living organism environment
ought to be bio-acceptable, resistant to the influence of the tissue environment, and compatible
biochemically. Also the implant surfaces are known to be very important, because their
chemical, biomechanical, and topographic features influence the behavior of cells during the
initial stage of the implant integration with the surrounding tissues, ultimately determining the
speed and the quality of new tissue formation M.Z. OBIDA, M. N. ESFAHANI.

Physical properties of metallic materials which accelerate the development of bone—implant
interactions can be improved by various techniques of surface film engineering, e.g. by the
deposition of ultra thin oxide films by the sol-gel method, S.H. LEE et.al.

The main purpose of the present paper is fabrication of (TiO,,V,0s) ultra thin films deposited on
the surfaces of glass from its powders.

2. EXPERIMENTAL WORK:

This work includes many steps;

A- THE MATERIALS USED FOR THE PREPARATION OF THIN FILMS:-

The materials were used in this work to fabricate thin film are TiO, and V,0s powders. These
powders are prepared in sequent process is mentioned below:

Sieving process, milling process, and sieving process, particle size measurement process,
preparation of materials ratio.

Sieving process was carried out in Material Engineering Department /University of Technology
by the equipment device. Where using sieves measurements (93, 75.53, 38, 25) um.

Milling process were done in Material Engineering Department /University of Technology by
the equipment device, this process in 3 hour for each powder. Ball mill model 9 variable speed.
Particle size test was carried out in Advanced Materials Research Center at the Technology and
Science Ministry. Specification of the device are (SALD-2101) laser diffraction particle size
analyzer shimadzu. The results of the powder that was used in the research are as follows:
V,05=0.421 pm , TiO, = 0.390um as in fig (1) and (2).

Particle of powder materials have been weighed according to the selected ratio to prepare
batches for the spray process by using balance device type Denver max weight is (210) g. This
method are described in table (1).

B-SYSTEM PREPARATION:-

The system which is used for preparation of thin films by powder deposition process indicated
in fig (3).
This systems consists from a-nozzle b- compressor device c- electric heater d-flow meter e-
beaker g —connection f- temperature measuring device remotely.
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C- SUBSTRATE PREPARATION:-

All glass sheets were investigated in this work as substrate for preparation of surface in
standard dimension as (5x2x0.2) cm and purity (99.99%). Cleaning process for the glass
substrates was done by ethanol alcohol for 10 min , M. Mahdil, 2009, rinse with distilled water,
drying in air. After this operation the samples were putted and fixed on the electric heater with
control temperature.

D- SPRAYING PROCESS:-

Pre chamber of the nozzle is designed as a unit for mixing carrier gas and for gas-powder,
which moves down from the powder feeder to pre chamber. Low velocity gas-powder mixture
entrances into pre chamber. Low-velocity gas- powder mixture moves from the feeder into pre
chamber under high pressure (value of static pressure in powder mixture must be higher than
pressure of carrier gas). That is why powder feeder must be designed considering high level of
pressure inside. Pre chamber is connected to nozzle. Gas which we used in this work is air. Flow
gas determine is (2.5 I/min) , at pressure ( 7) bar ,temperature is ( 25 ) C°. In the spray, unit
powder is accelerated and heated by gas flow. After leaving the nozzle, particles interact with
substrate and create a coating.

e- ANNEALING : was done at (350)C° for (one hour) in furnace type German origin
(Nabertherm), maximum temperature up to 1100C° .

f- TESTING :
1- CONTACT ANGLE TEST:- Sample has been used to measure the contact angle for the
droplet. According to the specification ASTM No (813-1990), ASTM,1988.
In this test, it is used the following items:-

a - rule b - camera type and strength enlarge(16 M pixel) to take pictures of the drop for each
sample c - camera holder d - protractor e - light source f - needle or tube lattice equipped with a
drop of water g - stopwatch h - thermometer and humidity k — computer. After that, contact
angle can be plotted for each drop. Measure the angle from the right equal measure from the left.
Samples that were used are st.st. Which has been stored in closed containers in order to keep this
coat and uses gloves or carry special forceps.

Contact angle e apparent are shown in fig(4), droplet is shown in fig(5).

2- UV SPECTROMETER
TiO, and V,0s thin films on glass substrate were irradiated by UV-VIS
spectrophotometer.The device to measure the optical transmission of film is shown in figure (6).
we were recorded the optical absorption and transmission for glass samples by UV-VIS
spectrophotometer. From these it can find properties of the coating, thickness accurately by the
equations (1) and (2) , M. Al-Mudhaffer, 2010.

r = (n-1)%/(n+1)> (1)
n : refractive index(dimensionless)
t= (1-r?) *e ! 2)

t: optical transmittance (percentage)
o absorption coefficient( cm™)
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t: coat thickness (um)

This device is available in nanotechnology and advanced materials research center / the
university of technology with range (200-1200) nm.

3. RESULTS AND DISCUSSION

Fig(7) shows the contact angles of all the film which have been prepared at different
deposition angles before exposure to Iragi weather. In this figure note that component on the
horizontal axis powder mixture concentration ratios (wt%) and the values of the contact angles in
degrees on the vertical axis.

a-EFFECT OF COMPOSITION:-

The change ratios of powders included in the mixture, which was deposited affect on the
value of the contact angle on the one hand. This figure represents a pre-exposure to weather
conditions. The value of the contact angle of the titanium oxide reached almost 120°, and almost
rise to 160°, X.Ding and Z. Wang, 2011.
b-Effect of deposition angle:

In the same figure an increasing the angle of deposition lead to increase the contact angle at
all mixture concentration. At change of the deposition angle and this corresponds with the
previous research, reaching to 151.5°, C. Xue and E.Denver, 2008.

Either in the case of vanadium oxide, it find that the value rise and reached 160° also with
increasing deposition angle. and can conclude that angle deposition played a key role in
changing the coat condition from hydrophobic to super hydrophobic and this value is identical
with the reference ,K. Senthila and M. Kanehira, Z. Zhang, 2011.

Fig(8) illustrates change in contact angle after exposure to Iragi weather condition during
four months full of all samples. In this figure it noticed that the value of the change was few, as
happened simple change in contact angle value and nearly all samples after four months full due
to the influence of moisture and this corresponds to the reference , C.V. Ramana et.al, 2004.

In Fig (9) contact angle was taken per month for four months and four samples that showed
the highest value contact angle through the first examination in Fig(8) with concentration (50%
Ti0,,50%V,0s5) and then examined for each month separately. Results also showed simple
decrease in the values of the contact angle because increased humidity, which corresponds to
(any moisture ratios) months installed in the same Fig (9), because the increased humidity
caused an increase in the area of exposure which cause that decreased M.Z. OBIDA et.al., 2005,

C. Xue and E.Denver, 2008.

Optical transmittance have many application varied. Because it's important to have the coat or
thin film high percentage of transparency in the area over the visible spectrometer. Therefore be
appropriate for the application , C.V. Ramana et.al.

Fig (10:a) represents transmittance value of 100% TiO;, and0% V,Os and note that with
increasing angle low transmittance because decrease case irregular film, which we observed in
the images imaging microscopy in the preceding paragraph. The same think is true for the other
thin films figures (10: b ,c ,d , e) that represent mixtures. Including all note on the whole low

transmittance with increasing angle deposition, W. Gulbinski et.al, 2003.
4. CONCLUSIONS:

a-Real contact angle that have been measured (155°). That means the film was super
hydrophobic especially at deposition angle of 45°.
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b- It is clear that the optical transmittance of TiO, and V,0s thin films decrease with increasing
the deposition angle and decrease with increasing V,0s proportion .Where it was in the case of
pure titanium dioxide (82% ) and decrease to (40%), maximum transmittance is (95% ).

c-The contact angle measurements have highest value for mixture (50% TiO;, 50%V,0s)
increased with high angular deposition hitting (160°) at deposition angle (45°).

d- The influence of weather conditions was limited at this deposition angle (45°) for mixture
(50% TiO,, 50%V,0s) after exposure to four months consecutive full of Iraqi weather
conditions.
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Table 1. Ratio of mixing powder materials according to weight percentage.

Sample A B C D E
symbol
Composition | 100%TiOz+ | 75%TiO+ | 50%TiOz+ 2506 TiO,+ 0%TiO,
0%V,05 25%V,05 50%V,05 75%V,05 100%V,05
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Droplet

Test Substrate

Figure 5. Droplet on the sample  Figure 6. UV-VIS spectrometer device

134



Number 2 Volume 22 February 2016 Journal of Engineering

180
160 | 5 i y -
140 W L = [
ah . * -
< 120 &
@ L 4
:‘T:.D 100 45 deg.D.A
g 80 30deg. D.A
=
S 60 W 15deg D.A
40
* Odeg. D.A
20
0
8] 25 50 75 100
Concentration V205 wt%

Figure. 7. Effect of V,05 wt% on contact angle results before exposure to weathering and
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ABSTRACT

In this study, a three dimensional finite element analysis was utilized to study the behavior of
reinforced concrete T-girders with and without web openings under pure torsion by using
ANSYS APDL 15.0 program. Fourteen reinforce concrete T- girders were analyzed; one of the
girders (without web openings) was modeled as a control girder. The analysis variables
considered for the other girders are: size, shape, position of web openings, number of web
openings and the method was used to strengthen the member at openings, (using internal
deformed steel bars as in the case where the openings are planned before casting the girders). To
study the general behavior of finite element models, torque-angle of twist plots at the end of the
span near the loaded arms were represented. From this relation, it was showed a decreasing in
the strength of the T-girders with web openings under the torsional loads and increasing of the
angle of twist. The results were analyzed in terms of torque twist characteristics; ultimate torque,
crack patterns, crack width, warping and stresses. These terms were presented and a comparison
between the finite element results was made.

Keywords: finite element analysis, torsion, reinforced concrete, web opening, girder.
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1. INTRODUCTION
In current buildings construction, a transverse opening in reinforced concrete (RC) beam is often

presented for the passage of utility pipes and ducts. These pipes or ducts are requisite to
accommodate with fundamental services such as air-conditionings, electricity, water supplies,
computer networks, and telephone wires, Ahmed, et al., 2012. The passing of these ducts
through the openings in the RC floor beams eliminates a significant amount of dead space and
results in a more economical and compact design, AL-Shaarbaf, et al., 2007.

The effects of an opening on the RC beam behavior and strength must be considered; including
transverse openings in the web of a RC beam induces high stress concentration at opening
corners, alters the simple beam behavior to a more complex one and reduces beam stiffness.
While providing a large opening, the effects on service and ultimate load behaviors of the beam
must be properly accounted for in the design, AL-Shaarbaf, et al., 2007. An opening in a RC
beam creates discontinuity in the stresses normal flow, this leads to early cracking of concrete
due to stress concentration at edges of the opening. To avoid this, special reinforcement
enclosing the opening should be provided in the form of internal or external reinforcement.
Internal reinforcements are steel bars provided along with the main reinforcements during
casting. External reinforcements are applied externally around opening in the form of jacketing
of composite materials like glass fiber or carbon fiber reinforced polymer called GFRP or CFRP,
Venugopal, 2014.

2. BACKGROUND
Daniel and McMullen, 1977, presented in their paper a method for predicting the torsional

strength of a concrete beam that contains an opening and is reinforced both longitudinal and
transversely. Sixteen beams were tested of which two did not have an opening (solid beams).
The other beams contained an opening that was placed symmetrically except in B47 and B48
with unsymmetrically position of opening. All specimens were subjected to pure torque at their
solid ends. The load was applied in increments and after the application of each increment of
load, the strains, rotations, and deflections were recorded and the cracks were marked.
McMullen and Daniel, 1975, displayed equations for predicting the torsional strength of RC
beams that contain openings to be used as service ducts. The results were compared with the test
results of 29 concrete beams. The strength of beams containing a small opening can be larger
than the strength predicted by the theory because the spiral crack extends into the solid portion of
the reinforced concrete beam. Although, all the tested beams were subjected to pure torsion, the
analysis includes the moment and the shear due to self weight of the RC beam and thus can
easily be outspread to include members supporting external loads that cause bending and shear.
Venugopal, 2014, tested eleven beams of the same dimensions. Beams were divided into two
series. The first series was cast with circular opening whereas the second was cast with
rectangular openings of the same cross sectional area. One beam without web openings was also
casted and treated as control beam. Each series consisted of five beams; the first beam had a
centrally located single opening and the remaining four were cast with two symmetrically
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located openings. The other three beams with two openings of both series were retrofitted with
bi-directional GFRP fabric.

Fawzy et al, 2014, studied the use of externally bonded fiber reinforced polymers to strengthen
concrete beams with a large web opening subjected to pure torsion. An experimental work was
carried out to investigate the torsional behavior up to failure of nine RC beams having the same
dimensions and reinforcement. One of them is solid without opening as a reference beam and
one of the remaining eight beams was tested without any strengthening and seven beams were
strengthened with carbon fiber reinforced polymer (CFRP) with different schemes. The major
parameter included in this study was the strengthening effect of different schemes of CFRP
sheets on behavior of RC beams with a large web opening under pure torsion.

3. OBJECTIVE
The research investigation aimed to study the behavior and strength of a reinforced concrete T-

girder with and without a web opening under pure torsion, using ANSYS APDL 15.0 Program.
The major variables of the study were the number, size, shape, position of web openings along
the span and the reinforcement around openings. During the static analysis, the variables
measured for each T-girder were torque versus angle of twist values at the free end of the girder
near the loading arm on both concrete and steel, crack pattern, crack width, warping and stresses.

4. VERIFICATION OF THE FINITE ELEMENT IDEALIZATION
The validity and accuracy of finite element idealization were studied and checked by analyzing

reinforced concrete beam (B1) that tested experimentally by Mansur et al. 1983a as shown in
Fig.1b. The aim of the comparison is to ensure that the elements, material properties and
convergence criteria are adequate to model the response of the beams and to be sure that the
simulation process is correct. The concrete beam was modeled using 8-node brick elements
(Solid 65). The reinforcing bars were modeled using 2-node element (Link 180). The loading
arm and the steel plates were modeled using (Solid 45) elements, as shown in Fig.1a. Due to the
nature of the torsional problem, where there are out-of-plane as well as in-plane forces, the
model is generated with mainly three dimensional elements. A square or rectangular mesh is
recommended and the total number of nodes equals 3223 while the total number of elements
equals 3615. The shear transfer coefficients for closed and open cracks of values 0.6 and 0.7,
respectively after several of trails. Convergence criteria was set as (U = 0.05) and the Norm was
infinite.

4.1. RESULTS OF FINITE ELEMENT VERIFICATION MODEL
Fig.2 represents the relationship between the torque and the angle of twist, and revealed that the

general behavior for the tested beams in torsion is well established by the adopted numerical
model. The analytical results show that the prediction of the ultimate torque capacity of the beam
was close to the experimental result; while the prediction of angle of twist was smaller than the
experimental result by 24%.
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5. FINITE ELEMENT IDEALIZATION OF THE T-GIRDER
The (Solid65) element was used to model the concrete and (Link180) element was used to model

steel reinforcement, while the (Solid45) element is used for modeling the steel plates at the
supports and steel arms. Fourteen reinforced concrete T-girders were modeled, details are given
in Table 1. The (Solid65) element requires linear isotropic and multi-linear isotropic material
properties to properly model concrete. The modulus of elasticity of the concrete, (EX = 23500
MPa) and Poisson’s ratio is taken as (0.2). The uniaxial cracking stress is based upon the
modulus of rupture which was (f, =3.1). The uniaxial crushing stress in this model was based on
the uniaxial unconfined compressive strength (f.= 25 MPa). For the (Link180) element, the
bilinear model requires the yield stress ( f, = 400 MPa) for longitudinal and stirrups
reinforcement, as well as the hardening modulus of steel to be defined as zero. Elastic modulus is
defined as (EX = 200000 MPa) and Poisson’s ratio PRXY as (0.3). For the (Solid45) element,
the element was modeled as a linear isotropic element with a modulus of elasticity for the steel
as (EX =200000 MPa) and Poisson’s ratio PRXY as (0.3).

5.1 Dimensions and Details of T-Girder
Dimensions of the tested T- Girders are: length of girder is 20000 mm, width of flange is 1000

mm, thickness of flange is 200 mm, width of web is 400 mm and depth of web is 1200 mm. A
concrete cover of 40 mm was used in the web of the T-girder and 25 mm in the flange, see Fig.3.
Dimensions of the steel arms are (500x200x500) mm from the flange, (500x1200x800) mm
from the web and for the steel plates are (500x50x400) mm. Diameter of circular openings is
400 mm and 600 mm which equals about % 33.3 and % 50 of the depth of web; the depth of the
rectangular and square web openings was % 33.3 and % 30 of the depth of web. The T-girders
were reinforced with 9936 mm deformed bars as flexural reinforcement. The shear
reinforcement (stirrups) was @12 mm deformed bars at 250 mm c/c. Bars of 12 mm deformed
bars at 500 mm c/c were used as horizontal and longitudinal reinforcements for the flange of the
T-girder. This reinforcement was used for all T-girders that were with unstrengthened openings
except girder (G8) and (G13). T-girder (G8) was strengthened with pre-fabricated internal
deformed steel bars (additional reinforcements around opening) consisting of 812 mm diagonal
bars around the openings, 4912 mm horizontal bars above and below the openings and
concentrated stirrups @12 mm above and below the opening at 50 mm c/c. The additional
reinforcement for (G13) increased near the opening greater than the additional reinforcement in
(G8). Fig.4 shows model of the specimens. The shear transfer coefficients for open and closed
cracks of values 0.3 and 0.5, respectively. Convergence criteria were set as default and the Norm
was L2.

5.2 Modeling of the T-Girder

Full T-girders were used in modeling with proper boundary conditions. The concrete, steel plates
and steel arms of the T-girders were modeled as volumes. It should be noted that for specimens
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(CG, G1 to G13), some modification of dimensions was made due to geometric constraints from
the some elements in the models, i.e. meshing of concrete elements and steel rebar locations.

5.3 Meshing of the T-Girder
The use of a square or rectangular mesh is recommended to obtain good results from the Solid65

element, Jindal, 2012, and Wolanski, 2004, and using a tetrahedron mesh around the web
openings as shown in Fig.5 except T-girder (G3), (G8) and (G13), using a square or rectangular
mesh for all. No mesh of the steel reinforcement is needed because individual elements were
created in the modeling through the nodes created by the mesh of the concrete volumes as shown
in Fig.7. The command 'merge items' is used to merge separate entities that have the same
location.

5.4 Loading and Boundary Conditions
The analyzed T-girder was supported at a distance of 1.0 m from the ends on cylindrical

bearings. These bearings permitted free torsional rotation at the supports as shown in Fig.6. A
loading arm was attached to the T-girder at each support. The load was applied to one of the
loading arms while the other loading arm was held in position in ux, uy, uz directions. The
ultimate torsional strength for the control girder was 163.5025 kN.m.

5.5 Parametric Study
In order to investigate the effects of most important parameters affecting the torsional capacity of

RC T-girders with web openings, a parametric study have been carried out in this study, these
parameters include:

1- Shape of the openings.

2- Size of the openings.

3- Number of the openings.

4- Position of the openings.

5- Strengthen of the openings.

5.6 Results and Discussion
The general relationship between torque and angle of twist is such that, initially linear elastic

behavior at a low loading stage was observed, the load gradually increased up to failure. Finite
element analysis, using ANSYS program, was used to simulate concrete T-girders with and
without single and multiple web openings. The general behaviors of the modeled girders were
represented by the torque-angle of twist plots at the end of the span near the loaded arms showed
a decreasing in the ultimate torsional strength of the T-girders due to introducing openings in the
web, using the same longitudinal and transverse reinforcements except T-girders (G8) and (G13)
as shown in Fig.9 to Fig.21.

It has been found for T-girder which casted from ordinary concrete, when the diameter of
opening increased, the reduction of ultimate strength increased and the pattern of cracking, as
well as mode of failure of the T-girder changed. The depth of the opening with 30%, 33.3% and
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50% of the overall depth of the web of the T-girder had an effect on decreasing the ultimate
torsional strength of the T-girder and the depth of web opening had a greater effect than the
effect of the length of web openings.

Concerning the effect of the shape of the web openings, it was found that there was difference
between circular, square and rectangular web openings, the effect of square and rectangular web
openings were decreasing the ultimate torsional strength greater than the circular web openings.
The location of the web opening in the center of the web of the T-girder has a larger effect than
the position near the end of the T-girder span. The changing of the eccentricity of the web
openings showed a decreasing in the ultimate torsional strength of the T-girders for (G7) with %
3.31, while the eccentricity of the web openings showed a decreasing in the ultimate torsional
strength of the T-girders for (G9) with % 6.92. This shows that the effect of the eccentricity of
the web opening near the flange was less than the effect of the eccentricity of the web opening
near the bottom of the web; the flange of T-girder elements loaded with pure torsional had a
beneficial effect on their load capacity. The eccentricity of the web opening at the center of the
T-girder (G1) has a decreasing of % 3.980 of the ultimate torsional strength.

The number of web openings reduced the torsional strength as it increased. The reduction in
ultimate torsional load of (G1) with one circular opening was % 3.980 while for (G5 and G11)
with two circular openings was % 5.693 and % 7.868, respectively. For (G12) with four circular
openings, the reduction in ultimate torsional load was % 5.000. The different between the results
of the above T-Girders was the effect of position of web openings besides the effect of the
number of web openings.

The application of strengthening arrangement presented in this research for T-girder (G8) and
(G13) with square web opening had an effect on the T-girder deflection, controls cracks around
openings, and decreased the ultimate capacities of the girder by about % 7.657 and % 1.440,
respectively.

The warping for T-girder without web openings was less than warping of the T-girder with web
opening at some position and was greater at other position while the warping near the opening
was greater than the warping near the loaded arms. The angle of twist was increased when there
was a web opening.

The crack first appeared with spiral view near the opening with an angle of 45° and then
extended to the top of the flange and for the entire web of the T-girder with the same angle; the
extended cracks greatly increased in the beginning near the bottom of the web than the top of the
flange. In general, torsional cracks occurred early at mid span for control T-girder, and at the
opening for other T-girders. Increasing the applied loads induced additional diagonal torsional
cracks. The crack width increased as the size, number of opening, eccentricity and strength of
openings increased.

The maximum stresses appeared around the openings and the lowest stresses appeared at the end
of the T-girder. Fig.8 shows the deformed shape of the control girder CG. Fig.22 and Fig.23
show the numerical crack patterns and the numerical XY-shear stress, respectively. Fig.24 shows
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the numerical stress intensity of the reinforced concrete for (G13) and Table 2 shows the
summary of numerical torque results.

5.7. Conclusions
Conclusions drawn from the theoretical work are summarized as follows:

1- The general behaviors of the modeled girders were represented by the torque-angle of twist
plots at the end of the span near the loaded arms showed a decreasing in the ultimate torsional
strength of the T-girders. The depth of web opening had a greater effect than the effect of the
length of web openings.

2- Concerning the effect of the shape of the web openings, it was found that there was difference
between circular, square and rectangular web openings, the effect of square and rectangular web
openings were decreasing the ultimate torsional strength greater than the circular web openings.
3- The location of the web opening in the center of the web of the T-girder has a larger effect
than the position near the end of the T-girder span. The changing of the eccentricity of the web
openings showed a degreasing in the ultimate torsional strength of the T-girders. The effect of
the eccentricity of the web opening near the flange was less than the effect of the eccentricity of
the web opening near the bottom of the web.

4- The number of web openings reduced the torsional strength as it increased.

5- The application of strengthening arrangement around web opening had an effect on deflection,
controls cracks around openings and on decreasing the ultimate torsional capacity of the T-
girder.

6- The warping for T- girder without web openings was less than warping of the T-girder with
web opening at some position and was greater at other position while the warping near the
opening was greater than the warping near the loaded arms.

7- The angle of twist was increased when there was a web opening.

8- The crack first appeared with spiral view near the opening with an angle of 45° and then
extended to the top of the flange and for the entire web of the girder with the same angle; the
extended cracks greatly increased in the beginning near the bottom of the web than the top of the
flange. In general, torsional cracks occurred early at mid span for control T-girder, and at the
opening for other T-girders. The crack width increased as the size, number of opening,
eccentricity and strength of openings increased.

9- The maximum stresses appeared around the openings and the lowest stresses appeared at the
end of the T-girder.
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Symbols and Abbreviations

modulus of elasticity of the material.

stress at any strain .

cylinder compressive strength of concrete, MPa.
modulus of rupture.

yield stress of tensile reinforcement.
analysis Systems ( Software ).

ANSYS parametric design language.

carbon fiber reinforced polymer composites.
finite element method.

glass fiber reinforced polymer composites.
reinforced concrete.

poisson’s ratio.

angle of twist from torsion.
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Figure 1a.FE idealization of the beam B1.
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Figure 1b.Test set up and instrumentation of B1.
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Figure 2.Numerical torque-twist behavior for beam B1.
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Figure 3a.Top view of the control girder model.
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b.Steel reinforcement layout of the control T-girder.
Figure 3.Dimensions and steel reinforcement layout of the control T-girder.
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Figure 4a.Model program, from CG to G4, G8 and G13.

147



Number 2 Volume 22 February 2016 Journal of Engineering

G10

G11

G12

Figure 4b.Model program G5, G6, G7 and from G9 to G12.
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Figure 6.Loading and boundary conditions of CG used in the analysis.
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Figure 7.Additional reinforcement of T-girder G13.
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Figure 8.The deformed shape of the control girder CG.
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Figure 9.Torque-twist behavior for G1.
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Figure 11.Torque-twist behavior for G3.
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Figure 12.Torque-twist behavior for G4.
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Figure 13.Torque-twist behavior for G5.
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Figure 17.Torque-twist behavior for G9.
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Figure 14.Torque-twist behavior for G6.
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Figure 16.Torque-twist behavior for G8.
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Figure 18.Torque-twist behavior for G10.
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Figure 19.Torque-twist behavior for G11.
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Figure 21.Torque-twist behavior for G13.
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Figure 22.Numerical crack patterns around an opening.
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Figure 23.Numerical XY-shear stress patterns for CG.
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Table 1.T-girders used in the modeling program.

Girder Symbol Description

CG Control T-girder (without web openings)

Gl T-Girder with one circular web opening at the center of the T- girder (D =
400 mm)

G2 T-Girder with one circular web openings at 1050mm from the supporting
end arm of the T-girder (D = 400 mm)
T-Girder with one equivalent square web opening at the center of the web

G3 _
(L =360 mm)
T-Girder with one circular web opening at the center of the girder (D =

G4
600 mm).

G5 T-Girder with two circular web openings at 1050mm from the two end
arms of the girder (D = 400 mm.)

G6 T-Girder with one rectangular web opening at the center of the web (L =
500 mm, H =400 mm).

G7 T-Girder with one circular web opening with eccentricity 200 mm above
the center of the web girder (D = 400 mm).

G8 T-Girder with one equivalent square web opening at the center of the web
(L =360 mm) strengthen with additional reinforcement.

G9 T-Girder with one circular web opening with eccentricity 200 mm under
the center of the web girder (D =400 mm).

G10 T-Girder with one square web opening at the center of the web (L= 400
mm).

G11 T-Girder with two circular web openings near the center of the web (L=
400 mm) and the distance between the openings is 1100 mm.

G12 T-Girder with four circular web openings near the loaded arms (L= 400
mm) and the distance between the two adjacent openings is 3100 mm.

G13 T-Girder with one equivalent square web opening at the center of the web
(L =360 mm) with increasing the additional strengthen reinforcement.
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Table 2.Summary of numerical torque results.
Firsf[ . %Reduction | Angle of Twist at
Model Cracking Ultimate . . .
Specimen Torque Torque (kN.m) m_IEJOIIElmate !:allure
(kN.m) que (e in degree)

CG 125.6450 163.5025 | = ----- 0.614300
Gl 102.1525 156.9950 % 3.980 0.635273
G2 125.6450 158.3625 % 3.144 0.612762
G3 113.205 150.9825 % 7.657 0.614229
G4 102.1525 150.6600 % 7.854 0.623128
G5 125.6450 154.1950 % 5.693 0.630033
G6 121.3725 149.4750 % 8.579 0.620090
G7 102.1525 158.0925 % 3.310 0.677114
G8 103.9025 151.5700 % 7.298 0.609854
G9 113.2050 152.1772 % 6.927 0.613281
G10 82.9300 153.0050 % 6.420 0.626393
G11 100.230 150.6375 % 7.868 0.816267
G12 102.1525 155.2725 % 5.000 0.799121
G13 107.7950 161.1500 % 1.440 0.681792
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ABSTRACT

The World witnessed over the past few decades a clear change in the urban existence
map, where the number of cities' residents has increased and the cities geographic area
expanded, also networks of roads and electric power stations were spread. This extraordinary
events caused the drawing of a different identity to the world, race with itself in the field of
energy and raw materials consumption. Therefore, the research issue individualizes in the lack
of available knowledge concerning the subject of environment friendly ecological urban
desiging and planning.So the research aims to define the environmentally friendly eco-city'
structural elements and to clarify their most important planning and design foundations. To
Investigative this goal the research has assumed that "the human urban agglomerations'
development towards environment friendly ecological ones would depend on finding a
complete urban structure grounded on a numbers of foundations and standards which are
basically inspired from the qualities of systems in such natural environment".

Key words : urban sustainability, Natural environment, urbanism, ecological system,

functional ecological zoning .
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Expert System

Asst. Prof.Dr. Entisar Kadhim Rasheed
Department of Civil Engineering
College of Engineering
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E-mail:int.pros_62@yahoo.com

ABSTRACT

The subject of an valuation of quality of construction projects is one of the topics which it
becomes necessary of the absence of the quantity standards in measuring the control works and
the quality valuation standards in constructional projects. In the time being it depends on the
experience of the workers which leads to an apparent differences in the valuation.

The idea of this research came to put the standards to evaluate the quality of the projects in a
special system depending on quantity scale nor quality specifying in order to prepare an expert
system “ Crystal “ to apply this special system to able the engineers to valuate the quality of their
projects easily and in more accurate ways.
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