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ABSTRACT

The use of blended cement in concrete provides economic, energy savings, and ecological

benefits, and also provides. Improvement in the properties of materials incorporating blended
cements. The major aim of this investigation is to develop blended cement technology using
grinded local rocks . The research includes information on constituent materials, manufacturing
processes and performance characteristics of blended cements made with replacement (10 and 20) %
of grinded local rocks (limestone, quartzite and porcelinite) from cement.
The main conclusion of this study was that all types of manufactured blended cement conformed to
the specification according to ASTM C595-12 (chemical and physical requirements). The percentage
of the compressive strength for blended cement with 10% replacement are (20, 11 and 5) %, (2, 12
and, 13) % and (18, 15 and 16) % for limestone , quartzite and porcelinite respectively at (7,28 and
90)days for each compare to the reference mix, while blended cement with 20% replacement are (-3,
-5 and -11) ,(6, -4% and -5) and (6, 4 and 6) % for limestone , quartzite and porcelinite respectively
at (7, 28 and 90)days compare to the reference mix .The other mechanical properties (flexural tensile
strength and splitting tensile strength) are the same phenomena of increase and decrease in
compressive strength. The results indicated that the manufacture Portland-limestone cement,
Portland-quartzite cement and Portland-porcelinite cement with 10% replacement of cement with
improvable mechanical properties while the manufacture Portland-porcelinite cement with 20%
replacement of cement with slight improvable mechanical properties and more economical cost.
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1. INTRODUCTION

The ACI 116, 2000, defined blended cement as a hydraulic cement consisting essentially of an
intimate and uniform blend of granulated blast-furnace slag and hydrated lime, or an intimate and
uniform blend of Portland cement and granulated blast-furnace slag, Portland cement and pozzolan ,
or Portland blast-furnace slag cement and pozzolan, produced by intergrading Portland cement
clinker with the other materials or by blending Portland cement with the other materials, or a
combination of intergrading and blending.

With the extensive use of cement in concrete, there have been some environmental concerns in
terms of damage caused by the extraction of raw materials and CO, emission during cement
manufacture. This has brought pressures to reduce the cement consumption in industry. At the same
time, more requirements are needed for the enhancement of concrete durability to sustain the
changing environment which is apparently different from old days, Ishwar, 2012.

2. LITERATURE REVIEW

All the cementitious materials have one property in common: they are at least as fine as the
particles of Portland cement, and sometimes much finer. Their other features, however, are diverse.
This applies to their origin, their chemical composition, and their physical characteristics such as
surface texture or specific gravity. Some of these materials are cementitious in themselves; some
have latent cementitious properties, yet others contribute to the strength of concrete primarily
through their physical behavior. It is proposed, therefore, to refer to all these materials cementitious
materials, Neville, 2011.

Limestone is a sedimentary rock composed primarily of calcium carbonate (CaCOg) in the form
of mineral calcite. It is most commonly formed in clear, warm, shallow marine waters. It is usually
an organic sedimentary rock that is formed from the accumulation of shell, coral, algal and fecal
debris. It can also be a chemical sedimentary rock formed by the precipitation of calcium carbonate
from lake or ocean water. Most limestone is crushed and used as a construction material. It is used as
a crushed stone for road base and railroad ballast. It is used as an aggregate in concrete. It is fired in
a kiln with crushed shale to make cement, Geology, 2014.

Inan Sezer, 1986, showed that consistency water demand decreases when limestone and clinker
are interground together. Studies by P'era et al., 1999, suggested an accelerating effect of limestone
on the hydration of cement and showed that different hydration products are formed due to the
presence of CaCOs;. A general observation is that transformation of ettringite into monosulfate is
delayed by the calcium carbonate, Taylor, 1997, Kakali, 2001 and Erdogdu, 2000, prepared
blended cements with 5, 10, 20, and 30% limestone replacement ratios, and reported that consistency
water demand decreases with the increasing limestone replacement.

Al-Taai, 2009, observed that concrete produced from limestone-ordinary Portland cement
generally shows enhanced workability properties which are particularly useful in unformed surfaces.

Quartzite is a non-foliated metamorphic rock that is produced by the metamorphism of sandstone. It
is composed primarily of quartz. The term quartzite implies not only a high degree of hardening
(induration), or “welding,” but also a high content of quartz; similar rocks that contain appreciable
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quantities of other minerals and rock particles are impure quartzite’s, more appropriately called gray
wacke, sandstone, or the like, Britannica.com, 2014.

Snellings et al., 2013, studied a comparison between the early-age hydration of cements blended
with micronized zeolitite and quartzite powders. The Portland cement replacement in the mixes was
30 %, and the effect of introducing a superplasticizer to lower the required water to solid ratio was
assessed. The cement pastes were hydrated at 40°C and monitored in situ by time-resolved
synchrotron X-ray powder diffraction combined with Riveted quantitative phase analysis.

The quantitative evolution of phase weight fractions showed that the addition of the zeolite tuff
accelerated the hydration rate of the main C3S cement component. Blending with the quartzite
powder of similar fineness did not affect the C3S hydration rate. Reduction of water to solid ratio by
introduction of the superplasticiser had a retarding effect on the hydration of the zeolitite-blended
cement over the early hydration period up to 3 days and the quartz content in the quartzite blended
cement did not present any significant changes over the period of examination. There was no
evidence for the pozzolanic reaction between quartz and CH to occur within the experimented time
span of 48 h .The researchers explained results of the values for the mean volume weighted
crystallite sizes which is 75 + 2 nm for the clinoptilolite phase in the zeolitite and 410 £3 nm for
quartz as the main component of the quartzite. This effect of crystallinity on the cement hydration
was also encountered in a previous study when comparing a well-crystallised chabazite and a typical
clinoptilolite tuff of lower clinoptilolite crystallinity Snellings et al., 2013.

Porcelanite is one of the important industrial sedimentary rocks in Iraq .it has gone under more than
20 different names, where many are commercial trademarks (e.g. diatomite, diatomaceous earth,
kieslelguhr, cellite, filtac .etc), AL-Jabboory, 1999.

In 1986, the state company of Geological Survey and Mining discovered Porcelanite rocks in
wadi Mallusa in the Iraqi western desert, between Reba, Traibeel and Akashat,.Preliminary studies
were made to find its mineral and chemical properties, as well as estimating the reserve of these
rocks. Porcelinite rocks are sedimentary deposits associated with clay stone, white to creamy in color
and highly cracking.

Al Kassab, 2006, studied the requirements of durability for very severe sulfate attack of ACI 318 —
2005 were tested on local materials. Two sulfate resisting cements having low C3S (49.4 and 47.5)
%, were used with (0, 5, 10 and 15) % porcelinite (natural pozzolana) as addition. Addition of
porcelinite to cement increases the 28 days compressive strength of concrete also increases its
resistance to sulfate attack at that age. At later ages the compressive strength and sulfate resistance of
concrete are the same for both plain cement and cement blended with porcelinite when low C3S in
cement is used (not more than 50%).

3. EXPERIMENTAL PROGRAM

3.1 Materials
3.1.1 Cement

Iragi ordinary Portland cement manufactured by AL-Mass cement factory (Sulaimaniyah
governorate) was used in the investigations the chemical composition and physical properties of the
cement are shown in Tables 1 and 2. The results conformed to the Iraqgi specification No. 5/1984.

3.1.2 Fine aggregate

The fine aggregate used throughout this study is brought from AL- Ukhaider region. It re
sieved to conform the grading of fine aggregate. The grading and physical properties (specific
gravity, absorption, sulfate content and moisture content) are shown in Table 3. The used sand is
within zone 2 according to the requirements of the Iragi Standard Specification No. 45, 1984.



Number 3 Volume 22 March 2016 Journal of Engineering

3.1.3 Coarse aggregate

Crushed gravel of 14 mm nominal size from AL-Soodor district was used. Table 4 shows the
physical properties of coarse aggregate and the grading of coarse aggregate which conforms to the
limits of the Iraqi specification No. 45/1984.

3.1.4 Water
Tap water was used for mixing and curing of samples.

3.1.5 High range water reducing admixture

Hyperplast PC260 is a high performance super plasticizing type A (Formerly known as
Flocrete PC260) admixture based on polycarboxylic polymers with long chains specially designed to
enable the water content of the concrete to perform more effectively. Table 5 shows the technical
properties of Hyperplastic PC260

3.2 Raw Material and Grinding Process

The raw material of limestone, quartzite and porcelinite contains rocks being grinded in the
Building Research Center/Ministry of construction and, it was crushed, stormed then transformed
into a powder finer or equal to fineness of cement for the purpose of getting the most of their
effectiveness

3.2.1 Limestone powder
A fine Limestone powder of Iragi origin (Sulaimaniyah governorate with specific gravity of 2.6
was used. Table 6 shows the chemical analysis for limestone powder.

3.2.2 Quartzite powder

A fine quartzite powder of Iragi origin (Al-Anbar governorate) with specific gravity of 2.61
was used. Table 7 shows the chemical analysis for quartzite powder and it’s confirmed to the
requirement in, ASTM 618, 2012.

3.2.3 Porcelinite powder

A fine porcelinite powder was brought from Akashat district (Al-Anbar governorate) with
specific gravity 1.5. Table 8 shows the chemical analysis for porcelinite powder and it’s confirmed
to the requirement in, ASTM 618, 2012.

3.3 Mortor Mixes and Strength Activity Index of Quartzite and Porcelinite

Mixing of mortar was carried out by a small laboratory mortar mixture according to
ASTMC109/C109 M, 2002, Tables 14, 15 and 16 show the result of mortor mixes for CL, CQ and
CP. Control and test mixtures were prepared for strength activity index. The cement or cementations
materials (C+ (Q, P) to fine aggregate ratio is 1: 2.75mix proportions according to ASTM C109,
2002. The strength activity index is 84% and 96 % for CQ and CP respectively and CL is equal to 75
% according to ASTM C311, 2002.

3.4 Concrete Mixes
In this investigation, the reference concrete mixture was designed to give 28 days as

characteristic compressive strength of 35 MPa, according to ACI 211.1,1991. The proportion of mix
was 1:1.6: 2.0 by weight of cement, sand, coarse aggregate respectively. Cement content was 451
kg/m3 and the water to cement ratio was 0.47 to give slump of 100 £ 25 mm. The details of the mixes



Number 3 Volume 22 March 2016 Journal of Engineering

used throughout this investigation are given in Table 9. The slump test method was carried out by
ASTM C143, 2005.

3.5 Mixing of Concrete

Mixing process of concrete was performed according to ASTM C192, 2006 .Using pan mixes
and drill, in case of blended cement. At beginning, the cement was mixed with limestone, quartzite
or porcelinite until the blended cement was homogenous. The interior surface of mixer was cleaned
and moistened before placing the materials. For the concrete, the dry constituents were placed in the
pan mixer; cement was placed with sand and mixed and then gravel was added. The dry materials
were firstly mixed together to attain a uniform mix and then the required quantity of SP and tap
water were added. The whole mix ingredients were mixed for a period until homogenous concrete
was obtained, and then slump tests were measured immediately after mixing. The slump test was
done and followed by the casting of concrete in the molds.

3.6 Testing of Hardened Concrete
3-6-1 Compressive strength test
The compressive strength test was made according to B.S.1881: part 116 using 100 mm cubes.

The compressive strength  cubes were tested using a standard testing machine with capacity of
200000 LBS (909kN).

3.6.2 Splitting tensile strength test

The splitting tensile strength test was carried out in accordance with ASTM C496, 2007.
100x200 mm cylindrical concrete specimens and tests were performed using testing machine at a rate
of 1.1 MPa per minute. The average of three cylinders was taken at each test.

3.6.3 Flexural strength test

This test was carried out on (100x100x400) mm prism specimens in accordance with ASTM
C293, 2006 using (TINIUS OLESN) testing machine with capacity of 650 kN ,

3.6.4 Dry density
This test was performed according to ASTM C642, 2003 on average of two cubic and the dry
density was calculated for ages 7, 28 and 90 days.

4. RESULTS AND DISCUSSION

4.1 The Influence of Manufactured Blended Cement on Chemical Composition

Tables 10, 11 and 12 show the chemical analysis for Portland —limestone cement (type IL),
Portland-quartzite cement (type IP) and Portland-porcelinite cement (type IP) respectively with
replacement proportion (10 and 20) % for each powder. The (L.O.I), SO3 content as presented are
specified with limits for the specification requirements in ASTM C595, 2012 for each type of
cement.

4.2 The Influence of Manufactured Blended Cement on Physical Properties of Concrete

From an examination of the obtained test results shown in Tables 14, 15 and 16, they seem
that the standard consistency , compressive strength of Mortor , initial and final time are specified to
the requirements in ASTM C595 , 2012.



Number 3 Volume 22 March 2016 Journal of Engineering

4.3 The Influence Limestone Powder (LP), Quartzite Powder (QP) and Porcelinite Powder)
(PP) Replacement on the Physical Properties of Concrete.
4.3.1 Compressive strength

Table 16 and Fig. 1 show the variation of compressive strength with different replacement of
LP, it can be seen that 10% (ML10-1) of compensation increases the compressive strength by (20, 11
and 5) % at (7, 28 and 90) days respectively and 20% (ML20-1) of compensation resulted in (-3, -5
and 11)% at (7, 28 and 90) days respectively compared with M ref -1 ; several combined effects may
be called upon to explain strength maintenance. In the presence of filler, the solid skeleton may be
strengthened to a more homogeneous distribution of smaller C—S—H crystals, finer pore structure,
accelerated cement hydration ,Mossberg and et al., 2003, Moreover, the bond between cement
paste and sand particles may strengthen the reduction of the wall effect provided by the fine particles
filling ,Lawrence, 2003.

Table 17 and Fig. 2 also show the variation of compressive strength with different
replacement of QP; it can be seen that a 10 % compensating(MQ10-1) increases the compressive
strength by (2, 12, and 13)% at (7, 28 and, 90) days respectively compared with the reference
mix while 20 % compensating(MQ20-1) shows a decreasing (-6,-4, and -6 )% at (7,28 and 90)
days respectively compared to reference mix concrete . Several combined effects may be called upon
to explain strength maintenance. In the presence of quartzite powder ,the silicate ions may react with
lime produced from the cement hydration to produce additional calcium silicate hydration
products(C-S-H).Such increase in compressive strength of QPC is mainly due to presence of
high silica and the pozzolanic reaction of QP the presence of high amount of QP (20 % in this
study) leads to low value in compressive strength which may be because the cement paste is not able
to coat all fine and coarse particles ,s0 a drop in the reactive cement component results in significant
physical modifications of the material.

Table 18 and Fig.3 show the variation of compressive strength with different replacement of
porcelinite powder (PP); it can be seen the compressive strength is increased by (17, 15, and 18) % at
(7, 28, 90) days, respectively, and (6, 4 and, 5.5) %, at (7, 28 and 90) days respectively for (10 and
20) % compensation compared with reference mix concrete; several combined effects may be called
upon to explain strength maintenance. The increase in compressive strength of concrete may be due
to the formation of the secondary C-S-H products from the reaction of the porcelinite with Ca (OH) ,
and filling the pores of cement paste, reducing the permeability of concrete and increasing the
compressive strength. Such increase in compressive strength of PPC is mainly due to presence
of high silica and the pozzolanic reaction of PP which depends on the activity of pozzolana ,
Matched and et al.,2007 .

4.3.2 Splitting tensile strength

Table 16 and Fig. 4 show that the splitting tensile strength at ML10-1 (10) % replacement is
found to be (30, 16.5 and 8.7) % at (7, 28 and, 90) days respectively and at ML20-1(20) %
replacement is found to be (1, -3 and -6) % at (7, 28 and 90) days respectively compared to reference
mix concrete.

Table 17 and Fig. 5 show the splitting tensile strength ; the results percentage is (7.7, 18.5
and, 7)% at (7,28, 90 ) days respectively for 10% QP as replacement of cement and (-1.3, -3.3 and
-4.3 )% at (7,28 and 90 ) days respectively for (20 )% QP as replacement of cement relative to the
reference M ref-1. The increase mainly may be due to the pozzolanic reaction of the QP with
calcium hydroxide liberated during the hydration of cement. This reaction contributes to the
densification of the concrete  matrix, thereby strengthening the transition zone and reducing the
micro cracking leading to a significant increase in tensile strength, Naik, 2003.
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Average values of three samples for splitting tensile strength are explained in Table 18 and
Fig. 6 show the splitting tensile strength , the results percentage is (13.2, 11.52 and 9.7)% at
(7,28 and 90 ) days, respectively and (0.19, 3.32 and 3.71)% at (7,28 and 90 ) days, respectively for
(10 and 20 )% replacement respectively relative to the reference M ref-1.This increase is mainly
due to the pozzolanic reaction of the PP with calcium hydroxide liberated during the hydration of
cement. This reaction contributes to the densification of the concrete matrix, thereby strengthening
the transition zone and reducing the micro cracking leading to a significant increase in tensile
strength, Naik, 2003.

4.3.3 Flexural tensile strength

Average values of three samples for flexural tensile strength are explained in Table 16 and
Fig. 7 show the Flexural tensile strength for 10% replacement of LP, it is (14.4 ,5.0 and 4.2 )% at
(7,28 and 90 ) days respectively, while the result percentage of 20% replacement of LP is (2.3,-4.3,
and -4.2) % at (7,28 and,90 ) days respectively. 10 % replacement is the best result and that result
agrees with compressive strength behavior.

Table 17 and Fig. 8 show the Flexural tensile strength for 10% replacement (MQ10-1) is
(5.2,5.7 and,7.7) % for (7,28 and 90 ) days respectively, while 20% replacement (MQ20-1) is (-1,-2
and,-4) % for (7,28 and 90 ) days, respectively.

Table 18 and Fig. 9 show the Flexural tensile strength; the results percentage is
(3.81,4.63,5.51)% at (7,28 and,90 ) days, respectively, and ( 2.8,3.6 and 1.9)% at (7,28 and 90 ) days
respectively for (10 and 20 )%replacement respectively.

4.3.4 Dry density

Concrete is a porous material with discrete and interconnected pores of different sizes and
shapes; the use of cement replacement materials result in pore size refinement.

Average values of three samples for dry density are explained in Fig. 10 shows the dry
density increase with an increase of LP replacement; the result percentage is (0.83 and, 1) % at (28)
days for (10 and 20) % replacement respectively. This is interpreted as filler powder first filling
voids around sand grains, up to the optimum, Mehta 1983, Bédérina, and et al., 2005. For higher
filler amounts of 20% replacement of LP, those voids may be completely filled, Filler powder
occupies the place of sand grains and hence it diminishes sand proportion, and consequently the mix
density, Heikal and et al., 2005.

Fig. 11 shows the dry density decrease with increase of replacement of QP; the result
percentage is (0.5 and, -0.4) % at (28) days for (10 and 20) % replacement, respectively.

Fig. 12 shows the dry density decrease with increase of replacement of PP. The results
percentage is (0.86 and 0.5) % at (28) days for (10 and 20) % replacement of PP respectively, this is
interpreted as PP as light weight and porous material.

5. CONCLOSIONS

The following conclusions can be drawn based on the results of each test:-

1- The manufacture of blended cement using (10 and 20) % replacement of different grinded
rocks (limestone, quartzite and porcelinite) confirmed the physical and chemical requirement
of the specification in ASTM C595-12.

2- The concrete mixes produced from blended cement (Portland-limestone cement) and
(Portland-quartzite cement) showed enhancement in the workability properties while blended
cement (Portland-porcelinite cement) diminished the workability properties.
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The mechanical properties using Portland —limestone cement (10and 20) % replacement of
cement compared to reference mix for compressive strength with percentage increases is (20,
11 and 5) % at (7, 28 and, 90) days respectively for 10% replacement and decreases
percentage is (-3, -5 and -11) % at (7, 28 and, 90) days respectively for 20% replacement.

The mechanical properties using Portland —quartzite cement (10and 20) % replacement of
cement were compared to reference mix for compressive strength with percentage increase is
(2, 12 and 13) % for (7, 28 and, 90) days respectively for 10% replacement and percentage
decrease is (-5.9,-4 and, -5.4) % at (7, 28 and 90) days respectively for 20% replacement.

The mechanical properties using Portland —porcelinite cement (10 and 20) % replacement of
cement were compared to reference mix for compressive strength with percentage increase is
(17.6, 15 and 16.3) % at (7, 28 and 90) days respectively for (10%) replacement and (6, 4 and
6) % at (7, 28 and, 90) days respectively for (20%) replacement.
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Table 1. Chemical composition of cement.

. - . Percentage Limit (.)f Iraqi
Oxide composition Abbreviation by weight specification
No. 5/1984

Lime CaO 61 -

Silica SiO, 19.84 -

Alumina Al,O3 5.08 -

Iron Oxide Fe,O3 4.8 -

Sulphate SO; 2.49 <2.8 % if C3A > 5%
Potash K.0 0.1
Soda Na,O 0.3
Equivalent Na, O Na,0+0.658K,0 0.36 <0.6%
Magnesia MgO 2.48 <5.0%
Loss on ignition L.O.1. 3.8 <4.0%
Insoluble residue I.R. 0.40 <1.5%
Main Compounds ( Bogue's equations )

Tri calcium Silicate CsS 49.45 -

Di calcium Silicate C2S 19.57 -

Tri calcium Aluminate CsA 5.34 -

Tetra calcium Aluminate — C.AF 14.61 }

Ferrite

*chemical tests of cement were made at environmental Laboratory in University of Baghdad
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Table 2. Physical properties of cements.

Limits of lraqi
: : Test results e
Physical properties specification
No. 5/1984
Specific surface area >~ 930
( Blaine method ) (m2/ kg) 300* -
Soundness by Autoclave 0.02*
Method (%) ' Not more than 0.8
Setting time (Vicat's method) .
Initial setting (hrs. : min) 1:40 ?11?) E}m
Final setting (hrs. : min) 4: 40 - >
Compressive strength (MPa)
3 days 21 > 15
7 days 27 > 23

* Tests of cement were made at research building center /Ministry of Constructions and Housing

Other tests are carrying out in material Lab. /Civ. Eng. Dep. /University of Baghdad

Table 3. Physicals properties and sulfate content of fine aggregate.

% passing by | Iraqi specifications
Sieve size (mm) weight No0.45/1984
(Zone 2)
10 100 100
4.75 94 90-100
2.36 80 75-100
1.18 60 55-90
0.6 44 35-59
0.3 18 8-30
0.15 4 0-10
Material fine than 0.075 26 Max. 5
mm
Fineness modulus = 3.0
Sulfate content (%)* 0.11 Max. 0.5
Specific gravity 2.65 -
Absorption (%) 1.01 -
Moisture Content (%) 6.1 -

* The test was carried out in Building Research Center/ ministry of construction and Housing

Other of tests were carried out in material Lab. /Civ. Eng. Dep. /University of Baghdad
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Table 4. Physical properties and sulfate content of coarse aggregate.

Iraqi specification
Sieve size (mm) % passing by weight I\ég._fj)/#gr?
20 100 100
14 91 90-100
10 72 50-85
5 9 0-10
Sulfate content % *0.01 Max. 0.1
Specific gravity 2.64 -
Absorption % 1 -
Moisture Content % 1.6 -

* The test was carried out in Building Research Center/ ministry of construction and Housing
Other of tests were carried out in material Lab. /Civ. Eng. Dep. /University of Baghdad

Table 5. Typical properties of hyperplast PC260 .

Technical properties @ 250C

Color: Light yellow liquid
Freezing point: = -1°C
Specific gravity: 1.1+ 0.02

Air entrainment:

Typically less than 2%

additional air is entrained
above control mix at normal

Table 6. Chemical composition for limestone powder*.

Oxide % Content

Loss on ignition L.O.l 42.52
Silicon oxides SiO, 2.38
Aluminum oxides Al,O3 0.55
Ferric oxides Fe,O3 0.22
Calcium oxides CaO 51.67
Magnesium oxides MgO 2.09
Sulphur trioxides SO; 0.35

* The test was done in laboratories of state company of Geological Survey.
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Table 7. Chemical composition for quartzite powder™.

Oxide % Content ASTM C 618-12
Loss on ignition L.O.I 0.55 Max.10 %
Silicon oxides Sio, 98.11 _
Aluminum oxides Al,O3 0.23 SFumc-) SIOtzT Aliﬁff
- - e,03 not less than
Ferric oxides Fe,O; 0.3 70%
Calcium oxides CaO 0.66 /
Magnesium oxides MgO '—eisntrt‘an /
Sulphur trioxides SO; 0.02 Not more than 4%

*The test was done in state company of Geological Survey laboratories.

Table 8. Chemical composition for porcelinite powder*.

Oxide % Content ASTM C 618-12
Loss on Ignition L.O.1 10 Max.10 %
Silicon oxides SiO; 67.1 S SO+ ALO
- - um. S10,+ Al,O3+
Alumlr\um 9X|des Al,O3 418 Fe,Os not less than 70%
Ferric oxides Fe,03 1.24
Calcium oxides CaO 11.51 /
Magnesium oxides MgO 3.39 /
Sulphur trioxides SO3 0.03 Not more than 4%

*The test was done in state company of Geological Survey laboratories.

Table 9. Details of the mixes used throughout this investigation.

- e 5 [H] .
n [} @ © b= fe) “— e
£ . |8 1T |3 |? _|® |k :
£ ~ |l 2T || || B S 3
u" g e | 29 E |w E| S E |5 E|E Q& ©
5 WEloElaz|l23<3 |23 |02
E = 2|s8ls2 |82 |g2|T |2 |23
E O 2 7| g g | g e S
& £ & S S 3
M ref 451 / / / 943 | 738 | 119 | 05
ML10 | 4059 | 45.1 / / 943 | 738 | 119 | 05
ML20 | 360.8 | 90.2 / / 943 | 738 | 119 | 053
MQ10 | 4059 | / 45.1 / 943 | 738 | 119 | 05
MQ20 | 3608 | / 90.2 / 943 | 738 | 119 | 055
MP10 | 4059 | / / 451 | 943 | 738 | 119 | 0.79
MP20 360.8 / / 90.2 943 738 119 | 0.97
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Table 10. Chemical analysis of Portland-limestone cement.

**L Limestone ASTM C595-
Requirements | *C (Cement) *ML10 | *ML20
Powder 12 Type IL

CaO % 61 51.67 60.4 59.1 /

SiO; % 19.84 2.38 18.16 17.9 /
Al,03 % 5.08 0.55 4.66 4.2 /
Fe,O3 % 4.8 0.22 4.24 3.84 /

MgO % 2.48 2.09 2.45 2.39 /

SO3 % 2.49 0.35 2.3 2.0 Max. 3
L.O.1 % 3.8 42.52 7.4 8.7 Max. 10

*chemical tests of cement were done at enviromentinal Laboratory in University of Baghdad

**The test was done in state Company of Geological Survey Laboratories.

Table 11. Chemical analysis of Portland-quartzite cement.

Requirements | *C ( Cement) “Q Quartzite *MQ10 | *MQ20 ASTM C9-12
powder Type IP
CaO % 61 0.66 57.06 52.11 /
SiO, % 19.84 98.11 25.7 33.2 /
Al,O3 % 5.08 0.23 4.7 4.27 /
Fe,03 % 4.8 0.3 4.16 3.42 /
MgO % 2.48 0.02 2.33 2.1 Max. 6
SOz % 2.49 0.02 2.19 1.9 Max. 4
L.O.1 % 3.8 0.55 3.4 2.67 Max. 5

*Chemical tests of cement were done at enviromentinal Laboratory in University of Baghdad
**The test was done in state  Company of Geological Survey Laboratories

Table 12. Chemical analysis of Portland -porcelinite cement.

Requirements | *C (Cement) **P Porcelinite *MP10 | *MP20 ASTM C595-12
powder Type IP
Ca0 % 61 1151 56.8 53.18 /
SiO; % 19.84 67.1 25.1 28.2 /
Al,O3 % 5.08 4.18 5.01 4.9 /
Fe,03 % 4.8 1.24 4.5 4.2 /
MgO % 2.48 3.39 2.61 2.75 Max. 6
SO3; % 2.49 0.03 1.9 1.7 Max. 4
L.O.1 % 3.8 10 4 4.8 Max. 5

*chemical tests of cement were done at enviromentinal Laboratory in University of Baghdad
**The test was done in state  Company of Geological Survey Laboratories
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Table 13. Physical properties of blended cement (Portland-limestone cement)*.

Requirements

C (Cement)

CL10

CL20

ASTM C595-12

Type IL
Consistency % 28 27 26 -
Initial setting time (min.) 125 115 100 Min 45 mints
Final setting time (hrs.) 4:30 5:09 5:30 Max 7 hrs.
*Fineness (cm“/g.) 3000 3100 | 3200 -
Comp. at 3 days (MPa) 25 18 17 13
Comp. at 7days 30.9 22 20 20
(MPa)
Comp. at28 days 35 30 28 25
(MPa)

*the tests were done at research buildings center /Ministry of housing
**Physical tests of cement were done at material Laboratory in University of Baghdad

Table 14. Physical properties of blended cement (Portland-quartzite cement).

ASTM C595-12

Requirements C (Cement) | CQ10 | CQ20
type IP
Consistency % 28 27 26 /
Initial setting time (min.) 125 162 170 Min 45 mints
Final setting time (hrs.) 4:30 5:19 5:30 Max 7 hrs.
*Fineness (cm?/g.) 3000 2950 | 2900 /
Comp. at 3 days (MPa) 25 18 17 Min 13
Comp. at 7days .
(MPa) 30.9 25 23 Min 20
Comp. at28 days .
(MPa) 35 31 29 Min 25

*the tests were made at research buildings center /Ministry of housing
Other tests of cement were done at material Laboratory in University of Baghdad

Table 15. Physical properties of blended cement (Portland-porcelinite cement).

ASTM C595-12

Requirements C (Cement) | CP10 | CP20
type IP
Consistency % 28 34 41 /
Initial setting time (min.) 125 170 190 Min 45 mints
Final setting time (hrs.) 4:30 5:20 5:45 Max 7 hrs.
*Fineness (cm“/g.) 3000 3370 | 3510 /
Comp. at 3 days (MPa) 25 24 22 Min 13
Comp. at 7days .
(MPa) 30.9 29 27 Min 20
Comp. at28 days .
(MPa) 35 34 32 Min 25

*the tests were done at research buildings center /Ministry of Housing
Other tests of cement were done at material Laboratory in University of Baghdad
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Table 16. Mechanical properties of concrete (Portland-limestone cement.)

Symbol of mix

Compressive strength (MPa)

7-days 28-days 90-days
M ref. 34 45 55
ML10-1 41 50 58
M20-1 33 43 49
Splitting strength (MPa)
Symbol of mix 7-days 28-days 90-days
M ref. 2.33 3.0 3.5
ML10-1 3.04 3.5 3.74
M20-1 2.35 2.91 3.3
. Flexural strength (MPa)
Symbol of mix 7-days 28-days 90-days
M ref. 3.81 4.39 4.7
ML10-1 4.36 4.61 4.9
M20-1 3.9 4.2 4.5
Dry density(gm./cm®)
Symbol of mix 28-days
M ref. 2.431
ML10-1 2.451
M20-1 2.464

Table 17. Mechanical properties of concrete (Portland-quartzite cement).

Symbol of mix

Compressive strength (MPa)

7-days 28-days 90-days
M ref. 34 45 55
MQ10-1 35 48 62
MQ20-1 32 41 52
Splitting strength (MPa)
Symbol of mix 7-days 28-days 90-days
M ref. 2.33 3.0 3.5
MQ10-1 2.51 3.56 3.77
MQ20-1 2.3 2.9 3.35

Symbol of mix

Flexural strength (MPa)

7-days 28-days 90-days
M ref. 3.81 4.39 4.7
MQ10-1 4,01 4.64 5.06
MQ20-1 3.77 4.29 452

Symbol of mix

Dry density(gm./cm?)

28-days
M ref. 2.431
MQ10-1 2.443
MQ20-1 2.421
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Table 18. Mechanical properties of concrete (Portland-porcelinite cement).

Symbol of mix

Compressive strength (MPa)

7-days 28-days 90-days
M ref. 34 45 55
MP10-1 40 52 64
MP20-1 36 47 58
Splitting strength (MPa)
Symbol of mix 7-days 28-days 90-days
M ref. 2.33 3.0 35
MP10-1 2.65 3.35 3.84
MP20-1 2.34 3.1 3.63
_ Flexural strength (MPa)
Symbol of mix 7-days 28-days 90-days
M ref. 3.81 4.39 4.7
MP10-1 4.32 4.63 5.1
MP20-1 4.04 4.53 4.8
Symbol of mix Dry density(gm./cm3)
28-days
M ref. 2.431
MP10-1 2.452
MP20-1 2.443
NOMENCLATURE
Notation Description

Blended cement with replacement 10% of

CL10 :

limestone powder

Blended cement with replacement 20% of
CL20 :

limestone powder

Blended cement with replacement 10% of
CQ10 :

quartzite powder

Blended cement with replacement 20% of
CQ20 ;

quartzite powder

Blended cement with replacement 10% of
CP10 S

porcelinite powder
CP20 Blended cement with replacement 20% of

porcelinite powder
LP Limestone powder
QP Quartzite powder

PP Porcelinite powder

PLC Portland-limestone cement
PQC Portland-quartzite cement
PPC Portland-porcelinite cement
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Figure 1. Compressive strength of concrete using Portland-limestone cement.
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Figure 2. Compressive strength of concrete (Portland-quartzite cement).
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Figure 3. Compressive strength of concrete Portland-porcelinite cement.
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Figure 7. Flexural tensile strength of concrete (Portland-limestone cement.)
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Figure 8. Flexural tensile strength of concrete Portland-quartzite cement.
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Figure 9. Flexural tensile strength of concrete Portland-porcelinite cement.
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Figure 10. Dry density of concrete Using Portland-limestone cement.
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Figure 11. Dry density of concrete Portland-quartzite cement.
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The Catalytic Activity of Modified Zeolite Lanthanum on the Catalytic
Cracking of Al-Duara Atmospheric Distillation Residue.

Lecturer Karim Khalifa Esgair
Department of Chemical Industries
Al-Technology Institute.
Middle Technical University
E-mail: karimkhalifa70@yahoo.com.

ABSTRACT

Atmospheric residue fluid catalytic cracking was selected as a probe reaction to test the
catalytic performance of modified NaY zeolites and prepared NaY zeolites. Modified NaY
zeolites have been synthesized by simple ion exchange methods. Three samples of modified
zeolite Y have been obtained by replacing the sodium ions in the original sample with
lanthanum and the weight percent added are 0.28, 0.53, and 1.02 respectively. The effects of
addition of lanthanum to zeolite Y in different weight percent on the cracking catalysts were
investigated using an experimental laboratory plant scale of fluidized bed reactor.

The experiments have been performed with weight hourly space velocity (WHSV) range of 6
to 24 h™, and the range of temperature from 450 to 510 °C.

The activity of the catalyst with 1.02 wt% lanthanum has been shown to be much greater than
that of the sample parent NaY. Also it was observed that the addition of the lanthanum causes
an increase in the thermal stability of the zeolite.

Key words: lanthanum exchange NaY, rare earth elements, atmospheric residue fluid
catalytic cracking,
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1. INTRODUCTION

During the atmospheric distillation of crude oil, as employed on a large scale in the
refineries for the production of light hydrocarbon oil distillates, a residual oil is obtained as a
byproduct. Jakob and Peter, 1977. In the atmospheric distillation of crude oil about half of
the crude oil is left behind as distillation residue, it will be clear that there is a pressing need
for a process which offers the possibility of converting in an economemically justifiable way
hydrocarbon oil residue obtained by atmospheric distillation into light , i.e., low boiling
hydrocarbon oil distillate such as gasoline , Pappal, et al.,2003 . Heavy crude oil and residue
have many similarities in composition such as low H/C ratio (1.2-1.4), high metals and sulfur
contents. Hence, one of the most important parameters is to convert residue into lighter
products by increasing the H/C ratio, Bartholomew, et al., 1994.

The demand for high value petroleum products such as middle distillate, gasoline and
lube oil is increasing, while the demand for low value products such as fuel oil and residua
based products is decreasing. Therefore, maximizing of liquid products yield from various
processes and valorization residues is of immediate attention to refiners. At the same time,
environmental concerns have increased, resulting in more rigorous specifications for
petroleum products, including fuel oils. These trends have emphasized the importance of
processes that convert the heavier oil fractions into lighter and more valuable clean products,
Gray,1994.

Fluid catalytic cracking (FCC) is one of the most important processes in the oil
refinery industry. It converts, or cracks, low value heavy ends of the crude oil into a variety
of higher-value, light products.The catalytic cracking operation is preferably carried out at a
temperature from 400 to 550 °C, a pressure 1 to 10 bar ,and weight hour space velocity
(WHSV) of from 3 to 200 h™ , Chen, and Ca0,2005 . This process produces not only
gasoline and diesel fuel but also raw material, such as light olefins for a number of
petrochemical processes , the later application is gaining increasing importance, Biswas,and
Maxwell,1990.

The FCC catalyst is a key point in the optimization of FCC unit. Basically , the FCC
catalysts could be divided into three main categories based on the refineries objective i)
maximization of voluble product ,ii) improving of gasoline quality and, iif)minimization of
residue, and in order to achieve those goals ,the FCC catalyst has two components ,the zeolite
and the matrix. Besides these catalyst it can also have other functional ingredients and or
/additives for specified function like enhancing gasoline octane , upgrading the conversion of
residue feedstock ,enhancing the resistance to metallic poisons ,promoting the CO
combustion ,reduction the NOx and SOx emission , among there, Costa et al.,2004.

In the past years rare earth exchanged zeolites have attracted much attention as a
stable solid acid catalyst because of their high thermal stability, Magee, et al.,2002 .
Modification of zeolites by ion exchange of exchangeable cations provides a useful means of
tailoring their properties to particular application. Thus, introduction of rare earth element, in
particular into zeolite Y has been an important means of enhancing the performance of
catalyst, for example, FCC catalyst and they are known to increase the activity of zeolites in a
variety of reactions due to increased acid strength. For example, LaNa-Y plays an important
role in the preparation of catalysts for FCC, one of the most widely applied petroleum
refining processes that make use of zeolite as catalyst , Bejoy, et al.,2006

Rare earth components, such as lanthanum and cerium, were used to replace sodium
in the crystal. The rare earth elements, being trivalent, simply form "bridges"” between two to
three acid sites in the zeolite framework. Bridging protects acid sites from being ejected and
stabilizes the zeolite structure. Rare earth exchange adds to the zeolite activity and thermal
and hydrothermal stability. Rare earth serves as a "bridge" to stabilize aluminum atoms in the
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zeolite structure. They prevent the aluminum atoms from separating from the zeolite lattice
when the catalyst is exposed to high temperature steam in the regenerator. the NaY zeolite
was mostly ion exchanged with rare earth components. Rare earth components, such as
lanthanum and cerium, were used to replace sodium in the crystal. The rare earth elements,
being trivalent, simply form "bridges" between two to three acid sites in the zeolite
framework. Bridging protects acid sites from being ejected and stabilizes the zeolite
structure, Sadeghbeigi, 2000.

The modification of faujasite Y zcolites to improve catalyst selectivity and stability
has become an integral part of the catalyst manufacturing process. The modification
procedure can be accomplished in several ways. Exchanging the native sodium ions for rare-
earth ions and protons was shown to increase the hydrothermal stability of the zeolite along
with increasing its activity in catalytic cracking. In addition, hydrothermal stability can also
be improved by lowering the aluminum content of the zeolite framework, a process called
dealumination, Nery,et al.,1997.

The aim of present study is to modify the zeolite Na Y prepared from Iragi kaolin
with various weight percents lanthanum exchange. Also the activity of the resulting catalyst
were evaluated by using experimental laboratory plant scale fluidized bed reactor by using
atmospheric distillation residue as a feed , and the influence of the addition of lanthanum on
the thermal stability of the NaY was investigated.

2. EXPERIMENTAL

2.1 Feedstock

Atmospheric residue with boiling range 278°C to 450°C was supplied from
atmospheric distillation unit of Al-Duara refinery as a raw material for the catalytic
performance of the zeolites synthesized, and its detailed properties are listed in Table 1.

2.2 Catalyst

Parent NaY zeolite were prepared from Iragi kaolin as follows: kaolin was fused by
the addition of sodium hydroxide (kaolin/NaOH=1/1.5 by wt.) at 850°C for three hours. A
typical procedure performed as follows. Ten grams of fused kaolin powder and 12.67 grams
of sodium silicate were dispersed in 150 ml of deionized water under constant stirring for 1
hour. The resultant slurry which has pH 13.6 was subjected to aging at 50 °C for 24 hr in a
programmable electrical furnace, then the gel slurry was subjected to hydrothermal
crystallization at 100 °C for 48 hr in the same furnace.
Crystallization was carried out at about 100°C. Subsequently the resultant precipitate was
separated from the mother liquor by filtration. The crystalline mass is then washed with
deionized water until a pH 11.5 and dried at 100°C for 16 hours. The dried powder was
activated by calcination in a programmable electrical furnace at 500 °C for 1hr.

2.3 Modified Zeolite Procedure.

Lanthanum exchanged was obtained by contacting Na-Y with 0.5M lanthanum nitrate
solution ( 0.025 moles of lanthanum nitrate / g of zeolite ) at 80 °C for 24 hours ,then filtrate,
and washed to obtained 0.28wt% La Na-Y . This exchange cycle was repeated two times
with fresh lanthanum nitrate to obtained 0.53wt% La.Na-Y. Na-Y was contacted with fresh
0.5M lanthanum nitrate solution four times to obtained 1.02wt% La Na-Y. All samples were
calcined after each exchange at temperature 150 to 500 °C with heating rate 12 °C /minute
and at 500 °C for 5 hours. The degree of Lanthanum exchange in the zeolite was determined
by the analysis of each zeolite sample to determine the sodium weight percent in the starting

38



Number 3 Volume 22 March 2016 Journal of Engineering

and those remaining after the Lanthanum exchange. The sodium weight percent loss
converted to equivalent lanthanum.

2.4 Apparatus

Cracking experiments were carried out in the experimental laboratory plant scale of
fluidized bed reactor system, shown in Fig 1. This unit was found in the laboratories of
Chemical Engineering Department, Baghdad University, It is comprised of five sections:
atmospheric residue and water input mechanisms, reaction zone, temperature control system,
products separation, and collection system.

A specified flow rate of water was pumped into pre-heater; the water was converted
to steam by heating system. Steam was used to remove the air from reactor. After that
atmospheric residuewas pumped and heated in a pre-heater, and then entered into the reactor,
where catalytic cracking reactions took place. The reaction products were cooled and
separated into liquid products and gas product. Cracking liquid product was transferd to
distillation unit for separation catalytic cracking gasoline from heavy stock. A sample of
gaseous product was collected in a gas bag and then analyzed by gas chromatography to
determine the chemical composition of the gaseous product. A sample of catalytic cracking
gasoline was analyzed by gas chromatography to determine the composition of catalytic
cracking gasoline.

Coke content on catalysts was measured by as follws method below. A sample of
catalyst from reactor was weighed and dried by electrical programmable furnace at 100 °C for
16 hr. The dry sample was weighed and returned to electrical programmable furnace to
restore catalyst activity by burning off coke deposition on spent catalyst at 650 °C for one
hour. The calcined sample after burring coke was weighed. The differences between weight 1
and weight 2 represents moisture and difference between weight 2 and weight 3 represents
delta coke. Delta coke is defined as the difference between coke on the spent catalyst after
stripping and on the regenerated catalyst. The activity of the catalyst in catalytic cracking was
determined by conversion which is defined as the weight percent (wt% )of the feed that is
converted into coke, gas and gasoline. The gasoline fraction is that part of the product with a
boiling point range between ambient temperature and 220 °C.

2.5 Operating Conditions

The cracking experiments of atmospheric residue were carried out over parent NaY
zeolite and modified zeolite catalysts sampled in the experimental laboratory plant scale of
fluidized bed reactor system. Operating conditions were catalyst weight hourly space velocity
was 6, 12 ,18,and 24 h | reaction temperature was 450 ,470,490,and 510 °C. The effect of
regeneration number ( it refers to restoring catalyst activity after each complete reaction) on
the catalyst activity of the parent NaY zeolite and modified zeolite(1.02wt%) was carried out
at 510 °C, WHSV= 6h*, and atmospheric pressure.

2.6 Analytical Apparatus

The digital flame analyzer by flame photometer Gallen Kamp in The State Company
for Geological Survey and Mining was used to determine the sodium content the parent
catalyst and modified catalyst after lanthanum ion exchange.

The gas chromatograph Agilent Technologies 6890N equipped with flame ionization
detector (FID) was used to determine the composition of the gases produced from
experiment. The equation of state for ideal gases converts the volume data to mass.

The composition of cracked gasoline measured by using simulated distillation gas-
chromatography Agilent Technologies 6890N .
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Chemical analysis according UOP Method 172- 59 was used to measure the
concentration of the hydrogen sulfide.

Gas Chromatograph 373 GASUKURD KDGYO was used to determine the
concentration hydrogen gas in the gases mixture produced.
All above device was located in Al- Duara Refinery.

3. RESULT & DISCUSSION
3.1 The Effect of Lanthanum Exchange on the Atmospheric Residue Conversion.

The effect of lanthanum exchange and WHSV on the atmospheric residue conversion
were studied at different reaction temperatures.Fig. 2 and table 2 show the dependence of
conversion upon lanthanum weight percent loading and catalyst hour space velocity when
cracking was over zeolite catalysts containing different weight percent lanthanum.

At a given catalyst hour space velocity with constant temperature, the zeolite
catalysts containing more lanthanum weight percent loading show greater conversion of
atmospheric residue and gives more products (gasoline , gases, and coke) than parent Na-Y
zeolite, Fig .2 and Table 2.This means that the lanthanum indeed contribute to the
conversion, which may be explained as a follows :

The effect of sodium ions on the activity of Bronsted type of zeolites in acid reactions
has been recognized very early especially in the case of faujasite. It was proposed that these
residual cations have a poisoning effect on the acidity i.e., a particular Na * ion present within
the decationated zeolite has a neutralizing effect over a large number of the existing protons.
Low acid amount of Na-Y zeolite might reduce catalyst activity, which is the crucial step in
the formation of the desired product.

The total acid amount increased after introducing rare elements (RE) to zeolite
sample. There were two possible reasons for the result. Firstly, the hydrothermal stability had
been strengthened on account of the addition of the rare elements (RE) cation, which
coordinated with the oxygen atoms in the pore channel. Therefore, the dealumination of the
framework was restrained during the hydrothermal disposal. So the loss of acidic amounts
would reduce. Secondly, silicon hydroxyl and aluminum hydroxyl in the zeolite framework
were polarized by the polarization and induction of the RE cation. So the density of the
electron cloud in the zeolite framework increased, stronger acidity of the acidic center
appeared. And because of the existence of an empty f orbit RE**, the amount of Lewis acid
would also increase, Xiaoning, et al,2007. The zeolite activity comes from these acid sites,
Hayward and Winkler ,1990. From the above the increasing lanthanum exchanged
decreases Na * ion in the zeolites and gives more conversion of atmospheric distillation
residue.

3.2 The Effect of WHSV on the Atmospheric Residue Conversion.

At a constant temperature with a given lanthanum weight percent loading Fig. 3 and
table 2 shows that the atmospheric residue conversion increases with decreasing of WHSV.
This means that the conversion of reduced crude is a function of reaction time for all
catalysts, the increasing of the contact time of the feed molecules with the catalyst increases
the atmospheric residue conversion in direct proportion to the amount of the catalyst and
inversely proportional to the feed flow rate.
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3.3 The Effect of Temperature on the Atmospheric Residue Conversion.

At a given catalyst hour space velocity with constant lanthanum weight percent
loading Fig. 2 and table 2 show that the atmospheric residue conversion increases with
increasing the temperature. This may be attributed to the increase of temperature which
accelerates intermolecular motions, assists the transformations of the reactants into new
compounds and thus enhances the rate of chemical reaction. It is thermal activation which in
the present case acts in conjunction with catalytic activation as mentioned by Decroocq,
1984. The higher temperature provided advantages in terms of a better feed vaporization
which reduced coke formation by condensation reactions of poorly vaporized feed molecules.
Both the higher temperature and the resulting lower coke formation enhanced the diffusion of
feed molecules. .

3.4 The Effect of Lanthanum Exchange on the Gasoline Yield.

Fig. 4 and Table 2 show that the gasoline yields is a function of conversion for the
different catalysts when cracking atmospheric residue , when the catalysts contain more
lanthanum weight percent loading it gives a higher gasoline yield .Also increasing
temperatures and decreasing weight hours space velocity shows graterer gasoline yield
obtained . Table 3 shows chemical composition of cracked gasoline for parent NaY and 1.02
LaNa. This table shows that olefins and naphthenes decreases while paraffins and aromatics
increases for 1.02 LaNaY with respect to the parent NaY,due to the rare earth exchanged
zeolite that increases hydrogen transfer reactions, hydrogen transfer is a bimolecular reaction
in which one reactant is an olefin. Two examples are the reaction of two olefins and the
reaction of an olefin and a naphthene. In the reaction of two olefins, both olefins must be
adsorbed on active sites that are close together. One of these olefins becomes a paraffin and
the other becomes a cyclo-olefin as hydrogen is moved from one to the other. Cyclo-olefin is
now hydrogen transferred with another olefin to yield a paraffin and a cyclodi-olefin.
Cyclodi-olefin will then rearrange to form an aromatic. The chain ends because aromatics are
extremely stable. Hydrogen transfer of olefins converts them to paraffin’s and aromatics. In
the reaction of naphthenes with olefins, naphthenic compounds are hydrogen donors. They
can react with olefins to produce paraffin’s and aromatics Sadeghbeigi,2000.

On comparing between Figs. 2 and 4 for the catalyst 1.02 LaNaYat 6 WHSV the
reduced crude conversion increases with increasing of temperature at constant WHSV within
the limit of study, while, the gasoline yield increases with conversion, with a tendency to
reach a maximum (at 490 °C) and after that the gasoline yield remain approximately constant.
This is due to the fact that gasoline yield undergoes the secondary cracking(over cracking) to
gaseous products and coke.

From Table 2 the gases yields and coke yield, as a function of conversion when
cracking atmospheric residue for the different catalysts are shown. As seen, the total gases
and coke vyields depend on the lanthanum weight percent loading, temperatures and weight
hours space velocity. The composition of the gas phases, estimated at a conversion of 79.3
wt %( as a sample), is shown in Table 4.

3.5 The Effect of Lanthanum Exchange on the Thermal Stability.

Fig. 5 shows the relation between the conversion of atmospheric residue and the
number of regeneration for NaY and 1.02 LaNaY catalysts. From this figure the difference in
activity between NaY and 1.02 LaNaY for zero regeneration (fresh catalysts) was about
12wt%. For first regeneration about it was about 34wt%, while for second regeneration it was
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about 37wt%. This means that the catalyst 1.02 LaNaY decreases the activity less than the
catalyst NaY due to the fact that sodium ion decreases the hydrothermal stability of the
zeolite. It also reacts with the zeolite acid sites to reduce catalyst activity, Suchuchchai,
2004. In the regenerator, sodium is mobile. Sodium ions tend to neutralize the strongest acid
sites, Scherzer,1990. While RE are commonly regarded as insensitive to hydrothermal
processes. They have been used as immobile elements, Lottermoser ,1992.

To explain this positive effect of the RE elements on zeolites thermal stability, two
aspects may be considered: (i) cation valence, and (ii) formation of RE-O-RE bonds in
zeolite cavities. In fact, it is acknowledged that divalent cations have a more pronounced
stabilizing effect than monovalent cations, whereas zeolites exchanged with trivalent cations
tend to be the more stable ones . Moreover, the enhancement on thermal stability has also
been attributed to the existence of RE-O—RE bonds in the interior of sodalite cavities, which
form bridges with the zeolite tetrahedra, stabilizing the structure, Trigueiro,et al.,2002.

4. CONCLUSION
1- The Na-Y modified with La increased cracking activity. The overall conversions obtained
on the preparing cracking catalyst show an increasing the gasoline, gas ,and coke yields with
increasing lanthanum weight percent.
2-The secondary cracking of gasoline to gaseous products and coke occur at 6 WHSV and
490°C
3-Lanthanum exchanged zeolites exhibit far better stability towards reaction conditions and
on an average they lost almost 11.9 % of their initial activity in 1.02LaNaY whereas, NaY
lost 33.6% activity with same condition (6WHSV,510°C) for first regeneration and 22.3% to
1.02LaNaY, 50.2% to NaY respectively for second regeneration .
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Table 1: Properties of atmospheric residue.

Volume 22 March 2016

Density (20 °C ,gm/cm®) | 0.908
Molecular weight 486
Carbon residue(wt%) 4.67
ASTM distillation (°C)

IBP 278
10% 291
30% 352
50% 396
70% 417
90% 450

Table 3: A comparison between the
chemical compositions of cracked
gasoline at 6 WHSV and 490 °C.

Chemical NaY 1.02
Composition | ( Cs-220°C) | LaNaY

of  cracked (Cs-220°C)
gasoline(vol.

%)

Paraffins 194 27.8
Naphthenes | 5.7 3.2

Olefins 40.1 32.3
Aromatics 34.8 36.9
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Table 4: Chemical analysis of
gases at 6 WHSV and 510°C.

Gases Yield(wt%)from the
total product
Hydrogen 0.5375
Hydrogen sulfide 0.7485
Methane 2.4820
Ethane 2.8345
Ethylene 2.0677
Propane 4.3310
Propylene 3.4025
Iso Butane 2.5930
N. Butene 3.4835
N.Butane 3.2690
Iso Pentane 0.4813
N. Pentane 0.1695
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Table 2: Cracking experiments results of the atmospheric residue at different lanthanum weight
percent loading.

Catalyst Reaction WHSV(h Conversio | Gasoline(wt Gases(wt% | Coke(wt% | Heavy
type temperature D) n %) ) ) oil(wt%)
NaY 510 24 43.2 19.1 15.0 9.1 56.8
490 40.8 18.3 14.0 8.5 59.2
470 39.3 18.1 13 8.3 60.7
450 38.4 17.3 13.2 7.9 61.6
510 18 50.7 22.5 17.1 11.1 49.3
490 49.4 22.1 16.3 11 50.6
470 47.8 21.2 16.1 10.4 52.2
450 45.6 204 15..2 10 54.4
510 12 58.9 26.2 18.7 141 41.1
490 56.8 254 18.1 13.5 42.2
470 554 25.1 17.9 12.4 44.6
450 52.9 24.1 17.3 115 47.1
510 6 67.2 30.2 21 16 32,8
490 65.7 29.4 20.1 15.2 34.3
470 63.1 28.0 19.1 15 36.9
450 60.2 27.0 19 14.2 39.8
0.28La 510 24 47 21.9 15.1 10 53
NaY 490 44.2 21.1 14 9.1 55.8
470 42.7 20.0 13.3 8.4 57.3
450 40.3 19.0 13.1 8.2 59.7
510 18 54.1 25.2 16.9 13 45.9
490 52.8 24.8 16.5 12.5 47.2
470 51.1 23.9 16.2 11 48.9
450 48.6 23.2 15.3 11.1 51.4
510 12 61.9 28.2 19.9 13.8 38.1
490 60.1 27.3 19.1 13.7 39.9
470 57.8 26.1 18.5 13.2 42.2
450 56.2 25.3 17.9 13.0 43.8
510 6 71.1 31.9 23.1 16.1 28.9
490 68.9 30.8 223 15.8 311
470 67.2 30.0 21.9 15.3 32.8
450 64.5 20.8 20.7 14.0 355
0.53La 510 24 51.3 21.2 18.0 111 48.7
NaY 490 475 20.0 17.3 10.2 52.5
470 45.1 19.2 16.4 9.5 54.9
450 43.4 18.6 15.7 9.1 56.6
510 18 57.8 245 20.1 13.2 42.2
490 56.5 24.1 19.6 12.8 43.5
470 54.3 23.2 19.0 12.1 45.7
450 52.6 22.7 18.4 115 57.4
510 12 65.7 28.2 22.4 15.1 34.3
490 634 27.1 215 14.8 36.6
470 61.6 26.4 21.0 14.2 38.4
450 59.1 25.2 20.3 13.6 40.9
510 6 74.6 33.2 24.0 174 25.4
490 72.8 32.4 235 16.9 27.2
470 70.9 31.6 23.1 16.2 20.1
450 67.5 29.4 22.2 15.9 325
1.02La 510 24 55.8 26.1 18.4 11.3 44.2
NaY 490 52.2 24..2 17.1 10.9 47.8
470 50.6 23.7 16.5 10.4 49.4
450 48.6 22.8 16.1 9.7 51.4
510 18 62.8 29.3 20.4 13.1 37.2
490 60.5 28.2 20.0 12.3 39.5
470 58.7 27.4 19.5 11.8 41.3
450 57.1 27.0 18.8 11.3 42.9
510 12 70.4 323 23.0 15.1 29.6
490 67.6 31.2 22.4 14.0 32.4
470 65.9 30.3 219 13.7 34.1
450 63.0 28.8 21.1 13.1 37.7
510 6 79.3 34.1 26.4 18.8 20.7
490 77.6 34.2 25.6 17.9 22.4
470 74.8 335 24.1 17.3 25.2
450 72.5 32.1 23.2 16.2 27.5
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Figure 1. Schematic flow diagram of the fluidized catalytic cracking system:

(1) Burette atmospheric residue feeding; (2) Burette water feeding; (3) Valve; (4) Dosing
pump; (5) Three way valve; (6) Preheated section; (7)Distributor (8)Fluidized bed reactor
section; (9)Reactor separation section; (10) Catalyst charge inlet; (11) Double pipe heat
exchanger; (12) Control panel; (13) Internal tube ice water bath; (14) Separation and
collection flask; (15) Ice water bath ; (16) Gas collection ; (17) Water tank; (18) Chilled

water in; (19) Chilled water out.
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Figure2. Effect of lanthanum weight percent loading on the atmospheric
residue conversion at different temperatures and 6 WHSV.

=¢—NaY
80
=fi—0.28LaNaY
70 / 0.53LaNaY
= 1.02LaNaY
S 60 - =>&=1.02LaNa
2
S
B 50
(]
z
8 40 T T T 1
0 5 10 15 20
100/(WHSV (hr))

Figure3. Effect of lanthanum weight percent loading on the atmospheric residue conversion

at different WHSVand temperatures 510°C.
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Figure4. Effect of lanthanum weight percent loading on the yield of gasoline at different
temperatures and 6 WHSV.
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Figure5. Relation between the conversion and the number of regeneration for NaY and 1.02
LaNaY catalysts.
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ABSTRACT

This research presents a new study in reactive distillation by using consecutive reaction: the
saponification reaction of diethyl adipate (DA) with sodium hydroxide solution .

The effect of three parameters were studied through a design of experiments applying 2° factorial
design . These parameters were : the mole ratio of DA to NaOH solution (0.1 and 1) , NaOH
solution concentration (3 N and 8 N) , and batch time (1.5 hr. and 3.5 hr.) . The conversion of
DA to sodium monoethyladipate(SMA)(intermediate product) was the effect of these parameters
which was detected . Also , the percentage purity of the intermediate product was recorded . The
results showed that increasing mole ratio of DA to NaOHsolution increases the conversion and
percentage purity to a maximum value within the range of study . The effect of NaOH solution
concentration decreases the conversion and percentage purity to specified value within the range
of study . The effect of batch time on conversion and percentage purity , when NaOH solution
concentration (3 N) is as follows : the increasing in batch time decreases the conversion and
percentage purity to specified value within the range of study . When NaOH solution
concentration (8 N) increasing batch time decreases the conversion , while percentage purity
increases with increasing batch time to a maximum value within the range of study . The
maximum attainable conversion within the studied range of parameters was eighteen fold of the
base case , while the maximum percentage purity was (99.40 %) .

Empirical equation was obtained using statistical analysis of experimental results . The empirical
results of relative conversion was drawn . The empirical graphs showed linear variation .

Key words: consecutive reaction, the saponification reaction, diethyl adipate with sodium
hydroxide solution, sodium monoethyladipate.
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1. INTRODUCTION

Reactive distillation (RD) is a process which includes a combination of reaction and separation
in a single unit. The concept of combining these two important functions for enhancing the
process overall performance is not new in chemical engineering world. The production of
ammonia from soda ash by classic Solvay process of the 1860s may be cited as possibly the first
commercial applying of this technique,Sundmacher and Kienle,2002. Many old operations
have made usage of this concept.The combination of reaction and distillation is possible , of
course only if the conditions of both operations can be combined. This means that the reaction
have to show data for reasonable conversion at temperature and pressure levels that are
compatible with separation conditions. The type of catalysis is also important. Homogeneous
catalysis is possible in more cases , but requires a separation step for catalyst recycling. This can
be eliminated in heterogeneous catalysis , but here special constructions are necessary to fix the
catalyst in the reaction zone. If everything harmonizes , considerable advantages arise : for the
production of methyl acetate via RD for example , only one column is needed instead of a
reactor and nine columns. RD can be used with many chemical processes including acetylation
,Mufrod, et al.,2013, amination , esterification , etherification , hydrolysis , hydration ,
dehydration , hydrogenation , isomerization , etc..

The general utility of RD (till now) is increasing the conversion of reversible reactions ,
Laybenand Ching Yu,2008. This depends on the withdrawal of the product (or one of the
products) by evaporation from the reacting mixture. This technique accelerates the forward
reaction.RD also provides compactness to the chemical plant and cost effectiveness.

This research presents a new study in RD of a consecutive reaction. The consecutive reaction
proposed is the saponification reaction of diethyl adipate with sodium hydroxide solution. This
reaction takes place in two steps. The distillation process has the role of withdrawing the
intermediate product(SMA) by evaporation from the reacting mixture before the second
conversion occurs. This technique is useful in producing the intermediate product(when it is the
desired product)as it is the case in many industrial and petroleum processes.
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2. KINETICS OF REACTIONS

Saponification reaction of diethyl adipate as studied byNewberger and Kadlec ,Newberger and
Kadlec,1973, represents second order , irreversible , consecutive homogeneous reaction in the
liquid phase .

The chemical reactions are represented as follows , Newberger and Kadlec,1973:

k
(CH2)4(COOC2H5)2+N6.OH—1 (CH2)4(COONa)(COO C2H5) + C,Hs0H
Diethyl adipate Sodiumhydroxide Sodium monoethyl adipate Ethanol

k2
(CH,)4(COONa)(COOC;Hs)+NaOH— (CH,)4(COO Na),+ C,HsOH
Sodiummonoethyladipate Sodiumhydroxide Disodium adipate Ethanol

They found that the rate constant of the first reaction (ky) to be 9.3 m*kmole.s while that of the
second reaction (k») to be 7.7 m*kmole.s. These values were obtained at temperature 293.1 K .
It is obvious that k1> k; i.e. the first reaction is faster than the second .
They also found that the frequency factors of Arrhenius equation , and the activation energies of
the two reactions were :
A; = 487 « 10° m*® / Kmole . s , A, = 349 « 10° m*® / Kmole . s
E; =42.2 MJ/ Kmole : E, =25.0 MJ/ Kmole
It is obvious that E;> E; , so the first reaction has a higher energy barrier than the second
reaction .
In addition , they determined the heats of the two reactions to be :
AH; =-45.2 +3.4 MJ/ Kmole
AH,; =-68.0 £ 4.2 MJ / Kmole
These quantities were found to contribute at most 0.5 K temperature rise in their tubular reactor ,
Newberger and Kadlec,1973.

3. METHODOLOGY
3.1 Experimental Work

1-Sodium hydroxide solution (NaOH) was prepared and standardized using indicators
,Vogel, 1961, and pH — meter .

2-Experiments were conducted to compare the case of using distillation with that of without
distillation .

3-Measured amounts (20 - 27 ml.) of diethyl adipate (DA) and sodium hydroxide "NaOH"
solution (56 — 332 ml.) were mixed in (500 — ml.) distillation flask which was shielded .

4-Keeping the temperature at constant value (50 °C) and providing good mixing (500 rpm) for
the reacting mixture using magnetic stirrer .

5-After a planned period of time (1.5 hr.) the reaction was stopped and flask contents which
consist of two layers were transferred immediately to a (500 — ml.) separating funnel .

6-The weight and volume of each layer were measured .
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7-FTIR measurement was done for each layer which showed the existence of sodium
monoethyladipate (SMA) in the two layers with higher concentration in the upper layer . The
unreacted diethyl adipate (DA) was noticed to appear in the two layers too with higher
concentration in the upper layer than that of the lower layer .

8-Atomic absorption measurement was done for the upper layer to measure the concentration of
sodium monoethyladipate (SMA) .

9-The conversion of diethyl adipate (DA) to sodium monoethyladipate (SMA) was calculated .
Relative conversion (conversion of DA to SMA relative to base case* conversion) was adopted
to show the enhancement of conversion with respect to base case . Also , the purity of upper
layer relative to the lower layer was calculated.

3.2 Experimental Work
1-Sodium hydroxide (NaOH) solution , was prepared and standardized .

2-According to the design of experiment (Table 1) ,(Mentomen.200) threa factors were intended to
study (feed mole ratio , sodium hydroxide (NaOH) solution concentration, and batch
"distillation” time) within the ranges fixed in Table 2 .

3-Measured amounts (12 — 129 ml.) of diethyl adipate (DA) and sodium hydroxide solution
"NaOH" (31 — 332 ml.) were mixed in (500 — ml.) distillation flask which was shielded .

4-Heating the mixture till boiling . The distillate began to appear approximately at about 100 °C .

5-The distillate was collected in receiving conical flask . It was noticed that it was composed of
two layers .

6-The distillate was transferred to a (500 - ml.) separating funnel .
7- The weight and volume of each layer were measured .

8-FTIR measurement was done for each layer which showed that sodium monoethyladipate
(SMA) appeared in the dominate upper layer . The unreacted diethyl adipate (DA) appeared in
the impaired lower layer .

9- After that atomic absorption was made for the upper layer to measure the concentration of
sodium monoethyladipate (SMA) .

10-The conversion( using Eq. (1))and relative conversion ( usingEq. (2))were calculated as in the
case of without distillation . The percentage purity of distillate upper layer which contains SMA
was also calculated( using Eq. (3)) .

11-In order to characterize the final product , i.e disodium adipateDSA ( see Fig. 1)the
measurement of somephysical properties were performed as illustrated in Table 3.

*Base case : is the experiments that carried out at lower values of all the parameters , which is regarded as base
(reference) case .
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3.3 lllustrations of Relative Conversion and Percentage Purity Calculations

Sodium monoethyladipate (SMA) concentration = sodium (Na) concentration in distillate upper
layer

moles of reacted DA to SMA
moles of DA in feed

Conversion of diethyl adipate (DA) to (SMA)= * 100 D

Relative conversion=—-2version of DA to SMA

)

base case (runl)conversion

wt.of distillate upper layer
wt.of total distillate

%Purity= % 100(3)

4. RESULTS

4.1 Experimental Results

Fig. 2 shows the variation of sodium monoethyladipate (SMA) concentration with feed mole
ratio represented by (x1) . Two curves were drawn for the same NaOH solution concentration (X,
= 3 N) and different distillation time (x3 = 1.5 and 3.5 hr.) . From this figure , it is clear for the
two curves that SMA concentration was direct proportional with feed mole ratio in the range (x;
= 0.1 - 0.3) . The two curves have a maximum SMA concentration at (x; = 0.3) . After that,
increasing feed mole ratio in the range (x; = 0.3 — 1) caused decreasing in SMA concentration.
This can be explained as follows : the rate of first conversion reaction (SMA production) is
higher than the rate of second conversion reaction (SMA consumption) , Newberger and
Kadlec,1973. The increasing in feed mole ratio in the range (X; = 0.1 — 0.3) activated the first
conversion reaction (i.e SMA production increased) and its concentration in distillate increased .
Higher increasing in feed mole ratio in the range (x; = 0.3 — 1) activated the second conversion
reaction (i.e SMA consumption increased) so its concentration in distillate decreased . Also , it is
clear from this figure that SMA concentration for the curve of shorter distillation time (t = 1.5
hr.) at (x; = 0.1 — about 0.8) was higher than that of longer distillation time (t = 3.5 hr.) . At feed
mole ratio (x; = 0.3) SMA concentration for the curve of shorter distillation time (106.10 ppm.) ,
while for the curve of longer distillation time (50.33 ppm.) viz has its half concentration value .
This is because longer distillation time activated the second reaction (i.e SMA consumption
increased) , meanwhile the other products (ethanol) as well as (water) continued to accumulate in
the distillate . So SMA concentration with respect to the upper layer of distillate reduced .

Fig. 3 also shows the variation of SMA concentration with feed mole ratio (x;) . Again two
curves were drawn for the same NaOH solution concentration (x; = 8 N) and different batch time
(x3 = 1.5 and 3.5 hr.) . From this figure , it is clear that the two curves have the same trend of
variation as in Fig. 2 with wide difference between them . The peak of the curve of shorter
distillation time (119.82 ppm.) was higher than the corresponding one of Fig. 2. The peak of the
curve of longer distillation time (15.77 ppm.) was lower than the corresponding one of Fig. 2 .
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This is because increasing NaOH solution concentration activated both the first and second
reactions . For (1.5 hr.) duration SMA accumulation was greater than its consumption , so SMA
concentration increased with increasing NaOH solution concentration . For (3.5 hr.) duration
SMA consumption was greater than its accumulation , so SMA concentration decreased with
increasing NaOH solution concentration .

Fig. 4 illustrates the variation of SMA concentration with NaOH solution concentration
represented by (x») . The curve was drawn for feed mole ratio (x; = 0.3) and distillation time (t =
2.5 hr.), i.e. the center points of each parameter . From this figure , it is clear that SMA
concentration decreased with increasing NaOH solution concentration in the range (X = 3 - 5.5
N) . The curve has a minimum value of SMA concentration (8.67 ppm.) at (x, = 5.5 N) . After
that SMA concentration increased with increasing NaOH solution concentration in the range (X,
=55 -8 N) . As explained before , increasing NaOH solution concentration stimulated both
reactions . Also , as explained before in Figs. 2 and 3, for (t = 1.5 hr.) and (x; = 0.3) NaOH
solution concentration (x, = 8 N) gave higher SMA concentration than NaOH solution
concentration (X, = 3 N) , while for (t = 3.5 hr.) NaOH solution concentration (X, = 3 N) gave
higher SMA concentration than NaOH solution concentration (X, = 8N) . For (t = 2.5 hr.) and (X1
= 0.3) SMA concentration for NaOH solution concentration (X, = 8 N) was higher than its
concentration for NaOH solution concentration (x, = 3 N) . It can be concluded that SMA
concentration increased with increasing NaOH solution concentration during (1.5 — 2.5 hr.) ,
while SMA concentration decreased with increasing NaOH solution concentration during (2.5 —
3.5hr).

Fig. 5 explains the variation of SMA concentration with batch (distillation) time represented by
(x3) . The curve was drawn for feed mole ratio (x; = 0.3) and NaOH solution concentration (X, =
3 N) . From this figure , it is clear that increasing distillation time in the range (t = 1.5 - 2.5 hr.)
decreased SMA concentration progressively .The curve has a minimum in SMA concentration
(10.55 ppm.) at (t = 2.5 hr.) . After that, SMA concentration increased with increasing distillation
time in the range (t = 2.5 — 3.5 hr.) . This can be explained as follows : the increasing in
distillation time in the range (t = 1.5 — 2.5 hr.) for (x, = 3 N) decreased SMA concentration
because of increasing SMA consumption by means of activating the second conversion reaction,
meanwhile other products (ethanol) as well as (water) continued to accumulate in distillate upper
layer so SMA concentration decreased progressively . The increasing in SMA concentration with
increasing distillation time in the range (t = 2.5 — 3.5 hr.) was because of decreasing SMA
consumption . Also , from this figure it is clear that SMA concentration for shorter distillation
time (106.10 ppm.) was higher than SMA concentration for longer distillation time (50.33 ppm.)
as explained in Fig. 2 at (x; = 0.3) .

Fig. 6 shows the variation of SMA concentration with batch time (x3) and feed mole ratio (x; =
0.3) . The curve was drawn for NaOH solution concentration (X, = 8 N) . As explained
previously , increasing NaOH solution concentration stimulated the two reactions (first and
second conversion reactions) . From this figure , it is clear that when distillation time increased
in the range (t = 1.5 - 2.5 hr.) SMA concentration increased . The curve has a maximum SMA
concentration (152.37 ppm.) at (t = 2.5 hr.) , this is on the contrary to Fig. 5 which has a
minimum value at (t = 2.5 hr.) . This means higher SMA production be at (t = 2.5 hr.) for (x, =8
N) , while higher SMA consumption be at (t = 2.5 hr.) for (x, = 3 N) . After that, SMA
concentration decreased when distillation time increased in the range (t = 2.5 - 3.5 hr.) . Also, it
is clear from this figure (1.5 hr.) distillation time gave higher SMA concentration (119.82 ppm.)
than (3.5 hr.) distillation time (15.77 ppm.)as explained in Fig. 3.
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Fig. 7 explains the variation of relative conversion with feed mole ratio (x;) . The curves were
drawn for the same NaOH solution concentration (x, = 3 N) , and different batch time (x3 = 1.5
and 3.5 hr.) . From this figure , it is obvious that for the two curves the relative conversion
proportionally increased with increasing feed mole ratio in the range (x; = 0.1 - 0.3) . The two
curves have a maximum relative conversion at (x; = 0.3) which seems to be the best value in our
range of feed mole ratios . After that increasing feed mole ratio in the range (x; = 0.3 — 1)
decreased relative conversion . The increasing in relative conversion with increasing feed mole
ratio in the range (x; = 0.1 — 0.3) was because of the increasing in SMA concentration in this
range of feed mole ratios as shown in Fig. 2. The decreasing in relative conversion for the range
(x1 = 0.3 - 1) is due to the decreasing in SMA concentration. The curves have the same trend of
variations as in Fig. 2 . Relative conversion is a function of SMA concentration, weight of
distillate upper layer , and DA volume . It varies proportionally with SMA concentration and the
weight of the upper layer and it varies inversely with DA volume . At (x; = 0.3) relative
conversion for the curve of shorter distillation time was (18.58) , while for the curve of longer
distillation time was (9.76) . This was because SMA concentration for (t = 1.5 hr.) was higher
than its concentration for (t = 3.5 hr.) as shown in Fig. 2. It was noticed thatat feed mole ratios
approximately above (x; = 0.6) the variation of relative conversion with feed mole ratio becomes
linear .

Fig. 8 also explains the variation of relative conversion with feed mole ratio (x;) and different
batch time (x3 = 1.5 and 3.5 hr.) . The two curves were drawn for the same NaOH solution
concentration (X, = 8 N) . From this figure , it is clear that for the curve of shorter distillation
time , relative conversion increased with feed mole ratios in the range (x; = 0.1 - 0.3) . The
curve has a maximum value of relative conversion (2.76) at (x; = 0.3) . After that the relative
conversion decreased when feed mole ratio increased in the range (x; = 0.3 — 1) . This curve has
this behaviour due to increasing then decreasing in SMA concentration as shown in Fig. 3. This
curve has the same trend of variation as the curve of shorter distillation time in Fig. 7 . The peak
of the curve of shorter distillation time (2.76) is lower than the corresponding one of Fig. 7 . This
appears in contradiction with Figs. 2and3 . This is because of lower weight of distillate upper
layer and higher volume of DA . For the curve of longer distillation time it is clear that the
relative conversion decreased when feed mole ratio increased in the range (x; = 0.1 - 0.55) . The
curve has a minimum value of relative conversion (0.18) at (x; = 0.55) . Then relative conversion
increased somewhat till (x; = 1) . The decreasing in relative conversion with feed mole ratio in
the range (x; = 0.1 — 0.55) because of decreasing in weight of distillate upper layer and
increasing in DA volume . The increasing in relative conversion for the range (x; = 0.55 - 1) was
because of increasing in weight of upper layer distillate and increasing SMA concentration . The
peak for the curve of longer distillation time (0.62) is lower than the corresponding one of
Fig.7.This is because of lower weight of distillate upper layer and higher volume of DA as
mentioned above.

Fig. 9 shows the variation of relative conversion with NaOH solution concentration (x;) . The
curve was drawn for feed mole ratio (x; = 0.3) and batch time (x3 = 2.5 hr.) . From this figure , it
is clear that the relative conversion decreased with increasing NaOH solution concentration in
the range (x2 =3 - 5.5 N) . The curve has a minimum value of relative conversion (0.39) at (x; =
5.5 N) . After that the relative conversion increased when NaOH solution concentration
increased in the range (X, = 55 — 8 N) . The behaviour of this curve was due to the
decreasingthenincreasing of SMA concentration with NaOH solution concentration as shown in
Fig. 4.
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Fig. 10 explains the variation of relative conversion with distillation time (x3) . The curve was
drawn for feed mole ratio (x; = 0.3) and NaOH solution concentration (X, = 3 N) . From this
figure , it is clear that the relative conversion decreased when distillation time increased in the
range (t=1.5-25 hr.). The curve has a minimum value of relative conversion (0.68) at (t =
2.5 hr.) . After that, the relative conversion increased with increasing distillation time in the
range (t = 2.5 — 3.5 hr.) . This behaviour due to the decreasingthen increasing of SMA
concentration with distillation time as shown in Fig. 5 .

Fig. 11 also explains the variation of relative conversion with distillation time (x3) , and feed
mole ratio (x; = 0.3) . The curve was drawn for NaOH solution concentration (x2 = 8N). From
this figure , it is clear that the relative conversion decreased with increasing distillation time .
This can be attributed to the decreasing in SMA concentration as discussed in Fig. 6.

Fig. 12 illustrates the variation of percentage purity of distillate upper layer with feed mole ratio
(x1) . The two curves were drawn for the same NaOH solution concentration (x; = 3 N) and
different batch time (x3 = 1.5 and 3.5 hr.) . From this figure , obvious that the percentage purity
for the two curves increased with increasing feed mole ratio in the range (x; = 0.1 —0.3) . The
two curves have a maximum value of percentage purity at (x; = 0.3) . After that the percentage
purity decreased with increasing feed mole ratio in the range (x; = 0.3 — 1) . Percentage purity is
a function of weight of distillate upper layer and unreacted DA weight in distillate . It is
proportionally varies with the weight of distillate upper layer and inversely varies with the
weight of unreacted DA in distillate . The increasing in percentage purity with increasing feed
mole ratio in the range (x; = 0.1 — 0.3) was because stimulating the first conversion reaction
(DA consumption increased so the appearance of unreacted DA in distillate decreased and SMA
concentration in distillate increased) as explained in Fig. 2 . The decreasing in percentage purity
with increasing feed mole ratio in the range (x; = 0.3 - 1) was because stimulating the second
conversion reaction (i.e SMA concentration in distillate decreased) as explained in Fig. 2 . So the
weight of upper layer distillate decreased and percentage purity decreased . Also , it is clear from
this figure that the percentage purity for the curve of longer distillation time was higher than that
of shorter distillation time . For the curve of (t = 3.5 hr.) at (x; = 0.3) the percentage purity
(98.52 %) , while it is (97.5 %) for the curve of (t = 1.5 hr.) . This is because the accumulation of
(ethanol) as well as (water) increased in the distillate for longer distillation time . So the weight
of distillate upper layer increased with respect to unreacted DA layer (distillate lower layer) so
that percentage purity of distillate upper layer increased .

Fig. 13 also illustrates the variation of percentage purity with feed mole ratio (x;) .The batch
time for the two curves was different (x3 = 1.5 and 3.5 hr.) . The two curves were drawn for the
same NaOH solution concentration (X, = 8 N) . From this figure , it is clear that the two curves
have the same trend of variation of Fig. 12 . The peak for the curve of longer distillation time
(98.01 %) was lower than the corresponding one of Fig.12 . Also the peak for the curve of
shorter distillation time (97.08 %) was lower than the corresponding one of Fig. 12 . This is
because for (x, = 8 N) both first and second reactions were highly activated ,so the accumulation
of ethanol and water is much more than for (x, = 3 N )for (t = 1.5 hr.) as well as for (t =3.5hr.) .
So the accumulated distillate for (t = 1.5 and 3.5 hr.) is much more than that for(x, = 3 N) in Fig.
12. The conclusion , that the maximum percentage purity occurred in low NaOH solution
concentration (X = 3 N) for both distillation time (1.5 hr. and 3.5 hr.) .Fig. 14 shows the
variation of percentage purity with NaOH solution concentration (x,) . The curve was drawn for
feed mole ratio (x; = 0.3) and batch time (t = 2.5 hr.) . From this figure, it is obvious that the
percentage purity decreased with increasing NaOH solution concentration in the range (X, =3 —
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5.5 N) . The curve has a minimum percentage purity (95.34 %) at (X, = 5.5 N) . After that, the
percentage purity increased with increasing NaOH solution concentration in the range (x; =5.5
— 8 N) . This behaviour can be discussed through the decreasing then increasing of SMA
concentration in Fig. 4.This result is fairly coincident with the conclusion of Fig. 13.

Fig. 15 illustrates the variation of percentage purity with distillation time (x3) . The curve was
drawn for feed mole ratio (x; = 0.3) and NaOH solution concentration (x, = 3 N) . From this
figure , it is clear that the percentage purity decreased with increasing distillation timein the
range (x3=1.5-2.5hr.). The curve has a minimum value of percentage purity (97.21 %) at (t =
2.5 hr.) . After that the percentage purity increased with increasing distillation time in the range
(t =25 — 3.5 hr.) . The discussion of the curve may be accomplished through Fig. 5 as the
decreasing SMA concentration led to decreasing percentage purity . Then increasing SMA

concentration led to increasing percentage purity .

Fig. 16 also illustrates the variation of percentage purity with distillation time (x3) and feed mole
ratio (xo = 0.3) . The curve was drawn for NaOH solution concentration (x, = 8 N) . From this
figure , it is obvious that the percentage purity increased with increasing distillation time in the
range (t=1.5-2.5 hr.). The curve has a maximum percentage purity (99.40 %) at (t=2.5 hr.) .
After that the percentage purity decreased with increasing distillation time in the range (t = 2.5 —
3.5 hr.) . The curve can be discussed through the curve ofFig. 6. Increasing SMA concentration
in the range (1.5 — 2.5 hr.) led to increasing percentage purity . Then decreasing SMA

concentration in the range (2.5 — 3.5 hr.) led to decreasing percentage purity .

4.2 Empirical Equation and Figures
The empirical equation obtained from the statistical manipulation of the design of experiments
results is:

y = (0.5329) x4 + (1.5376) x, +(0.6561) X3 + (0.2304) X1z + (0.2809) X1z + (0.2704) XX +
(02304) X1X2X3 (4)

The empirical equation shows neither significance interaction between the parameters nor
significance of any parameter except x, because all coefficients are < 1 except that for x,
(1.5376). This indicates that NaOH solution concentration is the most effective parameter on the
conversion .

Applying the parameters in the empirical equation, Eq. (4) within the range of parameters
studied produced Figs. 17-21 . Figs. 17-21, generally show the linear trend of variation . The
reason of linearity is the absence of interactions between the variables (parameters studied , i.e
feed mole ratio , sodium hydroxide solution concentration , and batch time) . The close looking
of these results with experimental results shows that the empirical equation may well applied on
this system at high values of feed mole ratios , high values of sodium hydroxide solution
concentration , and low values of batch time . The empirical relation accounts for the general
relation or trend of variation and not details . Therefore ; the peaks didn't appear in empirical
figures .
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5. CONCLUSIONS
From this study the following items can be concluded:

1-Feed mole ratio (x;) obviously affected the concentration of SMA in the distillate .
Accordingly the conversion and purity were also influenced by it . Increasing feed mole ratio
caused increasing in the concentration of SMA , conversion of DA to SMA , and percentage
purity of SMA in the distillate in the range (0.1 - 0.3) , when the other factors x, (NaOH solution
concentration) and X3 (batch time) were fixed at specified values . In the range (0.3 — 1) of x; the
concentration , conversion , and percentage purity decreased .

2-Increasing sodium hydroxide solution concentration (x,) increased the concentration of SMA ,
as well as the conversion and percentage purity with other parameters (x; and x3) were fixed.
That was attributed to the effect of NaOH as a reactant which accelerated the reactions with
increasing in its concentration . Although , there were some ranges (x, = 3 — 5.5 N) of NaOH
solution concentration which caused decreasing in SMA concentration , conversion , and
percentage purity .

3-Increasing in batch time (x3) caused decreasing the concentration of SMA and percentage
purity till it reached (2.5 hr.) . After this value with other factors made fixed (x; = 0.3 and x3 =3
N) , the concentration of SMA and percentage purity increased with increasing xs . For the set of
parameters (X; = 0.3 and x3 = 8 N) increasing X3 made increasing in the concentration of SMA
and percentage purity till (x3 = 2.5 hr.) . After this value SMA concentration and percentage
purity decreased with increasing Xs .

4-The conversion of DA to SMA for (x; = 0.3 and x, = 3 N) showed decreasing with increasing
batch time (x3) till (x3 = 2.5 hr.) . Then the conversion increased with increasing Xz . For the set
of parameters (x; = 0.3 and x, = 8 N) the increasing x3 made steady decreasing in the conversion
of DA to SMA .

5-The empirical equation well represented the system in the range of high values of x; and x, and
low values of x3 .Also , it showed no interactions between the parameters and independence on
the two parameters (x;andxs). In other words, it is dependent on x, only.

6-The empirical figures showed a linear relationships between the effect (conversion) and the
parameters (X1 , X2 , and Xx3) . It was concluded that the empirical equation didn't consider the
detailed behaviour of the function (conversion) . On the contrary , it took into account the global
effect of the parameters as a whole .

7- The maximum conversion obtained in this study was 18.58 fold of that for the base case
which corresponds to the set of parameters (x; = 0.3, X, = 3 Nandxs = 1.5 hr.).In other words , it
corresponds to the center point of Xi, the low value of x, and the low value of x3;.The percentage
purity for this set of parameters was %97.50 . Although the maximum percentage purity obtained
was %99.40 which corresponds to(x; = 0.3, X, = 8 Nandx; = 2.5 hr.), the calculated relative
conversion for this set was only 2.40.
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Table 1 . Design of experiments .
Feed mole ratio (x,) , NaOH solution Time (x3), (hr.)
(mol. DA / mol. NaOH) concentration (x,) , (N)
0.1 3 1.5
1 3 1.5
0.1 8 1.5
1 8 1.5
0.1 3 3.5
1 3 3.5
0.1 8 3.5
1 8 3.5
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Table 2 . Variation range of parameters.

Factor Low value | Centre value High value
) 0) (+)
Feed mole ratio (x1) , (mole
DA / mole NaOH solution) 0.1 0.55 1
NaOH solution concentration
3 5.5 8
(x2) , (N)
Time (x3) , (hr.) 55 35
15

Table 3. Some physical properties of DSA.

Physical property Measured PUbl['*S]hed '
Density , g/ cm® 1.4428(using gas pycnometry) 1.7
1.4852(using ultra — pycnometry)
Melting point , °C > 250 250

Figure 1 . Disodium adipate from experimental work (with distillation) .
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Figure 2 . SMA concentration , (ppm.) vs. Figure 4 . SMA concentration , (ppm.) vs.
feed mole ratio (x;) for NaOH sol. conc. = NaOH solution concentration (x,) , (N) for
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Figure 3. SMA concentration , (ppm.) vs.
feed mole ratio(x;) for NaOH sol. conc. =
8Nandt=(1.5&3.5hr)
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Design and Simulation of Sliding Mode Fuzzy Controller for Nonlinear
System

Ahmed Khalaf Hamoudi
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ABSTRUCT

Sliding Mode Controller (SMC) is a simple method and powerful technique to design a

robust controller for nonlinear systems. It is an effective tool with acceptable
performance. The major drawback is a classical Sliding Mode controller suffers from
the chattering phenomenon which causes undesirable zigzag motion along the sliding
surface. To overcome the snag of this classical approach, many methods were proposed
and implemented. In this work, a Fuzzy controller was added to classical Sliding Mode
controller in order to reduce the impact chattering problem. The new structure is called
Sliding Mode Fuzzy controller (SMFC) which will also improve the properties and
performance of the classical Sliding Mode controller. A single inverted pendulum has
been utilized for testing the design of the proposed controller. Programming and
Simulink by Matlab have been used for the simulation results.

Key words: sliding mode control, fuzzy logic control, sliding mode fuzzy control,
chattering phenomenon.
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1. INTRODUCTION

Most nonlinear systems suffer from uncertainty in their dynamic parameters which
necessitates the design of high performance controllers. Today, many strong and new
methods are used to design adaptive nonlinear robust controllers with acceptable
performance. The Sliding mode controller (SMC) is one of the best nonlinear robust
controllers that can be used in nonlinear systems that suffer from parameters
uncertainty, Utkin, 2009. The sliding mode controller was first proposed in the 1950. It
Is consists of two phases; reaching and sliding phases. In reaching phase, the sliding
mode control drives the state trajectory, from any initial point, toward the sliding
surface in the state space by using a discontinuous control action. In sliding phase, it
will force the state trajectory to stay on this sliding surface and to slide along this
surface until reaching the origin. In this method, the control action was smoothed to
reduce the chattering. The ultimate advantage of using sliding mode controller is
achieved when the sliding surface becomes insensitive to parameters uncertainty or
external disturbances inside a plant, AL-Samarraie 2011. The chattering phenomenon
that results from the discontinuous control action is, however, a severe problem in SMC.
In a method called modified sliding controller, the boundary layer was employed in
order to reduce the chattering phenomenon, Hamoudi, 2014 and Piltan, et al., 2011.
The disadvantages of using pure sliding mode controller were resolved after adopting a
modified sliding mode controller scheme. Some authors used Genetic algorithms to
improve the classical sliding mode controller, Wong, et al., 2001 and Lin, 2003. Others
combined fuzzy logic controller (FLC) with the sliding mode control method (SMC) to
overpass the disadvantages of the pure sliding mode controllers, Rahmdel, and
Bairami, 2012. Fuzzy logic controller is, however, weaker in testing the stability.
Nevertheless, the stability can be ensured by combining together fuzzy and sliding
mode controllers to get a new; more practical, structure called sliding mode fuzzy
controller (SMFC). In the current study, a sliding mode fuzzy controller (SMFC) was
used in order to reduce the chattering phenomenon; usually appears with pure sliding
mode controllers.

2. SLIDING MODE CONTROL (SMC)

For nonlinear systems control, the most challenging problem in designing a control
algorithm is to design a linear controller for nonlinear systems. This method, however,
needs some stringent setup in which the controller must work near the system operating
point. This is very difficult for large variations in dynamic system parameters and high
nonlinearities Lin, and Chen, 1994. To solve the above problems in nonlinear systems,
most researches went toward designing a nonlinear controller. SMC is one of the most
powerful nonlinear techniques; first proposed in the 1950 and was used later in wide
range applications due to its acceptable control performance. This controller ensures
insensitive control systems to unpredicted disturbance and parameters uncertainty.

The sliding surface can be represented as;

S(X,t) =A X+ X =0 Where 1 is constant with positive value. (1)
Let us define that X, = X and X, = X, so the sliding surface will be re-written as:
S=AX +X%,

And for A =1 the sliding surface will be as:

S=X +X; ()
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. |

The Sliding
surface

S=0
Figure 1. The sliding surface in state space for A =1.

The idea is to keep S(X,1) near zero, in the phase plane, and to derive the system’s
state trajectory to sliding surface, S(X,t) =0, if it is outside the sliding surface.

The control law of sliding mode controller can be described as:
U =Ug +Ug; ©)

Where, Ug, represent the equivalent part of SMC and Uy is the discontinuous part.
The Uy is defined as;
Uy, = —K. sign(s) (4)

Where K is constant and its value is K >0, where the sign(s) function can be
described and defined as;

+ Sign(s)
ot S
+1 s>0
s sign(s) =<-1 s<0 (5)
" 0 s=0
Figure 2. Sign(s) function. 5=
Therefore equation (3) can be re- written as
u=u, —k. sign(s) (6)

3. MODIFIED SLIDING MODE CONTROL
To reduce the chattering phenomenon, the modified sliding mode controller will be
used. The new controller is achieved when using the boundary layer function

sat (s) instead of the Sign (S) function. The sat (s) function is described as;

4 sar(s)

+1 (s/p>0)
-l | sat(s/@)={slp (-l<slp<l)  (7)
'I‘” . . -1 (s/p<0)
. -1

Figure 3. The sat(s) function.
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Where ¢ is the thickness of the boundary layer

Ugis = Ugar = —k. Sat(S/go) (8)
By substituting Eq. (8) in Eq. (3), the total control will be described as;

u :ueq +usat (9)
s U=u,, —k.sat(s/ ) (10)

4. FUZZY LOGIC CONTROL

In 1960, the control science made use of the fuzzy logic theory to design a powerful
fuzzy logic controller to control nonlinear systems which suffer from parameters
uncertainty and nonlinearity. In many applications, when using pure fuzzy controller,
the stability cannot be guarantee and the performance may be unacceptable. The fuzzy
logic controller (FLC), used in this work, is based on Mamdani’s method and consists of
many stages as described below;

4.1 Fuzzification: In this stage the inputs and outputs must be determined firstly and
then selecting the suitable membership function (MF) according to this input and
output.

4.2 Fuzzy rule base: The rules in this stage consist from two parts, the antecedent and
the consequent. The antecedent contains inequality or suitable relation that must be
satisfied. Satisfying the antecedent will give the consequent. This point is exemplified
as follows. If A is satisfied, then the output is B. Where; (A) and (B) are the antecedent
and the consequent respectively.

4.3 Aggregation of the rules: It is the process of obtaining the total conclusion from the
consequents that come from each rule.

4.4 Defuzzification: This is the final stage, where, the fuzzy output set is converted to
crisp output value. There have been many defuzzification methods introduced; one such
was used in this work, and is called the center of area (COA).

5. SLIDING MODE FUZZY CONTROL (SMFC)

SMC is a strong mathematical tool which can be considered as a robust nonlinear
controller with acceptable performance. This controller can be used in nonlinear
systems with parameters uncertainty. However, pure SMC is suffering from chattering
problem which is undesired properties. For this reason, the present work focuses on
combining fuzzy logic with sliding mode controllers to obtain a new structure; called
SMFC of better performance (small settling time, fast response, and with no
oscillation). Our main task is to find a suitable control law, for system’s output, capable
of tracking reference trajectories. The structure of the SMFC is consisting of two parts
as explained bellow:

1: The SMC: This part has error (e) as its input and U as its output.
2: The fuzzy controller: This part has one input (s) and one output (U ,,,, ). The input,

s, is come from the output of the sliding mode controller. The membership functions of
the fuzzy controller are illustrated in Fig. 4 bellow:
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;

NB NS £

XX

Figure 4. The membership function of the fuzzy controller

Where; NB, NS, Z, PS, PB are linguistic terms of antecedent fuzzy set. They mean
negative big, negative small, zero, positive small, and positive big, respectively. A
general form can be used to describe the fuzzy rules as it shown below:

if SisA,thenU; isB,i=1......... ;5 (11)

Where A represent the fuzzy triangle-shaped number and B, represents the fuzzy

singleton.

A 2

NB NS Z PS PB

p 5

—@p —-@/2 0 @/2 @
Figure 5. The input membership function of the sliding mode fuzzy controller

NB NS ZE PS PB

> u,
. . , — — , .
7 —Kf 7 —Kf;2 7 7 +Kff2 u +Kf

Figure 6. The output membership function of sliding mode fuzzy controller

From Fig. 5 and Fig. 6, it can be concluded that for the sliding mode fuzzy controller

u=u-—k,.sig(s/¢) (12)
+1if a>1

sig(a) =< a if —1{a(1 (13)
-lifa<-1

From above, it can be concluded that the control signal in the sliding mode fuzzy
controller in Eq. (12) and the modified sliding mode controller in Eq. (10) are
completely the same. In the design of SMFC, the membership function for the input and
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output of the fuzzy controller part can be found after making use of the modified sliding
mode controller. In Eq. (12) for the SMFC, the center of the fuzzy output U and the

gain k; can be substituted by U, and Kk respectively of Eq. (10) for the modified

sliding mode controller. So, completely stability and robust can be ensured for the fuzzy
controller part in SMFC. The total controller of the SMFC will, therefore, be described
as:

utotal :usliding +U fuzzy (14)
Where Ug;4ing Is defined in Eq. (10). So Eq. (14) can be re-written as:
utotall :ueq _k'Sat(S/(D) + ufuzzy (15)

6. SINGLE INVERTED PENDULUM
The proposed Sliding Mode Fuzzy Control was implemented to single inverted
pendulum systems. The position of such system is widely used in engineering systems.
The main advantage of using this system is its ability for high tracking, fast response, no
overshoot, and high robustness. The dynamic equation of single inverted pendulum can
be given as in Wang, Wu, 2009.
X =X,

__gsinx —mlixZ cos x; sin x, /(m_ +m)

2 I(4/3—mcos? x, /(m_ +m))
cos x, /(m, +m)

1(4/3—mcos? x, /(m_ +m))
Where x, is the angular position, X, is the velocity, g=9.81m/s?,m, is the mass and
m=0.1kg, | =0.5mis a half length, uis the control input and d(t)is the external
disturbance.
In this work, it is assumed that d(t) =0, and the initial condition is x(0) =[pi/8 0]

u(t) +d(t)

7. SIMULATION RESULTS

In this section two sets of results are obtained. The first is obtained by using the
classical sliding mode controller described in Eq. (6). The second set is obtained by
using the proposed approach “the sliding mode fuzzy controller” described in Eq. (15).
In both cases, it is assumed thatk =10. The figures from Fig. 7 to Fig. 11 are
belonging to the classical SMC, where the figures from Fig. 12 to Fig. 16 are belonging

to the proposed SMFC. The results in SMFC are found by assuming @ =1.

8. DISCUSSION

In this paper, two controllers are used for testing the single inverted pendulum. The first
is the classical sliding mode controller; described in Eq. (6) and the second is the sliding
mode fuzzy controller described by Eq. (15); to reduce the chattering associating the
classical SMC.

Fig. 9 shows the undesired chattering which appears clearly in the classical SMC. This
undesired chattering was highly reduced after using the proposed SMFC method as it is
shown clearly in Fig. 14. In classical SMC the chattering is illustrated because the
system state hits the sliding surface vertically as it is shown in Fig. 11. When using the
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proposed method SMFC, the system state hits the sliding surface approximately in an
arc shape as shown in Fig. 16. As a result, the chattering was reduced. Also in classical
SMC, it is noticed clearly that the error in Fig. 7 and the derivative of error in Fig. 8 are
reached zero value in steady state. This is also appeared clearly when plot the phase
plane between x,and X, in Fig. 11. These zero values in error and derivative of error

means that the system is asymptotically stable, and this is considered as important
properties of the SMC. The same result is illustrated when using the proposed method
SMFC as it is shown clearly in Fig. 12, Fig. 13, and Fig. 16. These results of both the
classical SMC, and the proposed method SMFC, lead us to conclude the ability of both
types of controllers to force the system to be asymptotically stable when they are used
with it.

9. CONCLUSION

The obtained results show an improvement in the response of the proposed SMFC. The
chattering usually appear in the classical SMC has been reduced as it is seen clearly
when comparing between Fig. 9 and Fig. 14. Also from the above results, it can be seen
clearly the ability of both controllers, the classical SMC and the proposed SMFC, to
make the system in asymptotically stable case by making the error and the derivative of
error at zero value as it shown clearly in Fig. 7, Fig. 8, and Fig. 11 in classical SMC and
Fig. 12, Fig. 13, and Fig. 16 in proposed SMFC. This is an important property that is
associated with the SMC and SMFC.
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Table 1. Table of fuzzy rules for Fig. 5 and Fig. 6 in SMFC system
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ABSTRACT

The purpose of this study is to evaluate the hydraulic performance and efficiency of
using direction diverting blocks, DDBs, fixed on the surface on an Ogee spillway in reducing the
acceleration and dissipating the energy of the incoming supercritical flow. Fifteen types of DDB
models were made from wood with a triangulate shape and different sizes were used.
Investigation tests on pressure distribution at the DDBs boundaries were curried out to insure
there is no negative pressures is developed that cause cavitation. In these tests, thirty six test runs
were accomplished by using six types of blocks with the same size but differ in apex angle.
Results of these test showed no negative pressures developed at the boundaries of these blocks.
A physical model for a part of Mandili Dam spillway system was constructed with a scale ratio
of 1:50. Thirteen runs were carried out to obtain the rating curve of the ogee weir of Mandili
Dam Model. Four hundred and seventy test runs were carried out to investigate the performance
of the DDBs in reducing the energy of the flow. In these test runs, nine types of blocks with
different sizes and different apex angles installed with different configurations on the spillway
surface. Thirteen configurations of DDBs were tested. The Froude Number and the location of
the hydraulic jump were used as indicators for the efficiency of these DDBs. Results indicated
that when using the DDBs on a spillway surface, less Froude Number downstream the spillway
is obtained and the hydraulic jump occurs at a much shorter distance from the spillway toe
compared to same spillway without DDBs. Depending on the DDBs type, configuration, and the
applied discharge, the obtained reduction in Froude Number varied between 4.4 to 19.3% and the
reduction in the hydraulic jump distance measured from the spillway toe varied between 54%
and 76% compared with that of the standard design of Mandili Dam.

Key words: energy dissipation, ogee spillway, stilting basin.
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1. INTRODUCTION

High kinetic energy of water flowing over a spillway should be dissipated in stilling
basins before reaching the downstream channel to eliminate scour of downstream river bed.
Different common designs of stilling basins are available. These basins are usually equipped by a
combination of chute blocks, baffle blocks, and end sills. Spillway surface was used to dissipate
the energy in the ancient past by constructing a stepped spillway. This study attempts to make
use of the ogee spillway surface by fixing energy dissipaters on it to reduce the acceleration and
energy of the flow over a spillway. A new type of blocks was used as energy dissipaters that are
known by direction diverting blocks, DDBs, Fig. 1. These blocks have a triangular shape with a
different apex angle. The direction of incoming flow over the spillway of high kinetic energy is
diverted by triangular shape DDBs to both sides. The diverted flow of two adjacent blocks
having an opposite velocity component across the flow direction will meet at a point downstream
the blocks. If more than one row of DDBs were used on the spillway surface, then the diverted
flow from the previous row hits the side of the blocks at the next row. This causes a reduction in
the acceleration of the incoming flow along the spillway and a high turbulence increases the
energy dissipation. This study attempts to evaluate the hydraulic performance and efficiency of
using DDBs in reducing dissipating the energy downstream ogee spillways.

2. PHYSICAL MODELS OF THE DDBS AND THE SPILLWAY

Fifteen type of triangular shape DDB models were used with different shapes and sizes.
The main details of these blocks models are shown in Fig. 2 and their dimensions are presented
in Table 1. These models were made from wood and coated with varnish to protect them from
damage by water. The DDBs were fixed by using special glue. The first six of these blocks were
used for pressure distribution tests, and the last nine were used for energy dissipation tests.

To make comparisons between the energy dissipation with and without using DDBs, the
system of Mandili Dam Spillway was selected to be modeled. Mandili Dam has the following
characteristics, General Directorate for Dams and Reservoirs, 2006:

- Dam Height: 14m.

- Dam length = 1150m.

- Dam crest level =184m.a.m.s.1.

- Maximum water level=182.5m.

- Maximum Discharge =1724m?/s.

- Spillway length =250m.

- Maximum head over spillway=2.5m.

- Maximum design discharge is 1724m®/s

Spillway crest elevation=180 m.a.m.s.l.
Mandili spillway was designed as an uncontrolled ogee weir. Its stilling basin floor level
was set to 165m.a.m.s.l with a length of 21.5m. Chute blocks and dentated sills were provided in
the stilling basin. The chute blocks have a width of 0.5m and height of 0.5m; the dentate sill has
a height of 1m, a top width of 0.1m, distance between teeth is 0.75m, and an out slope of 2:1. A
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slopping hump was located at the end of the stilling basin at an elevation 169.00m.a.m.s.l. This
hump is of 7m in length with an inclination of 1.5V:5H.

The hydraulic model of Mandili Dam Spillway system was constructed with a scale of
1:50. Based on the Laboratory channel width of 30cm, a part of the weir of 15m was modeled
and tested. Fig. 3 shows the longitudinal section in the physical model of Mandili Dam Spillway.
The spillway model was constructed from wood, and was coated with plies of varnish.

3. CONFIGURATIONS OF THE DDBS

Laboratory tests were carried out to investigate any development of negative pressures at
the boundary of the DDBS and the efficiency of these blocks in dissipation of the flow energy.
In negative pressures investigation tests, DDBs were fixed in one row perpendicular to the flow
direction of a flume of 30cm in width. Six types of DDBs, blocks of type 1, 2, 3, 4, 5, and 6,
were used in these tests. The blocks were fixed on a wooden plate installed in the flume with a
longitudinal slope of 1:30 in the direction of the flow. Eight piezometers were installed with their
openings are located at the base of the blocks as shown in Fig. 4.

The energy dissipation tests were carried out with DDBs of type 7, 8, 9, 10, 11, 12, 13,
14, and 15, arranged in thirteen different configurations that are shown in Figs. 5 to 13. In these
configurations, blocks were used in one or multi rows on the spillway surface with varying
distances between the blocks and rows, with and without a stilling basin. In addition, these tests
were carried with a modified length of the stilling basin of Mandili Dam Spillway or without a
stilling basin. Tables 2 and 3 present the details of these thirteen configuration and the types of
DDBs used in each configuration, respectively.

4. RESULTS AND DISCUSSION

The piezometers readings were recorded in each pressure investigation test when using
the six types of DDBs and discharges varied between of 2.5 and 8.8l/s. Fig. 14 shows the
variation of pressure head readings of the piezometers with discharge for each type of DDBs. At
the upper limit of the applied discharge of 8.8l/s, the maximum value of pressure head varied
between 4.2 and 4.6¢cm that was obtained when using DDB of type 6 and the minimum value of
pressure head varied between 3.4 and 3.7cm that was obtained when using DDBs of types 1 and
2. At the lower limit of the applied discharge of 2.5l/s, the maximum value of pressure head
varied between 1.5 and 3cm that was obtained when DDB type 6 was used, and the the minimum
value of pressure head ranged between 1 and 1.7cm that was obtained DDB types 1 was used. It
was found that the measured pressures at these eight points were positive for all the range of the
used discharges and for all block types.

The rating curve of Mandili Dam Weir model was obtained and was used to obtain the
discharge during other the tests. Fig. 15 shows a comparison between the obtained rating curve
in this research, design, the rating curve of the hydraulic model of Mandili Dam, Rafidain State
Company for Dams Construction, 2008, and that obtained according to Chow’s charts, Chow,
1959. Discharges reading using the obtained rating curve are higher than other rating curves.
This may be referred to the accuracy working in lab conditions and to high smoothness of model
surface.

To show the effectiveness of the DDBs in dissipation of energy, the energy dissipation in
the standard design of Mandili Dam was investigated then the DDBs of type 1 to 12 were
installed at its spillway with configurations Number 1, 2, and 3. In these tests, the applied
discharges varied between 200 and 1725m?3/s (0.68 and 6l/s in the model) and in each test, the
flow depths at 20cm upstream the weir model and at a distance of 100cm downstream of the
spillway toe were measured to obtain the discharge and the Froude Number.
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It is logical to adopt the downstream Froude Number as the dimensionless parameter as a
criterion in assessing the hydraulic performance of stilling basins, Eloubaidy et al., 1998. The
occurrence of the hydraulic jump, as well as the sequent depth ratio and the dimensionless
energy loss, are functions of the approach Froude Number, Sturm, 2001.

Figs. 16 to 18 show the variation of the Froude Number with discharge obtained
downstream the standard design of Mandili Dam when carrying out the investigation tests by
using blocks type 7 to 12 and configuration 1, 2, and 3. Table 4 summarizes the obtained
extreme values of the Froude Number during these tests. The maximum value of Froude Number
was 0.86 which was recorded at the maximum design discharge of 1724m3/s with configuration
number 1 and DDBs of type 7. This value of Froude Number is less by 10.4% than that obtained
without using DDBs. At this design discharge, the minimum value of Froude Number was 0.77
which was recorded when using DDBs of type 9 and configuration number 2. This obtained
value of Froude Number is less by 19.3% than that obtained without using and DDBs. For the
applied minimum discharge of 200 md/s, the maximum value of Froude Number was
approximately the same for all configurations with all type of blocks, it was about 0.68 and is the
same when no DDBs were used. For the same discharge of 200m3/s, the minimum value of
Froude Number varied between 0.63-0.65 for all configurations with all blocks types, with a
reduction of 7.4-4.4% than that obtained when no DDBs were used. Froude Number value for
configuration number 3 was less than the Froude Number with configurations number 1 and 2.
This indicates that the Froude Number decreases by increasing the number of blocks, number of
blocks rows, and as the block apex angle decreases.

As a conclusion from results mentioned above, as the Froude Number is reduced when
using the DDBs, the flowing water will reach the stilling basin with less Kinetic energy.
Accordingly, shorter stilling basin can be used at the downstream of the spillway. Modification
was made by reducing the length of the stilling basin of the standard design of Mandili Dam and
then effectiveness of the DDBs in dissipating energy was tested. The length of the stilling basin
was reduced to half and one fourth the length of the stilling basin of the standard design of
Mandili Dam. Tests runs were carried out with configurations number 4, 5, 6, 7, 8, and 9. Tests
runs with configurations number 4, 5, and 6 were carried out with half the length of the stilling
basin of the standard design of Mandili Dam. While, configurations number 7, 8 and 9 have one
fourth of the length. Three types of DDBs with small apex angles were selected and used in these
tests. DDBs typel3 were tested with configurations number 4 and 7, blocks type 14 were tested
with configurations number 5 and 8, and blocks type 15 were tested with configurations number
6 and 9. Figs. 19 and 20 show the variation of the Froude Number with discharge for all
configurations with the modified design of the stilling basin of Mandili Dam and the extreme
values of the Froude Number are summarizes in Table 5. At the maximum design discharge of
1724m3/s, the maximum value of Froude Number was 0.91 which was obtained with
configuration number 8. It is 5.2% less than that obtained with standard design of Mandili Dam.
At the same discharge, the minimum Froude Number of 0.86 was obtained with configurations
number 5 and 6 with a reduction of 10.4% compared with standard design. At the minimum
applied discharge of 200md/s, the maximum value of Froude Number was about 0.68 in
configurations number 4 and 7, which is the same as in the standard design of Mandili Dam. For
the same discharge, the minimum value of Froude Number was the same value of about 0.63 for
configurations number 5, 6, and 8, with a reduction of 7.4% compared with standard design of
Mandili Dam. In general, the Froude Number values for configurations with a half stilling basin
were less than with one fourth length stilling basin. Also, the Froude Number values with these
configurations were less than that obtained with standard design of Mandili Dam in all tests
within the range of applied discharges.
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Based on the above discussion the length of the stilling basin of the standard design of
Mandili Dam can be reduced when using the DDBs, without effecting the energy loss and
Froude Number values. To investigate the effects of using the DDBs on the Froude Number, and
the location of the hydraulic jump, any other energy dissipaters were eliminated, ie. the stilling
basin was removed. Experimental runs were carried out on configurations number 10, 11, 12 and
13. Fig. 21 and 22 show the variation of Froude Number and the distance of hydraulic jump with
discharge with configurations number 10, 11, 12, and 13. Table 6 summarizes the Froude
Number and the hydraulic jump distance from the toe of the spillway that were obtained at
extreme discharges. the Froude Number values with configuration number 10 vary with a steep
slope between discharge values of about 650m®s and 900m®/s and the flow was supercritical
over a discharge of 750m®/s. With configurations number 11, 12, and 13, the flow was sub
critical with Froude Number less than unity. Under these configurations the flow has
approximately the same Froude Number values for all the range of discharge. At the minimum
applied discharge of 200m?/s, the free hydraulic jJump was obtained with configuration number
10 at a distance of 5m from the spillway toe with a Froude Number of 0.36. While, a submerged
hydraulic jump occurred at the toe of the spillway for configurations number 11, 12, and 13, with
a Froude Number varies between 0.17 and 0.18, depending on the block type. The Froude
Number reduction in configurations number 11, 12, and 13 is about 49% to 52% compared with
configuration number 10. At the maximum applied discharge of 1724m3/s, the free hydraulic
jump for configuration number 10 was at a distance of 105m from toe of the spillway and a high
Froude Number of 4.21. The minimum Froude Number of 0.51 was recorded with configuration
number 13, with a reduction of 700% compared with configuration number 10. The maximum
value of Froude Number was 0.54 recorded with configuration number 11, with a reduction of
660% than configuration number 10. The hydraulic jump distance from the spillway toe was
about 48m, 40.5m, and 25m for configurations number 11, 12, and 13, respectively. Compared
with configuration number 10, the reduction in the hydraulic jump distance from the spillway toe
was 54%, 61%, and 76% for configurations number 11, 12, and 13, respectively, which indicates
that the hydraulic jump in test runs with configuration number 13 have the shortest distance from
the spillway toe compared to configurations number 10, 11, 12, for all the applied range of
discharge. This indicates that increasing the number of blocks rows leads to more dissipation of
the energy of the flow.

5. CONCLUSIONS

The results of the laboratory investigation test runs that were carried in this study indicated
that the DDBs fixed on the surface of an ogee slipway can be used effectively to reduce the
energy of the flow downstream the spillway and accordingly, shorter stilling basin can be used.
More energy is dissipated when increasing the number of blocks, number of blocks rows, and as
the block apex angle decreases.
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Table 1. Dimensions of the used DDBs models.

T f DDBs dimensions
gg%o Width | Height | Apex angle | Top length
S

cm cm degree cm
1 5 3.9 30 9.3
2 5 3.9 45 6
3 5 3.9 60 4.3
4 5 3.9 90 2.5
5 5 3.9 120 1.4
6 5 3.9 180 5
7 15 15 20 4.25
8 15 15 30 2.8
9 15 15 45 1.8
10 15 15 60 1.3
11 15 15 90 0.75
12 15 15 180 15
13 2 2 15 7.6
14 2 2 20 5.7
15 2 2 30 3.7

Table 2. Details of the configurations used for the energy dissipation test.

Configuration Number

112 3 4 |5/6| 7 |8]/9/10(11|12/|13
Number of rows 1)1 2 2 13|14 2 (34| -4 |5 |7
Spacing between blocks, cm 15/15 4.5 2.3 2.3
Distance of 1% row from weir toe, cm | 20 | 25 20.5 200 15| 20 | 15| - 0
Distance of 2" row from weir toe,cm | - | - 25 29.| - |29.5 -
spacing between rows for more than| _ | |\, opie 5 5
two rows, cm -
Number of blocks in each row 10|10 5 7 - 7
Length of stilling basin, cm 42 21 | 10 No stilling

*depends on the block dimensions.

87




Number 3

Volume 22 March 2016 Journal of Engineering

Table 3. The types of DDBs that were used in each configuration.

Configuration Number

1

[ 2 | 3

415

6|7

819 10 11112]13

Type of blocks 7,8,9, 10,11, 12

131141513

14115| W.ithout blocks |13|14|15

Table 4. The extreme values of the Froude Number, standard design of Mandili Dam Spillway.

Discharge Froude Number
md/s Max. Min.

0.68, with block type .
Configuration number 1 200 8,10, and 12 0.65, with blocks type 9
1724 0.86, with blocks type 7 | 0.79, with blocks typel2

0.68, with blocks types 8, .
Configuration number 2 200 and 9. 0.64, with blocks type 12
1724 0.825, with blocks type 7| 0.77, with blocks type 9
. . 200 0.67, with blocks type 9 | 0.64, with blocks typel2
Configuration number 3 1724 0.85, with blocks typel0 | 0.78, with blocks typell

Table 5. The extreme values of the Froude Number, modified design of Mandili Dam Spillway.

Discharge Froude Number
ma/s Max. Min.
200 0.68, configuration 0.63, configuration number 5
Configuration number 4, number 4 and 6
5, and 6. 0.87, configuration 0.86, configuration number
1724
number 4 5and 6
Configuration number 7, 200 0.68, canfiguration 0.63, configuration number 8
8. and 9 number 7
1724 0.91, configuration 0.88, configuration number 7
number 8

Table 6. The extreme values Froude Number and the distance of the hydraulic jump, no stilling

basin.
Configuration number D|s;hazrge Froude Number distance of h;r/;jraullcwmp
10 200 0.36 5
1724 4.21 105
11 200 0.18 0
1724 0.54 48
12 200 0.18 0
1724 0.53 40.5
13 200 0.17 0
1724 0.51 25
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ABSTRACT

Since the beginning of the last century, the competition for water resources has
intensified dramatically, especially between countries that have no agreements in place for water
resources that they share. Such is the situation with the Euphrates River which flows through
three countries (Turkey, Syria, and lIrag) and represents the main water resource for these
countries. Therefore, the comprehensive hydrologic investigation needed to derive optimal
operations requires reliable forecasts. This study aims to analysis and create a forecasting model
for data generation from Turkey perspective by using the recorded inflow data of Ataturk
reservoir for the period (Oct. 1961 - Sep. 2009). Based on 49 years of real inflow data from the
Euphrates River recorded at Ataturk, a spilt-sample approach was adopted for testing
homogeneity. The autoregressive model of order one [AR(1)] was found to be the best for the
forecasting as it accurately reproduced the means, standard deviations, and skewness coefficients
observed in the generated records forecast at the Ataturk reservoir. Ten sets of 100 years data
have been forecasted.

In Iraq, optimization of the operation of all reservoirs is necessary after operating new
reservoirs in Turkey.

Keywords: Time series, Reservoir operation, Euphrates River, Ataturk Dam, and Forecasting.
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1. INTRODUCTION

The Euphrates has its source in eastern Turkey. Euphrates brings water to the
Mesopotamian lowlands of Iraq as well as hydropower and irrigation to parts of southeastern
Turkey and much of northern and eastern Syria. It is the longest river (2,700 km) in southwest
Asia west of the Indus, although its maximum average annual volume (35.9 * 10° m3 at Hit,
Iraq) is less than that of the Tigris (70.4 * 10° m? at Baghdad) or the Karun (48.8 * 10° m3 at
Ahwaz), Cressey, 1958. The Euphrates River enters Iraq border at Hussaiba town. Because its
waters comes from melting snows, maximum flows are in April and May, while minimum flows
are in September and October. Many researchers have studied the Euphrates and Tigris rivers
basins and the Turkish Great Anatolia Project (GAP). Mujumdar and Kumar, 1990
investigated 10 candidate models from the autoregressive moving average model (ARMA)
family for representing and forecasting monthly and 10-day stream flow in three Indian rivers.
Kolars and Mitchell, 1991 introduced a chart for projected sequential depletion of the Euphrates
River for the period 1990-2040.
Al-Tikriti, 2001 used single site multivariate autoregressive models, AR(1), to model seven
parameters of average weekly water quality data and discharges at two stations on the Euphrates
River (Al-Hindiya and Al-Samawa stations) for the period 1984-1997.
El-Obaidy, 2006 studied the effect of future Turkish projects on the Tigris River. In order to
consider the uncertain conditions affecting the future performance of the system, a multisite
ARMA (1, 1) model was used to generate a monthly time series over 70 years of inflows to
various reservoir sites on the Tigris River in Turkey.

2. AREA OF STUDY

The Ataturk Dam, power station, and irrigation project is located near town of Bozova,
70 km northeast of Urfa and 181 km downstream from Karakaya. It will be the largest dam in
Turkey, its filled reservoir capacity as well as its embankment volume will make it the fifth-
largest dam in the world, TDN, 1988. Constructed in the 1980s on the Euphrates River in semi-
arid Southeastern Turkey, it forms the central component of a large-scale regional GAP
development project. The dam and its associated hydroelectric power plant went into service in
1992 and today plays an important role in the development of Turkey’s energy and agriculture
sectors, Ozcana et al., 2012. The dam is located at 37°28'54'N 38° 19" 03" E /37.48167° N and
38.31750° E, www.marefa,org> index.php. It is the third dam built on the Euphrates River with
an active capacity of 19 * 10° m®, within a total capacity of 50 * 10° m® and installed power of
2,400 MW. Its height from the river bed is 169 m with a crest length of 1,664 m and a catchment
area of 92,240 km?, Demir et al., 2009.

3.THEORIES

3.1 Hydrologic Time Series

A hydrologic time series is defined as a continuous set of sequential observations, usually
expressed as an average value over specified intervals of time such as mean daily, mean
monthly, or mean annual flows. Hydrologic time series may consist of four components
depending on the type of variable and the average time interval, Yevjevich , 1972. In seasonal
stream flow series four components exist as shown in Eq. (1):-

Q=Jde+ Te+Pe+Ee (1)

where:
Q s the time series value (actual data) at period t,
Je is the jump component at period t,
T. is the trend-cycle component at period t,
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Pe is the periodic or cyclic component at period t, and

E. is the stochastic (or random) component at period t.
The first three components represent the deterministic part of the process while the fourth
component represents the non-deterministic part.

3.1.1 Test and Removal of Non-Homogeneity

This test is performed to check the homogeneity of the historical data in the stream flow
series. In order to construct a model of a stream flow that remains valid for the future, the
hydrologic data series which are used in generating the model should be homogenous. By
definition, homogeneity requires at least two conditions, Yevjevich, 1972:

1. The hydrological data series must not contain any systematic error.

2. All the hydrological conditions should be constant.

If these conditions are satisfied then the series may be considered homogeneous. These two
conditions imply that a homogenous series should be free from both trend and jJump components;
therefore, homogeneity is enforced at the beginning of an analysis by detection and removal of
these components.

A jump component is defined as a sudden slippage (either negative or positive) in the
parameters of the historical data, such as in the means or standard deviations of the stream flow
data. A sudden increase is termed a positive jump, whereas a sudden decrease is termed a
negative jump. The jump component usually results from human activities; for example; the
construction of a dam, a reservoir, or an outflow canal upstream of the observation station.

A trend component is defined as a systematic and continuous change over an entire sample in
any parameter of the series. A trend can be negative or positive. It may be traced to human
causes (such as diversions of flow for irrigation), to natural causes (such as climate changes), or
to methodological causes (such as measurement inconsistencies or other systematic errors).

To check for the existence of these components, statistical test methods such as the (t-test or
F-test) may be used to detect significant changes in means or standard deviations of two samples
at a desired percent probability level of significance. If those tests indicate significant changes,
an analyst concludes that the two samples are from different populations and a jump and/or trend
component exists. Trend components may also be detected by regression analysis and described
mathematically by means of polynomial functions. Yevjevich, 1972 maintains that the most
powerful method for testing homogeneity is carried out by using the split-sample approach.
Here, the entire sample is divided into two subsamples, and then means and standard deviations
for each subsample are calculated. These are then tested to ascertain whether their differences are
significantly nonzero at a 95% confidence level.

3.2 Analysis and Forecasting of ATATURK Recorded Data

Tests for homogeneity require that the data sample be divided into two subsamples. The
recorded inflow data at Ataturk dam from Oct.1961 to Sep.2009 were thus divided into two
subsamples; the first was 24 years long, spanning Oct.1961 to Sep.1984, while the second was
25 years long, spanning Oct.1985 to Sep.2009.

To remove non-homogeneity, Yevjevich, 1972 suggests fitting linear regression equations
to both annual averages and annual standard deviations according to the following equation:

Y(j,t) = Sd2 [ X(j,t) — M(j) ] /S(J) + AV2 (2)

where:

J,t =the annual and seasonal positions of observations, respectively,
Y = transformed series (homogeneous),

X= historical non-homogeneous series,
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Av, Sd,= the average and standard deviation of the second subsample, respectively,
Mgy . Sg = linear regression of annual historical mean and standard deviation

against years (The equations in the upper right corner in Figs. 1 and 2).
The trend component of the considered historical data is removed by applying Eq.(3):

_Y(j,1)- 912.595+2.8655% (i +//12) , 3)
YUN= 510332 377G+ i12)  ~oi+8l13s3

where:

J,t = the annual and seasonal positions of observations, respectively; the constants (813.3 and
199.1) m3/s are the overall mean and standard deviation of the second subseries, respectively
over the 25 years Oct.1985- Sep.2009.

The test is now repeated to check the existence of trend component by using [Y(j,t)] as
the new series for the whole dataset.

3.2.1 Detection and Removal of the Periodic Component

The correlogram is useful for the detection of the periodic component. If it reflects
periodicity, that means there is a periodic component in the series, otherwise there is not. The
serial correlation coefficients of the flow at Ataturk are calculated for lags (1 to 24), using the
expression given by Eq.(4).

UMDY+ - (Y D) Y G+ 0) (4)
r(k) = N -k

1

[ZT;YZ(D - Nl_k (Z?lkY(j))ZT {Z:‘lkw(j - Nl_k (ZJEKY(J' + k)ﬂ

N

where:
r(k) = the lag (k) serial correlation coefficient,
N = sample size,
k =lag in time units, and
Y(j) =the homogeneous series value at time t.

For k=0, r (k) =1. In practice, k is limited by [N/4].

The non-parametric method may be used to remove the periodic component from the
hydrological time series as follows:

Zin = (Ygn—Avye ) / Sdyg (5)

where:
Z»n= the series free from periodic component at year (j) and month (t)
Y ;o= the homogeneous series
Avy(y = the sample average of Y(j,t) at month (t)
Sdyy= the sample standard deviation of Y(j,t) at month (t).

The resulting series, Z(j,t) is called a stochastic series. The application of Eq.(5) is also
called standardization as it gives a series [Z(j,t)] with zero mean and unit variance . This series
contains a dependent part which may be represented by an autoregressive model ,AR(p), moving
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average model , MA(Q), or an autoregressive moving average model of higher order , ARMA(p,
g), and an independent part that can only be described by some probability distribution function.
3.2.2 Data Normalization

Box and Cox transformation has been used to transform the series by applying Egs. (6)
and (7).

Z'=(Z"-1)x when A%0 (6)
and Z" =log(2) when A=0 (7)
where (1) is the transformation coefficient.

The value of the parameter (A ) is found by choosing random values between (-1 to 1)
with steps 0.1 and computing the corresponding Cs and Ck values of the transformed series. For
normally-distributed data, Cs=0 and Ck~3.

Where Cs = coefficient of skewness.
Ck = coefficient of kurtosis.

3.3 The Univariate Stochastic Model

The basis of the Box-Jenkins approach for modeling time series consists of three phases:
identification, estimation and testing, and application. These three basic stages have been
adopted for univariate model building. The input of this analysis is the stochastic series [Z(j,1)]

and the output is the independent stochastic component (5 p,t).

3.4 Model Identification

The principal tools of model identification are the behavior of the autocorrelation
function (ACF) coupled with that of the partial autocorrelation function (PACF).
Values of ACF that fall outside the 95% confidence level were significantly different from zero
at the 5% level; the lower and upper limits were found by:

~1-1.96[Nj -k —2]**

Lower Confidence Limit = - 8
Nj—k-1 ®)
: o —1+1.96[Nj -k —2]*°
Upper Confidence Limit = il 96[ J ] 9)
Nj—k-1
Where the value 1.96 is the z-tabulated under the normal curve and Nj is the sample size.
3.5 Autoregressive Model [AR(p)]
The general form of this linear model is:
Ept =P« akt - Eptk+  Ogr. ¢ pi (10)

where:
p = the degree of model.
Ept = the dependent stochastic component.
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&t = the independent stochastic component at year (t) and month (p).
akt and O the model parameters.

Yevjevich, 1972 suggests a simplified practical method to express the goodness of fit of
an autoregressive model by the determination coefficients (Dj, i=1,2,3,...), which represent the
percentage of the total variance of (E,:) explained by the ith order term of an autoregressive
equation. The remaining portion of this variance is explained by the (6 &1 term. The

criterion used is as follows: the explanatory power of the (i+1)th order term must exceed that of
the ith order term by at least a chosen threshold A D for the higher order model to be favored.
Said another way, if the difference between the percentage of variance explained by the (i+1)th
and ith order terms of the model, i.e.,(Di+1 — Dj), is less than A D , then the model order (p)
taken equal to (i). A D is usually set at 0.01, i.e., one percent of the total variance of (Ep;).It is

expected that the degree of the model (p) will not exceed three; therefore, the determination
coefficients Dy, D,, and Ds, are typically the only ones calculated. The equations of Yevjevich,
1972 used are:

Di=r (11)

2 2 2
rer2’-2rir2
D2 = . (12)
1-

2 2 2 3 2.2 2 2 4 4 2.2
Dy L2 T3 210132 2k rs- 2’ re- Arirars- 't 2t s 13)
3—
1- 2r°- r2°+ 21112

and the order of the model may be found through using the following steps:
1. if D2- Di<DD and Ds- Di< 2DD then p=1
2. if D2- Di>DD and Ds- D2< DD then p=2
3. if D2- Di>DD and Ds- D2> DD then p=3

where r1, 12, and r3 are the serial correlation coefficients for lags 1, 2, and 3, respectively.
From these results, it can be seen that a first order autoregressive model, AR(1), fits the series,
since higher degree models do not account for an increase of the explained variance of 1% or
more over that explained by the first order model.

3.6 MARKOV Model (Autoregressive Model) [AR(P)]

This model describes the dependence in a hydrologic stochastic series (Ep ) by assuming
that each value (Ep; ) is the combined effect of previous values plus an independent stochastic
component ( &yt ), which occurs at the same time of occurrence of (Ep: ) . The independent
stochastic series (p,t ) is a series of random numbers usually with zero mean and unit variance .
The formulation of this model is given as, Makridakis et al., 1998:

Ep,t = alEp,t—l+s Zp,l (14)
Where
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A~ r.oa.Tnrn (15)
S :1[1- ]/'12 (16)

3.7 Diagnostic Checking

Diagnostic checking means statistically verifying the adequacy of the formulated model.
For this checking, the residual series is examined for any lack of randomness.

The effect of using AR (1) may be tested by finding whether the model satisfactorily
removes the dependence from the stochastic variables (Ep: ), i.€., whether the resulting (p ) can
be considered independent at a 95% confidence level. The independent stochastic series ({p,t) is
found from Eq.(17) with a;=r;=0.63 as follows:

zoi =(E,.- aE,.) '\ a (7)

To test the independence of the resulting (§« ) series, the ACF and PACF of this
component are computed up to lag (24).

3. 8 Verification of the Model

To verify the model, 10 new sets of time series were generated. The generation procedure
for the first order autoregressive model, AR(1), can be regarded as reversing the analysis
procedure with slight differences, as shown by the following steps:

1. Generate the independent stochastic component (jr) using a pseudo-random number

generator.
2. Generate the dependent stochastic component (E ) using:
Ein=aE +\/1‘75 z(@n (18)
3. Apply the inverse power transformation:
v(.0)=(1*EG.o+1)Y (19)

4. Standardize the new series using the monthly mean MY ¢ and monthly standard deviation
SY at month (t):

Ytij = (Yan—MY) / Sy (20)

o

Calculate the normalized flow series X(j,t) using:
Xy =My + Yt * Sy (21)

Where X; = the generated flow of month (t) and year (j).

Each time series generated covers 50 years. A comparison between the properties of the
observed data and generated data is presented.

3.9 Generation of the Model
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The generation procedure for the first order autoregressive model follows the same steps
(1 to 5) used above in generating the verification models.

4. CALCULATIONS AND RESULTS

In creating the forecasting model for data generation, a split-sample approach — the most
powerful method for testing homogeneity — was adopted. Figs. 1 and 2 show the annual means
and annual standard deviations of these time-series. The lines crossing the data points in these
figures represent the averages of the annual means and standard deviations of the series. These
figures show that there is no jump in the annual flow data; however, the determination
coefficients reveal a trend component indicating non-homogeneity. Table 1 presents the results
of this split sample test for the recorded inflow data at the Ataturk dam. The result of testing the
jump by splitting the data are shown in Figs. 3 and 4, which present the annual mean and
standard deviations of the split data, showing that a jump component does not exist. The trend
component of the considered historical data is removed by applying Eq.(3).

The test is now repeated using [Y(j,t)] as the new series for the whole dataset; the results are
shown in Figs. 5 and 6 for the annual means and standard deviations, respectively. The
determination coefficients are very small for linear trends, indicating the absence of a trend
component. The slopes of the lines representing the linear regression fit are small enough to be
attributed to sample fluctuations. Therefore, the series may now be considered homogeneous,
I.e., free of jump and trend components .The results of a split-sample test of the data after
removing the jJump and trend components are shown in Table 2.

For the detection of the periodic component, the correlogram is useful. By using Eq.(4) the
serial correlation coefficients of the flow at Ataturk reservoir were calculated for lags (1 to 24).
The existence of an annual cycle is evident from the occurrence of peaks in the correlogram as
shown in Fig. 7. The high magnitude of the peak values shows that the deterministic periodic
components form a dominant part of the structure of monthly flow time series at Ataturk.

The non-parametric method is used to remove the periodic component from the hydrological
time series by using Eq.(5). The resulting series, Z(j,t), which is shown in Fig. 8, is called a
stochastic series. The application of Eq.(5) is also called standardization as it gives a series
[Z(j,t)] with zero mean and unit variance.

Transformation has been done to transform the series of Ataturk monthly inflows by
applying Egs. (6) and (7). Table 3 shows the value of (A) at which the series is normally
distributed together with other parameters. Fig. 9 shows the transformed series (or normalized
series). As the flow data after removing the periodic component included negative and positive
values, a value equal to 3 was added to all of the data to make the computation process easier.

The behavior of the autocorrelation function (ACF) coupled with that of the partial
autocorrelation function (PACF) are the principal tools of model identification.

Figs. 10 and 11 illustrate the behavior of the ACF and the PACF of the stochastic
component (or normalized flow data), [Z*(j,t)]. The lower and upper limits were found by using
Egs. (8) and (9).

From Figs. 10 and 11, it may be concluded that the autoregressive model [AR(1)] shows the
best fit for this data set, since the ACF shows an exponential decrease and the PACF shows a
cutoff after the first lag at [ca= 0] and [@ k,t =0 for £k=2,34,..]

The determination coefficients D;, D, and D3 which express the fit of an autoregressive
model were found by using, Yevjevich, 1972 method. The Egs. used are (11),(12), and (13) with
three steps to find the order of the model. The results of the application of the equations and
steps are shown below:

r=0.63 r,=0.41 rs = 0.37
D1 =0.39 D2 =0.39 D3: 0.41
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D, - D; =0.0004< 0.01
D3-D1=0.0179<0.02
D;-D,=0.0175>0.01

Diagnostic checking means statistically verifying the adequacy of the formulated model.
For this checking, the residual series is examined for any lack of randomness. The independent
stochastic series (Cp,t) is found from Eq. (17) with a;=r,=0.63.

To test the independence of the resulting (§,« ) series, the ACF and PACF of this
component are computed up to lag (24) as shown in Figs. 12 and 13. The results show that all
computed values lie inside the 95% confidence range; therefore, the series can be considered to
exhibit a white noise term. Hence the diagnostic check on the AR(1)model indicates that it is
verifiably adequate.

For the verification of the model, 10 new sets of time series were generated. The generation
procedure for the first order autoregressive model, AR(1), can be regarded as reversing the
analysis procedure with slight differences by using the five steps and the Egs. (18) through (21).

Each time series generated covers 50 years. A comparison between the properties of the
observed and generated data is presented in Table 4. It can be seen that the total mean flow and
total standard deviation in the generated data are the same as those in the observed data. It can
also be seen that maximum values in the generated flow data are larger than those in the
observed data, while the minimum values in the generated data are less than those in the
observed data.

Fig. 14 shows a comparison between the monthly mean flow of observed and generated
data. As the two coincide, the conclusion can be made that the AR(1) model is perfectly fitted to
the observed data.

The generation procedure for the first order autoregressive model follows the same steps
(1 to 5) used above in generating the verification models. Ten sets of data were generated for
stream flow at Ataturk using the autoregressive model AR(1). Each set was 100 years long. The
properties of the generated monthly stream flow series were compared with those of the observed
series.

Table 5 shows the general properties of the generated sequences. The model is capable of
preserving the general means characteristics of the original series (Av), and standard deviation
(S.D.).The skewness coefficient (Cs) and the kurtosis coefficient (Ck) are almost preserved.

Table 6 shows the monthly means of the generated monthly stream flow data series. The
tabulated results clearly indicate that the AR(1) model preserved with a high degree of accuracy
the basic statistical characteristics of the recorded data. All the monthly means of the generated
data pass the (t-test) at the 95% confidence level. Fig. 16 shows that the monthly means of the
generated and observed data are the same.

Table 7 and Fig. 17 show the monthly standard deviation of the generated data and
observed data.

5. CONCLUSIONS

The negative trend in the historical monthly inflow data may due to natural reasons such as
dry seasons or to man made reasons such as construction of a new dam on the river or another
hydraulic structure .

From Tables 4 through 7 it can be concluded that the univariate autoregressive model of
order one [AR (1)] with constant parameters model accurately reproduced the means, standard
deviations, and skewness coefficients observed in the generated records forecast at Ataturk
reservoir.
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6. RECOMONDATIONS

e Handling of the uncertain behavior of hydrologic variables. Soft computing systems
like artificial neural networks (ANNS) or fuzzy inference system (FIS) models could
be applied to the historical inflow data used herein to produce alternative reservoir
inflow forecasts. The results using those forecasts could then be compared to the
results of this study.

e New researches that focus on the operation of Turkish and Syrian future projects
implementation on Tigris, Euphrates, Greater Zab and Less Zab River will be
required to determine the future inflow and salinity at Iragi borders.

e Optimization of the operation of all reservoirs in Iraq is necessary after operating

new reservoirs in Turkey.
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Annual Mean of Recorded Flow at Ataturk Dam
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Figure 1. Annual mean flow at Ataturk dam (Oct.1961- Sep.2009), for detecting
trend component.

Annual Standard Deviations of Recorded Inflow at
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Figure 2. Annual standard deviations of the recorded inflow at Ataturk dam for
(Oct.1961- Sep. 2009), for detecting trend component.

99



Number 3

Volume 22 March 2016

Journal of Engineering

Table 1. Result of split-sample test of the Ataturk Dam's monthly recorded inflow

(Oct.1961- Sep.2009).

Annual
Annual standard
Statistical Parameters Average deviati
(m¥/s) eviation
(m?3/s)
15t Period Number of years 24 24
(Oct.1961- Average (m?3/s) 870 764
Sep.1984) Standard deviation (m3/s) 213 217
2nd Period Number of years 25 25
(Oct.1985- Average (m?3/s) 813 672
Sep.2009) Standard deviation (m3/s) 192 199
t-calculate 0.975 1.546
t-table at 5% significance level 2.013 2.013
F- calculate 1.229 1.187
F-table at 5% significance level 2.014 2.003
Jump component (t-test) Not exist Not exist
Jump component (F- test) Not exist Not exist
Annual Mean Flow of the Ataturk Dam
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21,350 1 Mean1 =869.8 n e=TPeriod 1
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Figure 3.Annual means inflow at the Ataturk Dam (Oct.1961- Sep.2009).
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Annual Standard Deviation of Ataturk Dam
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Figure 4. Annual standard deviation of the monthly recorded inflow at Ataturk Dam
(Oct.1961- Sep.2009).

Table 2. Result of split-sample test of Ataturk dam’'s monthly recorded inflow after
removing trend component.

Annual
Annual standard
Statistical Parameters Average deviati
(m¥/s) eviation
(md/s)
1st Period Number of years 24 24
(Oct.1961- Average (m?3/s) 812 200
Sep.1984) Standard deviation (m3/s) 54 56
2nd Period Number of years 25 25
(Oct.1985- Average (m?3/s) 816 199
Sep.2009) Standard deviation(m3/s) 55 58
t-calculate 0.240 0.012
t-table at 5% significance level 2.013 2.013
F- calculate 1.041 1.070
F-table at 5% significance level 2.014 2.003
Jump component (t - test) Not exist Not exist
Jump component (F- test) Not exist Not exist
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Annual Mean Flow After Trend Removal
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Figure 5. Annual mean of recorded inflow at Ataturk Dam for Oct.1961- Sep.2009 after

removing the trend component.
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Figure 6 . Annual flow standard deviations of recorded inflow at the Ataturk Dam for

Oct.1961- Sep.2009 after removing the trend component.
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Figure 7. Serial correlation for Ataturk Dam's time series for monthly data after
removing jump and trend components.
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Figure 8. Ataturk correlogram for the mean monthly flow data after removing periodic
component.
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Table 3. Values of the statistical parameters of the recorded data and transformed data

series.
Series A Av. S.D. Cs Ck
Recorded data - 814 206 1.66 5.24
Transformed data 0.28 1.23 0.44 0.01 3.93

Monthly Recorded Inflow at Ataturk Dam After

Normalization
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Figure 9. Annual mean flow at the Ataturk Dam after normalization.
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normalization.

104




Number 3 Volume 22 March 2016 Journal of Engineering

0.7000

0.6000

0.5000

0.4000

0.3000

0.2000

0.1000

Serial Correlation r(k)

0.0000

-0.1000

-0.2000

Partial Autocorrelation Function PACF

e Upper limit
Lower limit

= Partial autocorrelation function

4 b 8 10 12 14 16 18 20

N~

22 21

Lag K

Figure 11. The Partial Autocorrelation Function of monthly recorded inflow of Ataturk

Dam after normalization.
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Figure 13. Partial Autocorrelation Function of Ataturk dam for the independent
stochastic component obtained by AR(1) model

Table 4. Comparison between the general properties of the observed data and the generated data
by AR(1) model for verification.

Series Set | Meanm?/s ;E/)S Cs Cx I\rfgl); I\rﬂ;?s
Observed 813.61 | 20558 | 1.66 524 | 1621.56 | 637.88
Generated 1 81361 | 20559 | 1.77 6.16 | 1766.82 | 620.12
Generated 2 813.61 | 20559 | 1.78 6.26 | 1784.71 | 615.57
Generated 3 813.61 | 20559 | 1.79 6.27 | 1844.67 | 608.82
Generated 4 813.61 | 205.59 1.78 6.09 | 1761.47 | 626.54
Generated 5 81361 | 20559 | 1.81 6.64 | 1954.09 | 603.88
Generated 6 813.61 | 205.59 1.71 5.69 | 1688.39 | 604.54
Generated 7 813.61 | 205.59 1.86 7.03 | 2030.68 | 633.04
Generated 8 813.61 | 20559 1.83 6.65 | 1891.71 | 604.57
Generated 9 813.61 | 205.59 1.80 6.32 | 1806.60 | 613.84
Generated 10 813.61 | 205.59 1.95 8.01 | 210959 | 616.23
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Monthly Mean Flow

1400.00
1 —#— Observed Data
1200.00 A ¢ Generated data
=
o J
S 1000.00
= i
=
S 800.00 ]
= ]
-
o
2 :
o~ 600.00 4
=) i
400.00 -
1 2 3 4 5 6 7 8 9 10 11 12
Month

Figure 14. Comparison between the monthly averages of the observed data and the data

generated by AR (1) model for verification
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Figure 15. Comparison between the monthly standard deviations of observed
and generated data by model AR (1) for verification.
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Table 5. Comparison between the general properties of the observed data and the
generated data by AR(1) model.

Series Set | Meanmd/s | S.D.m3/s Cs Ck |\n/|1§1/>; '\rr/:;?s
Observed --- 813.62 205.58 1.66 5.24 1621.56 637.88
Generated 1 813.62 205.75 1.86 6.82 2017.45 615.12
Generated 2 813.62 205.75 1.89 7.26 2029.42 614.70
Generated 3 813.62 205.75 1.83 6.64 1912.29 612.04
Generated 4 813.62 205.75 1.82 6.55 1935.01 613.31
Generated 5 813.62 205.75 181 6.42 1816.65 614.63
Generated 6 813.62 205.75 1.80 6.45 1881.28 605.78
Generated 7 813.62 205.75 1.85 6.88 1993.83 623.58
Generated 8 813.62 205.75 1.78 6.23 1845.81 601.33
Generated 9 813.62 205.75 1.75 5.93 1767.78 619.12
Generated 10 813.62 205.75 1.83 6.77 2051.41 611.11
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Figure 16. Comparison between the monthly averages of the observed data and the
data generated by AR(1) model.
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Table 6. Comparison between the monthly averages of the observed data and the
data generated by AR(1) model (m?/s).

Series Oct Nov Dec Jan Feb. Mar Apr May Jun Jul Aug Sep
Obse. | 661.75 | 724.86 | 762.52 | 758.64 | 765.31 | 870.79 | 1207.67 | 1166.83 | 832.92 | 694.42 | 662.98 | 654.66
Gen.l | 661.75 | 724.86 | 762.52 | 758.64 | 765.31 | 870.79 | 1207.67 | 1166.83 | 832.92 | 694.42 | 662.98 | 654.66
Gen.2 | 661.75 | 724.86 | 762.52 | 758.64 | 765.31 | 870.79 | 1207.67 | 1166.83 | 832.92 | 694.42 | 662.98 | 654.66
Gen.3 | 661.75 | 724.86 | 762.52 | 758.64 | 765.31 | 870.79 | 1207.67 | 1166.83 | 832.92 | 694.42 | 662.98 | 654.66
Gen.4 | 661.75 | 724.86 | 762.52 | 758.64 | 765.31 | 870.79 | 1207.67 | 1166.83 | 832.92 | 694.42 | 662.98 | 654.66
Gen.5 | 661.75 | 724.86 | 762.52 | 758.64 | 765.31 | 870.79 | 1207.67 | 1166.83 | 832.92 | 694.42 | 662.98 | 654.66
Gen.6 | 661.75 | 724.86 | 762.52 | 758.64 | 765.31 | 870.79 | 1207.67 | 1166.83 | 832.92 | 694.42 | 662.98 | 654.66
Gen.7 | 661.75 | 724.86 | 762.52 | 758.64 | 765.31 | 870.79 | 1207.67 | 1166.83 | 832.92 | 694.42 | 662.98 | 654.66
Gen.8 | 661.75 | 724.86 | 762.52 | 758.64 | 765.31 | 870.79 | 1207.67 | 1166.83 | 832.92 | 694.42 | 662.98 | 654.66
Gen.9 | 661.75 | 724.86 | 762.52 | 758.64 | 765.31 | 870.79 | 1207.67 | 1166.83 | 832.92 | 694.42 | 662.98 | 654.66
Gen.10 | 661.75 | 724.86 | 762.52 | 758.64 | 765.31 | 870.79 | 1207.67 | 1166.83 | 832.92 | 694.42 | 662.98 | 654.66
Table 7. Comparison between the monthly standard deviations of the observed data
and the data generated by AR(1) model (m?/s).
Series | Oct | Nov | Dec | Jan | Feb. | Mar Apr May | Jun | Jul | Aug | Sep
Obse. | 20.88 | 104.20 | 95.93 | 87.42 | 71.24 | 103.03 | 175.76 | 197.22 | 98.25 | 27.52 | 6.22 | 3.59
Gen.1 | 20.88 | 104.20 | 95.93 | 87.42 | 71.24 | 103.03 | 175.76 | 197.22 | 98.25 | 27.52 | 6.22 | 3.59
Gen.2 | 20.88 | 104.20 | 95.93 | 87.42 | 71.24 | 103.03 | 175.76 | 197.22 | 98.25 | 27.52 | 6.22 | 3.59
Gen.3 | 20.88 | 104.20 | 95.93 | 87.42 | 71.24 | 103.03 | 175.76 | 197.22 | 98.25 | 27.52 | 6.22 | 3.59
Gen.4 | 20.88 | 104.20 | 95.93 | 87.42 | 71.24 | 103.03 | 175.76 | 197.22 | 98.25 | 27.52 | 6.22 | 3.59
Gen.5 | 20.88 | 104.20 | 95.93 | 87.42 | 71.24 | 103.03 | 175.76 | 197.22 | 98.25 | 27.52 | 6.22 | 3.59
Gen.6 | 20.88 | 104.20 | 95.93 | 87.42 | 71.24 | 103.03 | 175.76 | 197.22 | 98.25 | 27.52 | 6.22 | 3.59
Gen.7 | 20.88 | 104.20 | 95.93 | 87.42 | 71.24 | 103.03 | 175.76 | 197.22 | 98.25 | 27.52 | 6.22 | 3.59
Gen.8 | 20.88 | 104.20 | 95.93 | 87.42 | 71.24 | 103.03 | 175.76 | 197.22 | 98.25 | 27.52 | 6.22 | 3.59
Gen.9 | 20.88 | 104.20 | 95.93 | 87.42 | 71.24 | 103.03 | 175.76 | 197.22 | 98.25 | 27.52 | 6.22 | 3.59
Gen.10 | 20.88 | 104.20 | 95.93 | 87.42 | 71.24 | 103.03 | 175.76 | 197.22 | 98.25 | 27.52 | 6.22 | 3.59
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Figure 17. Comparison between the monthly standard deviations of the observed data and
the data generated by AR(1) model.
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ABSTRACT

Among all the common mechanical transmission elements, gears still playing the most
dominant role especially in the heavy duty works offering extraordinary performance under
extreme conditions and that the cause behind the extensive researches concentrating on the
enhancement of its durability to do its job as well as possible. Contact stress distribution within
the teeth domain is considered as one of the most effective parameters characterizing gear life,
performance, efficiency, and application so that it has been well sought for formal gear profiles
and paid a lot of attention for moderate tooth shapes. The aim of this work is to investigate the
effect of pressure angle, speed ratio, and correction factor on the maximum contact and bending
stress value and principal stresses distribution for symmetric and asymmetric spur gear. The
analytical investigation adopted Hertz equations to find the contact stress value, distribution, and
the contact zone width while the numerical part depends on Ansys software version 15, as a FE
solver with Lagrange and penalty contact algorithm. The most fruitful points to be noticed are
that the increasing of pressure angle and speed ratio trends to minimize all the induced stresses
for the classical gears and the altered teeth shape with larger loaded side pressure angle than the
unloaded side one behave better than the symmetric teeth concerning the stress reduction.

Key words: symmetric and asymmetric spur gear, contact stress.
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1. INTRODUCTION

Gears have been focused on as the prime power transmission mechanical elements regarding
durable and superior stress and vibration related performance. The confidence of any mechanical
system is austerely related to the survival of its components under the working environment
conditions such as contact, bending, and thermal stresses, vibration, fatigue and so on. The
requirements placed on gear design technology are constantly increasing and need new technical
solutions which are mainly related to the gear teeth shape altering aiming to reach the optimum
geometrical combination that reduces the induced teeth contact and bending stresses o that, spur
gear has an extensive studies regarding mathematical representation, manufacturing,
transmission errors, stress analysis, wear, dynamic behavior, efficiency , and performance etc.

The most well known formulations addressing the problem of gear stresses ,Lewis
equation for fillet stresses and Hertz equation for contact stresses, are derived for standard tooth
profiles and show some shortage to come up with the nowadays gear design tools and
manufacturing facilities which enable designer to innovate gears like never known before.
Aiming to fit modern industry needs researchers, societies and companies still developing these
formulations, and the latest formula for bending stress is M.Q. Abdullah equation, Abdullah,
2012, and AGMA equation for contact stress, Slogén, 2013.

It has been found that the contact stress and wear rate are expressing each other because of
the intensity of contact stress play an important role in quantifying the amount of wear and vice
versa the amount of wear change the involute profile by a certain distribution and lead to
increase the induced contact stress with some improvements on the transmission smoothness
Farhan Muhammad et.al, 2015. This study is focusing on the contact stress and the induced
principal stresses within the tooth subsurface as the base of tooth shape optimization and
simulates the studied cases numerically to compare with the mathematical results and then
adopted to verify the nonstandard teeth profile results.

2. SLIDING BEHAVIOR

Pinion and gear push each other and transmit power depending on the sliding and rolling
actions during the period of engagement. The maximum sliding action occurs at the tip and base
of tooth regions and accompanied by heat generation, wear development, and power loss but it is
unavoidable action and necessary to sustain the successive engagement of teeth. Rolling action is
dominant at pitch point and accompanied by high pressure intensity without heat generation or
wear setup. In general the larger sliding distance the greater wear rate and the lower vibration. It
is often required to find the amount of the sliding velocity which has got a direct bearing on the
amount of wear, Maitra, 2001. The relative sliding velocity is expressed as follows.

Sy = Sq X (W1 — W) 1)

Where w,and w, are the angular speed of pinion and gear respectively, sq is the relative
sliding distance.

Sd max = \/Ralz - Rblz + \/Razz - szz - (Rpl + sz) X Slna (2)
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Where Ra, , are the gear and pinion addendum radii, Rb; , are the gear and pinion base radii,
R,1,, are gear and pinion pitch radii, and o is the pressure angle.

The distribution of sliding distance and velocity is linear and identical for the flank and
face portions of uncorrected tooth profiles unlike its counterpart, it is linear but with larger value
for addendum than the dedendum part.

The load share between the successive teeth indicates the gear load carrying capacity
which could be expressed in terms of contact ratio (CR). Higher contact ratio means larger
number of gear teeth contributing power transmission leading to elongate gear life and generally
it is ranging from 1.2 to 1.6 for standard applications. Working contact ratio is less than the
design one due to mounting and assembly errors and that increases the vibration and coarsens the
transmission process, Tharmakulasingam, 2009.

CR = Sd max (3)

mm

Where CR is the contact ratio and m is the module.

3. HERTZ CONTACT STRESS

Due to its high intensity value compared to other stresses induced in gear teeth, contact
stress has been paid a lot of attention in the design process to be the deciding factor for the
determination of the requisite dimensions of gears aiming to minimize its maximum value as
possible to be less than the allowable value and rearrange its distribution. In 1881 Heinrich Hertz
derived his famous equation to calculate the induced contact stress between two elastic cylinders.
Hertz theory assumed that the surfaces are continuous, smooth, nonconforming, frictionless, the
size of the contact area is small compared to the size of the bodies, i.e., the strains associated
with the deformations are small, each solid can be considered to behave as an elastic half-space
in the vicinity of the contact zone, Bhushan, 2001.

The main shortages of this equation in gearing field are that the radius of tooth profile is
not constant and it is a permanent calculation error, and the contact stress becomes infinite at the
base of the profile so that it is not applicable at this point. This equation is the most dependable
and accurate ever known approach simulates contact mechanism realistically and has been dealt
with as the dominant equation over 100 years, where the contacting zone half width is see Fig.1,
Johnson 1985

1-v1% | 1-v22
. 4F( Fy + £, (4)
ﬂb(1+1)

ri Ty

And the maximum contact pressure is
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Sub. Eg. (4) in Eq. (5) the maximum contact stress will be

The principal stresses under the contacting surfaces is expressed by
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(5)

(6)

(7)

(8)

©)

(10)

any discontinuity within the contacting surfaces or sharp edges rising up the interacting pressure
rapidly which is existed in case of undercut, if the teeth number is lower than the minimum

number as in Eq.(11), and at the tip of any tooth without tip modification.

2

Zin = ———
M (sina)?
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4. INTERFERING AND TOOTH CORRECTION

The transmitted power and available space are the functional criteria for choosing gear
system size which is characterized by module and tooth number. Beyond the minimum teeth
number the tip of cutting tool will Remove the material from the tooth fillet region, layer after
layer during the reciprocating process between the cuter and gear blank modifying the
manufactured gears to have jam free engagement action, making the gear fillet and involute
shape no more in tangency but intersect each other, Litvin, 2004. This material removal has
some disadvantages such as weakening the tooth bending strength, defeat the involute profile to
be shorter than its normal length, and the intersecting point of involute profile with the trochoidal
fillet shape produces a sharp edge along the face width produce a high stress concentration zone.
One of the most beneficial solutions to overcome the undercut problem is addendum
modification by some correction factor leading to some geometrical improvements like
increasing weakest section tooth width, preventing the sudden change in tooth profile and
emergence of sharp edge, enlarging the pressure angle, and increasing load carrying capacity see
Fig. 2. The amount of addendum correction factor is obeyed to

x = Zmin—Z (12)

Zm

5. CASE STUDY

The effect of pressure angle for symmetric and asymmetric spur gear on the induced
contact stress is sought numerically and analytically. The FEM has been adopted to build up the
3-D model and analyzed the contact stress using Ansys software version 15. Hertz equation is
modified to take into account the correction factor, the adjusted radius of curvature, and the
working pressure angle affected by the correction are;

2(x1+x
tanac—aczwtana+tana—a (13)
Zl+ZZ
cosa
Toc = 1 14
PP cosa, (14)

Eq.(7) must be solved numerically to get the working pressure angle equivalent to the summation
of pinion and gear correction factors to evaluate the corrected pitch radius so that Eq.(4) will be

( LS )
0. = [0.35 xR et i (15)

(75,

The general dimensions and properties of the sought models are shown in Table 1, the range of
pressure angles are shown in Table 2, the applied normal load have been chosen to be 100 N
and contact position is the pitch point.
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7. RESULTS AND DISCUSSIONS

7.1 Analytical Results

Hertz contact stress equation have been applied directly to the proposed studied cases of
20° and 25°%ressure angles but the 14.5° pressure angle needs some addition calculation because
the minimum teeth number for such pressure angle is 32 tooth according to Eq. (11) while the
current teeth number is 14 tooth i.e. gear suffers of large undercut depending upon Eq. (12) the
correction factor is (0.56 m,) Fig.2 shows the corrected and uncorrected spur gear teeth. The
radius of curvature at the pitch point equal to (49 *sin a) but in the case of corrected gear the
pitch point radius and the working pressure will change and could be calculated according to Eq.
(13) and Eq. (14). Table 3 represents the correction amount with its working pressure angles and
corrected pitch radii.

Fig.3 relates the change in the contact zone half width distance to the variation of the
pressure angle and the speed ratio. It is distinct that the increasing of the pressure angle and
speed ratio plays a good role on the increasing of the contact area, because both increase the
radius of curvature.

Fig.4 shows the effect of pressure angle on the contact stress, for different speed ratios, it
is clear that the increasing of the pressure angle, by 20°, reduced the contact stress by about 34%,
while tripling the speed ratio decreases the contact stress by about 22%, and the cause of that is
the larger angle and speed ratio means a larger contact radius of curvature leading to increase the
contact zone width, i.e. the same load spread over a larger area. The other remark to be noticed is
that the pressure angle sustains its effect on the contact stress but the speed ratio effect
diminishes or becomes worthless after number 5 especially it is not an optional choice to enlarge
the gear size by this magnitude.

Figs. 5.6,7 and 8 clarify how such high intensity contact stress flow or distributed within
the tooth subsurface along the contacting teeth normal for 14.5°, 20°, 25° and 30° pressure angle
gear teeth respectively. The three principal stresses and the resulting von mises stresses have
been converted to be dimensionless values, divided by the max. contact stress of the 14.5° gear
tooth i.e. 771 MPa.

Results emphasized the following facts

e The stress falls down or dissipated within (1 mm) beneath the tooth surface to be lower
than one tenth of its max value, for the max. principal stresses and lower for the others.

e The first and second principal stresses equal to the maximum contact stress at the surface
but the von mises stress is 0.6 of its value.

e The results confirm that the increasing of the pressure angle play a positive role on the
reduction of all the induced stresses.

7.2 Finite Element Results

The different gear pairs have been modeled by Ansys software version 15 to investigate the
induced static stresses and the pressure distribution within the contact area, along the contact
zone half width distance and the gear face width. The models have been meshed using solid
elements type brick with 20 nodes and contact elements 170 for the contact surface and 174 for
the target surface, the material was chosen to be isotropic with linear behavior.
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Fig.9.a, b show the contact stress distribution along the contact zone width and face width, it is
obvious that the stress distribution matching that of Eq. (7) along the minor contact axis i.e.
along the half contact zone distance a, but it refuted the assumption of Hertz theory about the
contact stress distribution constancy along the contacting surfaces face width, such behavior is
interpreted by the free end deformation trend which works as a stress relief regions. Despite this
positive effect of these regions but it resize the face width to withstand against the external loads
by about 0.8 of its real value and this is the counterpart negative effect, an evidence of such
phenomenon is the pitting failure accurse faraway the tooth ends.

Fig. 10 represents the max. principal stress value and distribution for 14.5° pressure angel
teeth corrected by 0.1m, and Fig.10,b corrected by 0.5m,, the max contact stress has been
(771MPa ) for the uncorrected gear as shown in Fig.9 and reduced by about 21% due to
correction factor, the modification of tooth profile by 0.56m, for gear and pinion increase the
pressure angle to be 23.97° instead of 14.5° and the pitch radius to be 51.9 mm instead of 49 mm
and that lead to increasing the curvature radius, which is (Rp*sin a), to be 21.1 mm instead of
12.27 mm and that leads to increase the contact area by about 30% according to Eq.(4) so that
the contact stress reduced.

Fig. 11 shows the bending stress distribution in the tension side bending zone affected by
the pressure angle for symmetric spur gear. Fig. 12 demonstrates the bending stress distribution
in the tension side bending zone for asymmetric spur gear with loaded side pressure angle of
14.5° pressure angle.

Fig.13 implies the effect of the unloaded side pressure angle variation on the max. contact
stress of 14.5°, 20°, and 25° P angle. It is evident that

¢ The increasing of the unloaded side pressure angle badly affected the max. induced contact
stress

e The loaded side pressure angle must be greater than the unloaded side one for lower
contact stress levels.

e The worst effect occurs for the gear of 14.5° loaded side pressure angle.

¢ The unloaded pressure angle role diminishes after some value for the different three cases.

The larger unloaded pressure angle means a larger mass added to the spur gear teeth to be
stiffer, leading to lower profile deformation at the contact point i.e. small contact zone area or
high load intensity.

Fig. 14 relates the max. bending stresses for loaded and unloaded side of 14.5° 20°, 25°
loaded side pressure angle with the variation of the unloaded side pressure angle. The following
remarks could be concluded

e The lower loaded pressure angle accompanied by the larger bending stress, due to the
increasing of the horizontal component of the applied load and decreasing of the tooth
weakest section thickness.

¢ In general the compression side bending stress is higher than its counterpart of the tension
side, due to the magnification of the bending compression side force by the vertical
component of the applied load.

e The unloaded side pressure angle has a significant role regarding the bending stress
reduction by control the weakest tooth thickness.
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Fig.15 compares the analytical and numerical max. contact stress results for symmetric teeth of
different pressure angles and shows a small discrepancy ranging between zero for 35° pressure
angle to 2.8% for 14.5° which refers to the reliable FE model and boundary conditions.

8. CONCLUSIONS
Based on the whole presented theoretical and numerical results and explanation the
following remarks could be concluded,;
1.The use of asymmetric spur gears, with lower unloaded side pressure angle than its
counterpart loaded side one, ensures low contact stress.
2.The higher pressure angle leads to lower contact and bending stress, with preservation of
the first conclusion content.
3.The max. 1% and 2™ principal stresses have the same value of the max. contact stress at the
contacting surfaces.
4.The unloaded side bending stress always prevails on that of the tension side.
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NOMENCLATURES

a= Contact zone half width, mm.

b= Face width, mm.

CR= Contact ratio.

E1 .= Gear and pinion modulus of elasticity, MPa.
F=Applied normal force, N.

m= Module, mm.

P=Contact pressure, MPa.

1= Gear and pinion profile radii at any contact point, mm.

Ra, ,= Gear and pinion addendum radii, mm.
Rb; ,= Gear and pinion base radii, mm.
R,1,,= Gear and pinion pitch radii, mm.

s,= Sliding velocity, mm/s.

s4= Sliding distance, mm.

x, .= Gear and pinion correction factor, mm.
Zmin=Min teeth number.

a= Pressure angle, degree

a.= Corrected pressure angle, degree.

v, .= Gear and pinion Poisson's ratio.

p1..= Gear and pinion radii of curvature, mm.
61.23= Maxrincipal stress, MPa.

o= Max. contact stress, MPa.

Journal of Engineering

Table 1. Dimensions and material properties, of studied models.

Pinion Gear
Teeth number 14 14
Module (mm) 7
Correction factor (mm) 0.5*m
Face width (mm) 1
Height (mm) 2.25*m
Fillet radius (mm) 0.25*m
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Modulus of elasticity GN/m* 200

Poison's ratio 0.3

Table 2. Rang of pressure angles.

Loaded side pressure angle (degree) 14.5 20 25
14.5 14.5 14.5

18 18 18

Unloaded side pressure angle (degree) 20 20 20

22 22 22

25 25 25

28 28 28

Table 3. Corrected profile pressure angle and pitch radius for 14.5° pressure angle gear.

Correction factor (x) 0 0.1 0.2 0.3 0.4 0.5 0.56

;Ar:glrg'”g Pressure | 145 | 17.13052 | 19.10514 | 20.71728 | 22.09404 | 23.30346 | 23.9666

Corrected pitch radius | 49 49.64152 | 50.20452 | 50.71885 | 51.19888 | 51.65295 | 51.91523

4—l— Addendum radius

< L

Face width (b)

Contact zone

Pitch circle

Base circle

Dedendum circle

’7 Rim thickness
4

Figure 1. Geometry and main dimensions of spur gear teeth, a=20°, m,=7 mm, Z=10 teeth.
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Figure 2. The effect of correction factor on the tooth shape, both have 7mm module and 14
teeth for gear and pinion . (a) Uncorrected teeth, (b) Corrected teeth by 0.5 correction factor.
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Figure 10. Max. principal stress for 14.5° pressure angle involute profile.
(@) Corrected by 0.1 m,. (b) corrected by 0.5 m,,
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Figure 11 Max. bending stress for symmetric spur gear with (a) 20° pressure angle (b)
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Figure 12. Max. bending stress for asymmetric spur gear with 14.5° loaded side and (a)
20° unloaded pressure angle (b) 25° unloaded pressure angle.
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ABSTRACT

The importance of the construction sector and its Great role in the provision of services and

infrastructure, reduce poverty, improve living conditions and improve the economic situation
in the country, impose attention to the way in which the projects implemented for its
improvement and to get successful projects. The objective of this research was to determine
the criteria for success as well as critical success and failure factors that have a significant
impact on project success. A selected 75 engineer (department managers, project managers
and engineers) are asked to fill the questionnaire form, Sixty-seven valid questionnaire forms
were analyzed statistically to get search results, which were as follows : Twelve critical
success factors, the most important factors of it were (“contractor financial efficiency ", "
security ,political , economic stability ", "the project manager competence™ and " Integration
and clarity of contract documents ") , thirteen critical failure factors, the most important factors
of it were (“corruption ", " external circumstances ", "Financial difficulties of owner)", and ten
success criteria , the most important criteria of it were (“"within allocated budget™ , " within

time period" , "Quality" ).

Key word: critical success factors, critical failure factors, success criteria and project .
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1. INTRODUCTION

The construction sector is one of the most important sectors in any country , it plays a
major role in providing buildings , public institutions, infrastructure, reduce poverty, improve
the pension status of the citizens, job creation, improve the environment, improve the
economic sector and other important matters offered by this sector . Despite the availability
of all the possibilities, experiences, factors and other things that lead to the success of
construction sector and projects that it offers, but the proportion of the failed projects is
relatively large in lIraq , project failure is common in all countries of the world, even
developed ones but in varying proportions, This failures proportion requires identification of
problems and imbalances suffered by this industry in addition to identification of factors that
will raise the success rate of Iragi construction industry projects, if the project is completed
within the agreed budget , on time and according to the desired quality, "the ‘golden
triangle™, the project considered successful , this is Far from reality. The construction
industry participants have to notice the critical success factors, along with ‘golden triangle’,
to ensure its continuity, Toor and Ogunlana, 2009. The work of the companies in the
construction sector is project-oriented, i.e., it is unique and has a known start and finish,
Zwikael, 2012. The difficulties and the obstacles facing the departments of organizations in
this sector could be minimizing the negative effects through the use of tools and construction
project management techniques. The proper usage of the project management tools in all
phases of the project, will ensures the smooth execution of project activities. Generally
research is divided into two parts, the first part is theoretical part and the second side is the
practical side, the theoretical part reviews projects and project management, failure and
success of the construction projects in addition to the critical factors for success and failure
and success criteria in the construction sector , The practical side In it, will identify critical
factors and criteria for success through case studies and direct meetings with specialists in the
field of construction in addition to the closed and open questionnaire and also extract a
mathematical model to calculate the the project success index .

2. PROJECT AND PROJECT MANAGEMENT

The project definition must be general to include examples of the organizational
activities wide variety of which the managers consider to be "the project functions.” and, it
should be narrow enough It is allows distinguish it from other projects , describe as "project-
oriented.” There are many definitions for the project, including:

1- The project is a human and nonhuman resources combination Integrates together in a
temporary organization for the purposes of achieve a specified objective, Kerzner ,2001 .

2- The project is a temporary endeavor undertaken to meet a unique objectives and goals
within a defined time frame, budget and scope, PMI, 2008.

3- The project is a succession of complex, unique, and connected activities having a goal
or purpose must be completed according to specification, within budget, and by a specific
time.

The project management can defined as, " the techniques, skills, tools, and knowledge
application to the project activities in order to meet the project requirements , PMI, 2008 and
turner ,1996, defined the project management " the competencies of different individuals
and grouping them together to facilitate access to achieve the project objectives and ensure
the project success". The project life cycle, is a logical sequence of the activities to
fulfillment the project’s goals, consist of five phases namely; (the Project Initiation, the
Project Planning, the Project Execution, the Monitoring and Controlling stage, and the
Project Closure) phases .The attention to details, proper documentation at each stage and the
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involvement of the key stakeholders ensures the success of the project. For example, the
setting of the scope and specifications of the project in the Initiation phase enables the project
manager and sponsor to be clear with the purpose, budget, expected outcomes, time frame
and deliverables of the project. And also, the experience shows that getting the things right at
the Planning phase is very critical for project success and the project outcomes sustainability.
The Planning phase ties into the project Execution phase during which there should be a
constant Monitoring and Controlling of all of the project aspects. The good monitoring,
control and evaluation of the projects during its execution enhance the project success rate.
The project's success is achieved by the integration of the role of all parties in all phases of
the project from the idea stage to the operating and Maintenance stage.

3. PROJECT SUCCESS

Success can be defined as "the degree to which the project objectives and expectations
are met" It always viewed from different perspectives. Indeed, the measuring of the project
success is a complex task since the success is intangible and hardly be agreed upon. In the
project management literature the project success concept had not been well-defined
properly. Shenhar and Wideman, 2000, Indicated that there is no integrated understanding
on the idea of success in either the business or project management literature. DeWit, 1988,
distinguished between the project success, which measured against the overall goals of the
project, and the project management success which measured against the traditional and
widespread measures of performance against quality, time and cost. There are still too many
examples of projects exceeding their budgets, running late, or failing to meet other objectives.
it is very important, before any discussion of the factors leading to a successful project, to
describe exactly what is a "successful, in its simplest terms, the project success can be
thought of as the incorporating of four basic facets, if it :

1- Comes in on-budget (monetary criterion).

2- Comes in on-schedule (time criterion).

3- Is used and accepted by the clients and users for whom the project was intended (Client
satisfaction criterion).

4- Achieves basically all the objectives originally set for it (effectiveness criterion).
Baccarini, 1999, introduced five maxims to measure project success regardless of the project
duration, size or scope which are; delivering of the product according to the customer needs;
delivering the quality that consistent with the price; delivering the project within the agreed
timeframe; delivering of the desired that the customer wishes; existing a system of conflict
resolution that is fair to the development team and the customer. The project usually targeted
for use by the client, either external or internal to the organization, its reasonable; therefore,
that any project implementation success assessment should include these five metrics.

3.1 Critical Success Factors

The certain factors that are more critical to the project success than others , are called
“critical success factors (CSFs)". term "critical success factors,” in the projects and the
management of projects, was used firstly by Rockart ,1981 , defined as " those factors
predicting success on projects ".the critical success factors are a group of project areas or
variables that are correlated to the project success strongly, and whose maximization or
minimization, will lead to project success. According to Russell and Jaselskis, 1992, the
critical success factors are a limited number of variables in which the satisfactory results will
ensure the successful competitive performance of the organization, department, or individual.
And they are the few important areas where things must go right for the business to be
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flourishing. If the results in these areas are not good, then the organization’s efforts will be
less than desired. Pinto and Slevin, 1987 , found a project model of ten CSFs they are:
training, scheduling, communications, feedbacks and reports, user reception, user consultant,
technical tasks, personnel (requirement, employment), senior manager support, fault
detection and Project mission. Frese and Sauter,2003, conclude that generally, the
(Schedule Control, Communications, good accountability, , Good Planning , Project
leadership and Governance, and Clear Responsibility ) are key areas of successful projects.
Which means that, the commitment and support from stakeholders, the clear project plan, and
a plan for risk management are the critical success factors for project management .Mbugua
et al., 1999 and Chan and Chan, 2004, identified five primary CSFs they are " project
management actions, external environment, project-related factors, human-related factors and
project procedures ". Abraham, 2003, identified seven CSFs they are " political
environment, employee/organizational enhancement, competitive strategy, economic
environment, process benchmarking, market analysis and technical application ". In 2004
Nguyen et al. identified five CSFs among twenty factors of the projects success: (Access to
resources, providing adequate financial resources, competent project manager, Commitment
to the project and competent project team).

3.2 Success Criteria
Criterion can be defined as "the principle or standard by which something can be judged or
decided", Moreover, the success criteria should be measureable and observable. There is a
clear difference between success criteria and success factors, the success criteria are measures
in comparison with it the project success or failure can be judge; while the success factors can
be defined as " those entered to the management systems result in directly or indirectly
project success, time, quality and cost “The Iron Triangle” perceived as the major criteria to
evaluate the success and performance of construction projects for a long time. Because of the
great development of knowledge and the change in the projects and project management,
these criteria is no longer sufficient to measure the success of the project, as in the project
success literature, the project success criteria also hardly agreed upon in literature. Lim and
Mohamed, 1999, modeled the project success measurement into a ‘micro viewpoint:
completion quality, completion safety, completion time, completion performance, completion
cost; and the macro-viewpoints: completion operation, completion satisfaction, completion
utility, completion time. Patanakul and Milosevic, 2009, grouped the success criteria into
three: (i) organizational perspective criteria: organizational learning and resource productivity
(i) project perspective criteria: time-to-market and customer satisfaction and (iii) personal
perspective criteria: personal growth and personal satisfaction. Sadeh et al.,2000 , measure
the project success from four dimensions:
1) The meeting of design goals,
2) The benefits to the user,
3) The developing organization benefit, and
4) The technological infrastructure benefit Shenhar et al., 1997, suggested four distinct
dimensions for project success measure: the project efficiency; preparing for the future;
business and direct success .Project consists of the integration efforts of a number of various
parties, each of these parties has its own criteria for the success of the project as follows :
1-Owner's criteria for measuring success: function for intended use (satisfy the users and
customers); on budget; on schedule; quality (workmanship, products); end result as
envisioned; return on investment (responsiveness to the audiences); aesthetically pleasing;
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minimize aggravation in producing a building and building must be marketable (image and
financial).

2-Designer’s criteria for measuring success: quality architectural product; satisfied client
(develop the potential to obtain repeated work); professional staff fulfillment (learn new
skills, gain experience); met design fee and profit goal; met the project schedule and budget;
marketable product/ process; easy to operate, constructible design; no "ghosts,” liability,
claims; socially accepted; well defined scope of work; and client pays (reliability).

3-Contractor's criteria for measuring success: profit; under estimated budget (savings
obtained for the owner and/or contractor); meet the schedule of (preconstruction,
construction, design); no claims (owners, subcontractors); safety; quality specification met or
exceeded; good sub-contractor buy out; client satisfaction (personal relationships); and
minimal or no surprises during the project executing.

3.3 Critical Failure Factors

The study of the failure factors is very significant because; the prevention is better than
remedial actions , and the elimination or reduction of the failure rate and a significant
increase in civil engineering projects' successful level will result in provision of good
infrastructures ;housing, bridges, roads, dams, railways and other. Contribute to providing
employment opportunities for youth and experts. a reduction in waste of materials, human
and fund, enhanced the socio-economic and physical development in the country. Project
failure may be defined as "the project which did not meet the cost, time, quality and scope
goals. Also, the project is a failure when it fails to persuading or meet the customer's
requirements and when it cannot get its planned targets. Chitkara, 2006, asserted that it is
common to see a project failing to achieve its mission, a very few projects get completed
within the original costs and in time. According to Chitkara 2006, 49% faced a time overrun
from 1 to 157 months and out of 351 projects, 56% had cost overrun (totally 20% cost),
sometimes projects like Boston’s Big Dig go 50, 60, 90, or more than 100 percent over
budget. The various causes of delays in Construction projects in Thailand were (unclear and
incomplete drawing, deficiencies between consultant and contractor, improper planning of
the sub-contractors and lack of sufficient sources.). Noulmanee, et al., 2004 , found that the
(supervision, unforeseen ground conditions, Poor site management, client initiated variations
and low speed of decision making ) were the five various failure reasons in construction
projects of Hong-Kong, , the " factors relate to the designers, site conditions, weather, user
changes, increase in quantity, economic conditions and late deliveries" , are the main project
delay factor as indicated by Ayman, 2000, in addition to the other endless reasons for non-
fulfillment of the project goals. The Failures can be by the unforeseen natural calamities like
natural disasters, floods and earthquakes. It can also result come from the deliberate attempts
made by the manipulators during the feasibility study stage by incorporating inaccurate cost
and time estimates with a view of secure business or start a project. These incorrect actions in
the feasibility study phase may lead to unrealistic objectives and thus to significant problems
during implementation.

4. RESEARCH METHODOLOGY
The success of the project cannot be achieved without identifying the critical success

factors, the critical failure factors in addition to the success criteria , Determine the criteria
for success is the first element in maximizing the the proportion of the project's success, these
criteria are the main goals that the management of organization and project have to ensure the
achievement of it , After that , the identifying of the factors that lead to of gain such criteria
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and make use of them in raising the the proportion of the project's success and the factors that
would prevent the achievement of these criteria to prevent their occurrence or minimize the
negative effects on the success of the project .In order to get these criteria and factors and
after studying the related literature, it has been extracted a number of factors and criteria and
divided into seven groups. a meetings and interviews were held with a number of project
managers, engineers and experts in the field of research who have the technical and scientific
expertise to find out the reasons, problems, obstacles and other things that lead to the failure
of projects in addition to identifying anything that might reduce or remove their adverse
effects, and to determine the criteria for success and the factors that lead to getting these
criteria. After the completion of this open questionnaire, a closed form questionnaire have
been prepared and presented to a number of experts to evaluate, straightened and improve to
the final form for submission it to the sample , Questionnaire was divided into two parts, the
first is comprised background questions about the respondents and In the second section the
experts were asked to rank the success factors groups and success factors in each group ,
failure factors and criteria according to their importance by a five-point Likert scale where 5:
totally agree, 4: partially agree, 3: indifferent, 2: partially disagree and 1: totally disagree,
Seventy-five questionnaire were distributed to the sample, sixty seven of them are valid and
are in below description of of the members of sample, followed by statistical analysis of the
answers by using the (SPSS) program

4.1 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 1 shows the respondents background.

4.2 ldentification of Critical Success and Failure Factors and Success Criteria
4.2.1 Success factors

In the beginning, the respondents have been asked to identify the ten most important
factors for the success of the project, then and from the careful study of the previous
literature, the ten most important factors from the respondents and the open questionnaire of
the CSFs were grouped under eight main categories. These include: (1) Procurement-related
Factors; (2) Project Management Factors;(3) Design team-related Factors; (4) Client-related
Factors; (5) Contractor-related factors; (6) external Environment-related Factors ; (7) Project
Manager-related Factors and (8) Project Manager-related Factors. Table 2 Reviews the
success factors, groups to which they belong, mean and standard deviation.
If the reliability coefficient above 0.7 it is considered acceptable Nunnally and Bernstein,
1994, the higher the Cronbach’s Alpha the better the reliability of the set of variables. The
Cronbach’s Alpha of success factors was computed at 0.865, Table 3. which indicates a high
level of internal consistency. As for the second condition, Kaiser-Meyer-Olkin (KMO) was
used to measure sampling adequacy in the use of factor analysis Sadeh et el., 2000. The
literature recommends that the KMO value should be greater than 0.50 if the sample size is
adequate Child, 1990. From the above result; the Kaiser-Meyer-Olkin Measure of Sampling
Adequacy has a value of more than 0.50 which is 0.575, this means that the sample size is
adequate for analysis. Table 4 shows the KMO analysis.
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4.2.2 Failure factors: Table 5 reviews the failure factors, mean and standard deviation,
Table 6 reviews the failure factors reliability analysis and Table 7 reviews the failure factors
KMO and Barlett’s Test.

4.2.3 Success criteria: Table 8 reviews the failure factors, mean and standard deviation,
Table 9 reviews the failure factors reliability analysis and Table 10 reviews the failure
factors KMO and Barlett’s Test.

5. MATHEMATICAL EQUATION

Which can calculate the degree of success of the project, the closer one of the project the
largest success, measuring the degree of success of the project can be divided into two main
sections, the first section using the effect of each of the factors of success and failure in the
design and implementation phases, the second section by using the criteria for success after
implementation phase as follows:

5.1 Design and Implementation Phase:

The Mathematical equation consists from the integration of the impact of critical success and
failure factors, as in Eq. (1):

PSI=} Y (Wcesn * Wefn) cSn * ¢ L (1)
Where:

PSI: project success index.

Sn: CSF, efficiency. Fn: CFF, efficiency.

Wecsn: relative weight of CSF,. Wcfn: relative weight of CFF,,.

5.2 Post Implementation Phase:

At this stage, after the completion of the project work is successful index calculation will
based on the efficiency of getting the criteria for success as shown in Eq.(2) :

PSI=> (WCn*Cn) 2)
Where:

Cn: success criteria n efficiency.

WCn: success criteria n relative weight.

6. ANALYSIS OF THE RESULTS

6.1 Success Factors: Critical success factors and its relative weights have been shown in the
Table 11. The extraction of relative weights of the factors was done by calculating the total
sum of the critical factors averages and then divides the average value of each factor on the
total to find out relative importance of each factor, and so on for success criteria and critical
failure factors.

6.2 Success Criteria: Success criteria and its relative weights have been shown in the Table

12.

6.3 Critical Failure Factors: Critical failure factors and its relative weights have been shown
in the Table 13.

7. CONCLUSIONS
Conclusions could summarize as follows:

1. The construction sector in Irag suffers from many problems and obvious defect
performance and a large part of this weakness is due to poor management performance and
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the lack of knowledge of the ethics of the construction project management application and
the right to it.

2- Most of the feasibility studies for government projects incorrect or non-existent
originally leading to the project or the building does not offer the purpose for which was
established.

3- Recent experience of the engineers and designers which will reflect negatively on the
performance.

4-Contracting methods characterized by a major corruption cases in terms of high prices
and lack of clarity in many of the paragraphs in addition to the fact that designs and contract
documents is not integrated which leads to a huge number of parts orders in government
projects which will reflect negatively on the administration and the costs of the projects.

5- Contracting is forwarded the basis of the lower cost tender which leads to that we
contract with inefficient companies and is a solid which will reflect negatively on the
performance.

6- The absence of proper planning for the implementation and funding of projects which
leads to hold the government huge sums of money (The project is implemented with funding
from more than one government department, leading to obtain a conflict of powers, which
reflects negatively on the performance) in addition to the lack of planning for cost operation
and future maintenance and requirements, which could lead to get a project cost of
implementation and sessile but the cost of maintenance and operation of high.

7- ldentifying CSF's is important as it allows firms to focus their efforts on building their
capabilities to meet the CSF's, assist in taking proactive measures for successful project
management of construction project and The finding will also be useful for effective
management for all type of construction projects (With the exception of some specialized
projects such as oil projects), thus helping to raise the overall level of productivity in
construction industry.

8-Success criteria that have been identified allows manager of departments and their staff
to focus on the factors that lead to raise the proportion of access to these standards as well as
the exclusion of the factors that impede access to these standards to achieve high success
rates for projects.

9- It is not the use of modern principles (or sustainability) in design, but in rare cases
leading to great wastage of money in addition to the lack of access to buildings do not fit with
the global development of civilization.

10- Weak in the experience of the committees overseeing the projects or restrict their
powers, especially the project manager and who has a very big role in the success of the
project structural as well as the nature of the Iraqi citizen and employee and all reflect
negatively on the performance in construction projects.

11- Non- transparency and corruption. The Sizable financial resources combined with slow
progress in strengthening the rule of law in Iraq have led to widespread corruption in both the
public and private economic sectors. These corrupt practices are substantially undermining
public confidence and support for a still fragile democratic government and diverting the
provision of resources to the poor and the most disadvantaged social groups.

8. RECOMMENDATIONS

1- Introduction of modern technology and patterns turnkey construction and modern
materials and the development of project management systems and the expansion of the
production of basic building materials to labs list Accordingly, as the new plants so as to
ensure the need With the actual development of the domestic market in quantity and quality
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and to link the import of construction materials policies in terms of quantity and quality and
the prices are not inconsistent with the development of domestic production and support
plans and the need The actual local market

2- A comprehensive review of the laws currently in place as the General Conditions of
Contract for Works of Civil Engineering two sections | and Il and other laws suffer from a
clear imbalance has a negative marking on the implementation of the projects in all stages

3- Adoption of the scientific basis of correct and accurate and fair in the classification of
contractors and their potential financial knowledge and adoption at the assignment, which is
reflected positively on the success of large construction projects

4- 1t is recommended to develop abilities and characteristics of project managers and
Engineers through proper and continuous training programs about effective project Manager
Abilities and characteristics with focus on the leadership area.

5- It is recommended for colleges and universities to make their curriculums more
responsive to the leadership and management needs for modern engineers through education
courses during college. Also, it is recommended to develop leading characteristics and
abilities by education courses since college or seminars for project managers and engineers.

6- Carry out detailed studies to determine the most appropriate time to measure the factors
and see its impact on the success of the project.

7- The legislation of laws which bear the person (project manager, contractor, designer,
director, consultant or others) all the legal and financial responsibilities and to reduce the
frequency of administrative error committed.

8-Managers and superintendents within organizations should address
Communication needs. Systems for distributing information and data base management
should be evaluated with feedback from managerial personnel. This was by far the most
consistent attribute of concern between both groups over multiple surveys.

9-Focus on research and development in addition to interest the evolution of a
development staff qualitatively because of its positive impact on the success of projects.

9. FUTURE STUDIES

1-Prepare for future research to determine the critical success factors in the Specialized
departments of institutions (Such as the Ministry of Oil Projects and the Ministry of
Electricity).

2-Identify the critical success factors affecting the success of the construction companies in
Iraq.

3- Identify the critical success factors affecting the success of the governmental
organization in Irag.

4-Preparation of studies to see the applicability of the requirements of (the ISO in
construction) and sustainability requirements and specifications relating thereto as well as the
principles of the (TQM) to see the difficulties facing the application and the benefits that we
get it in the success of projects in Iraq.
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Table 1 Respondent's background.

Respondents Frequency (percentage) %
Gender
Male 70
Female 30
100
Type of respondents position
1. Project Manager 44
2. Architecture 20
3. Engineer 16
5. Consultant 20
Educational attainment
B.Sc. 73
High diploma 20
M.Sc.
Ph.D. 1
Working experience
6-10 years 33
11-15 years 28
16-20 years 35
Above 20 years 14
Engineering Specialization
Civil 43
Mechanic 20
Electric 24
Architectural 13

Table 2. Statistical analysis of success factors.

Success factors

Item Success factors Mean | Sd.
group
1 Tra_lnlng the HR. in the skill demanded by 394 | 0910
project

2 Constructability program 3.75 | 0.774
. —— . -

3 5 Motlva_tlon/ Incentives Formal dispute 201 | 0887
3] resolution process

4 L Risk identification and allocation 2.62 | 0.790

5 S Prior project management experience 3.14 | 0.785

6 é Control of sub-contractors’ work 3.56 | 0.707

7 g Implementing an effective quality assurance 356 | 0785
s program

8 s Implementing an effective safety program 3.18 | 0.767
3 . . —

9 S Developing an appropriate organization 290 | 1.134
a structure

10 Top management support 416 | 0.833

11 Decision making effectiveness 3.21 | 1.022

12 Coordination effectiveness 3.16 | 1.100
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Item Success factors Success factors Mean | Sd.
group
13 Planning effort 2.28 |0.767
14 e Troubleshooting 3.13 ]0.833
15 5 e Feedback capabilities 3.16 |1.134
16 S5 g Control mechanism 353 |1.255
17 a g i Communication system 3.16 |1.165
18 = Formal dispute resolution process 3.01 |1.118
Involvement of Stakeholders 3.14 ] 0.950
19 Project delivery system (e.g. design-bid- 3.1 1.177
9 build, design build)
T Awarding bids to the right project 3.74 | 1.077
T ., manager/contractor
20 = S Project bidding method (e.g. price based 3.31 |0.974
£ & competitive bidding, negotiated bidding, best
o L . f
5 value bidding)
21 § Project contract mechanism (e.g. lump sum, | 2.62 | 0.995
o unit price, cost plus, etc.)
Comprehensive contract documentation 3.21 ]0.876
22 Client’s ability to define roles 3.18 | 0.775
23 Client’s ability to make decision 3.92 |1.118
24 Client’s ability to brief 3.06 |0.974
25 Client’s project management 2.28 |0.887
26 Client’s emphasis of quick construction 2.62 |0.785
27 Client’s emphasis on high quality of | 267 |1.177
construction
28 Client’s emphasis on low construction cost 356 |0.774
29 g Owner’s risk attitude (willingness to take 0.707
g risk)
30 LL Timely decision by owner/ owner’s | 290 | 0.887
kS representative
31 % Owner’s clear and precise definition of
e project scope & 3.16 | 1.166
S Objectives
32 O Owner’s construction sophistication 2.85 | 0.785
33 Client’s confidence in construction team 2.76 | 0.774
34 Chent_ s 1_<n0wledge of construction project 299 | 1.030
organization
35 Size of client’s organization 3.53 | 1.166
36 Natu_re of client (privately funded wvs. 318 | 0.887
publicly funded)
37 Client’s experience 3.48 | 0.950
38 Influence of client/ client’s representative 3.05 | 1.177
39 c .o Design team experience 4,05 | 0.876
40 2 E £ £ Prgject design complgxity _ _ 299 | 1.177
41 AEgEg Mistakes/ delays in producing design 409 | 0.974
documents
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42 Design team’s contribution to construction 3.04 | 1.077
43 Adequacy of plans and specifications 2.85 | 1.177
44 " Contractor experience 411 | 0.775
45 . S Speed of information flow 3.26 | 1.118
46 g & Effectiveness of cost control system 3.05 | 1.165
47 s -L; Contractor’s cash flow 4.27 | 0.767
48 S Q_*'é Extent (Involvement) of Subcontracting 3.05 | 1.022
49 9 Supervision 3.13 | 0.833
50 Site and work management 3.95 | 1.100
51 Construction control meetings 2.85 | 0.879
52 PrOJecF manager’s ability to delegate 374 | 1043
authority
53 Progect manager’s adaptability to changes in 319 | 984
project Plan
54 _PrOJect manager’s e.:arly & continued 316 | 1.043
" involvement in project
55 S Project manager’s commitment to meet
2 ) . 3.04 | 945
S quality, cost &time
56 T"; Coordinating ability and rapport of project
£ manager with owner/ owner representatives 2.67 | .661
E Motivating skills of project manager
57 5 Coordlnatlr_1g ability and rapport of project 208 | 773
2 manager with contractors/ subcontractors
58 S Organizing skills of project manager 3.56 | .637
59 % Leadership skills of project manager 3.19 | .595
60 éi Technical capability of project manager 3.56 | .550
61 E Project Manager’s authority to take financial
. : 3.16 | 042
decision, selecting key team members, etc
62 Project Manager’s authority to take day-to-
day decisions 3.05 581
63 Project Manager’s experience 427 | .768
64 Project Manager’s competence 3.05 | .754
65 ~3 Human Skill availability 3.26 | 1.060
66 S & Technology availability 3.13 | .550
67 % X ., Adequacy of funding 3.08 | .945
68 = :,E, S Commitment of all parties to the project 3.01 | .984
69 2 ES Administrative approvals environment 3.26 | 1.043
70 E § Industrial relations environment 3.05 .945
72 22 Political environment 4.26 | 773
73 L Social environment 490 | .803
item Success factors Success factors mean | Sd
group '
74 Xcsc @B Economic environment 416 .661
75 S W >0 E = ofeyel of technology advanced 2.85 | .796
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76 Availability of resources

3.7 515
77 Human skill availability 3.56 | .675
78 2 Clear objectives 2.85 | .661
79 < o0 Project size 3.04 | .614
80 = 8 Project location 2.76 | .683
81 L& project complex 2.99 | 614
82 o Project importance 3.16 | .650
83 Clear understanding of project environment 3.19 | .803

Table 3. Success factors reliability analysis.
Cronbach's Alpha Cronbach's Alpha N of Items
Based on Standardized
Items
.865 873 83

Table 4. Success factors KMO and Barlett’s Test.

Kaiser-Meyer-Olkin Measure of Sampling 575
Adequacy.
Bartlett's Test of Approx. Chi-Square 627.107
Sphericity Significant .007
Table 5. Statistical analysis of failure factors.
Item Failure factors Mean | SD.
1 Ineffective project planning and control 2.9 0.910
2 underestimation of time and cost 4.04 0.887
3 Poor monitoring and quality control by regulatory agencies | 2.94 0.774
4 Poor design capacity and the frequent design changes 4.44 0.790
5 Lack of available skilled personnel and technical experts 3.29 0.785
6 Vulnerability to and ravaging environmental degradation 2.85 0.833
and devastation due to wrong location.
7 Designers and contractors inability to do the work 2.29 0.767
8 Frequent changes and inconsistence in government policy 2.89 0.790
and priority
9 Scarcity and lack of original materials requirement 3.06 1.134
10 Prequalification procedure and corrupt government 2.96 1.022
officials.
11 Colossal waste of resources in project implementation due | 3.04 0.833
to unacceptable design errors and mistakes
12 Project contract sum indirectly used to compensate political | 3.28 0.767
party big-wigs.
13 Youth restiveness, and land ownership disputes 3.19 1.022
14 Litigations and court injunctions 3.15 1.100
15 Inaccessibility and geo hazardous impassable terrain to the | 3.09 1.165
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project site
16 Financial and administrative corruption 3.94 1.255
17 Project scope creep with massive amount of change or 3.16 0.775

variation orders
18 Capacity constraints in terms of construction equipment 2.50 0.974
19 Mode of financing and payment for completed work 2.92 1.177
21 Delay in approving major changes in the scope of work by | 3.42 1.165

consultant
22 Rework due to error by contractor 3.32 1.100
23 Delay due to sub-contractor work 3.24 0.833
24 Inadequate experience of consultant 3.65 0.767
25 Financial difficulties of contractor 4.57 0.785
26 Changes in government regulations and laws 2.21 1.022
27 Delays in producing desigh documents 3.30 1.100
29 Delaying delivering the site to consultant and contractor 2.67 1.022
30 Financial difficulties of owner (Delays in progress 4.32 1.100

payments by owner)
31 Delay in material delivery from the supplier 3.26 1.165
32 Frequent equipment breakdown 2.90 0.833
33 Delay from obtaining sanctions from various authorities 3.30 1.134
34 Inadequate legal framework 2.58 0.785
35 Lack of capable owners Improper planning and Scheduling | 2.57 0.790
36 Insufficient data collection and Survey before design 3.24 1.177
37 Obsolete or unsuitable construction methods 3.5 0.807
38 Poor site management and supervision 2.2 1.028
39 Incompetence of project team 4,17 0.967
40 Shortage of manpower (skilled, semi-skilled, unskilled 3.74 0.774

labor)
41 Slow payment of completed works 2.5 1.030
42 Bureaucratic administrative system 3.4 0.774
43 Lack of accurate historical information 3.0 1.177
44 Interest and inflation rates 2.94 0.876

Table 6. Failure factors Reliability analysis.
Cronbach'’s Alpha
Cronbach'’s Alpha Based on Standardized N of Items
Items
795 642 44

Table 7. Failure factors KMO and Barlett’s Test.

Kaiser-Meyer-Olkin Measure of Sampling
.743
Adequacy.
Bartlett's Test of Approx. Chi-Square 942.43
Sphericity Significant .054
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Table 8. Statistical analysis of Success criteria.

Item Success criteria Mean SD

1 Complete within time period 4.52 .848
2 | Sales of the product 2.58 .768
3 | Developer-contractor relation 3.5 754
4 | Project safety 4.1 581
5 | Improvement of the management 3.61 1.119
6 | Durability 3.5 1.060
7 | Complete within allocated budget 4.75 042
8 | Developer's reputation 3.4 .550
9 | Sustainability 4.42 754
10 | Life cycle cost 3.3 1.119
11 | Experience/Knowledge gain from the project 4.14 637
12 | Personnel training 2.58 595
13 | Environmental effect 2.75 570
14 | Company growth 2.57 .654
15 | Quality 4.24 791
16 | Capital gain 3.27 .984
17 | Project profitability 3.05 1.043
18 | Customer's Satisfaction 3.68 .945
19 | Customer's confidence on the product of the company 3.53 .803
20 | Stakeholders' satisfaction 2.62 773
21 | Project management process 3.19 .661
22 | Team creativity 3.04 946
23 | Meeting the regulatory requirements of the new product 2.85 .963
24 | Financial 3.56 .945
25 | Competency gains 3.77 .850
26 | Meeting the market shares 2.85 .930
27 | Direct and business success 2.99 570
28 | Impact on the customer 3.43 .637
29 | Utility 3.48 042
30 | Operation 3.00 1.119
31 | technical success 3.95 581
32 | Efficiency 3.26 1.042
33 | performance 2.85 595

Table 9. Success criteria reliability analysis.

Cronbach'’s Alpha
Cronbach’s Alpha Based on Standardized No. of Items
Items
.78 873 33
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Table 10. Success criteria KMO and Barlett’s Test.

Kaiser-Meyer-Olkin Measure of Sampling .651
Adequacy.
Bartlett's Test of Approx. Chi-Square 742.31
Sphericity Significant 012
Table 11. Critical success factors and its relative weights.
Item Critical success factors Weight% Group
1 | Contractor’s cash flow 12.48 Contractor factors
2 | Political ,security and economical 11.89 External environment factors
stable environment
3 | Project manager’s experience 10.7 Project manager factors
4 | Contractor experience 10.3 Contractor-related
5 | Top management support 9.85 Project management factors
Item | Success factors weight group
6 | Mistakes/ delays in producing design | 9.3 Design team related factors
documents
7 | Site and work management 8.15 Contractor-related Factors
8 | Client’s ability to make decision 6.32 Client-related Factors.
9 | Awarding bids to the right project 6.1 Procurement related factors
manager/contractor
10 | Design team experience 5.84 Design team related factors
11 | Project manager’s authority to take 4.7 Project manager factors
day-to-day decisions
12 | Availability of resources 4.3 External environment factors
Table 12. Success criteria and its relative weights.
Item Success criteria Weight% | item Success criteria | Weight%
1 | Complete within allocated 14.3 6 | Project safety 9.54
budget
2 | Complete within time period 13.02 7 | technical success 8.75
3 | Sustainability 10.85 8 | Competency gains 8.34
4 | Quality 10.15 9 | Customer's 7.85
Satisfaction
5 | Experience/Knowledge gain 9.74 10 | Improvement of the 7.55
from the project management
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Table 13. Critical failure factors and its relative weights.

Item Critical failure factors Weight
%

1 Financial difficulties of contractor | 777
2 Poor design capacity and the frequent design changes 10.1
3 Financial difficulties of owner (delays in progress payments 8.4

by owner)
4 Incompetence of project team 8.2
5 underestimation of time and cost 7.75
6 Financial and administrative corruption 6.75
7 Shortage of manpower (skilled, semi-skilled, unskilled 6.45
labor)
8 Insufficient data collection and survey before design 6.45
9 Inadequate experience of consultant 5.86
10 | Delay in approving major changes in the scope of work by 5.7
consultant
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ABSTRACT

In this paper, the effect of wear in the fluid film journal bearings on the dynamic stability of
rotor bearing system has been studied depending on the development of new analytical equations
for motion, instability threshold speed and steady state harmonic response for rotor with offset
disc supported by worn journal bearings. Finite element method had been used for modeling the
rotor bearing system. The analytical model is verified by comparing its results with that obtained
numerically for a rotor supported on the short bearings. The analytical and numerical results
showed good agreement with about 8.5% percentage error in the value of critical speed and
about 3.5% percentage error in the value of harmonic response. The results obtained show that
the wear in journal bearing decrease the instability threshold speed by 2.5% for wear depth 0.02
mm and 12.5% for wear depth 0.04 mm as well as decrease critical speed by 4.2% and steady
state harmonic response amplitude by 4.3% for wear depth 0.02 mm and decrease the critical
speed by 7.1% and steady state harmonic response amplitude by 13.9% for wear depth 0.04 mm.

Key words: rotor, journal bearing, wear, instability, critical speed,
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1. INTRODUCTION

Hydrodynamic fluid film journal bearings are frequently used in applications requiring high
loads and high speeds. They usually exhibit lower friction and more damping compared to ball
bearings. Hydrodynamic bearings, however, are susceptible to self excited instability known as
oil whirl giving rise to large amplitude lateral vibrations and possibly a early wear. The
prediction of the instability boundaries is an important step in the dynamic analysis of
hydrodynamic bearings. Also the instability is of particular importance to the manufacturers and
users of modern turbomachinery particularly with the present tend towards high speed and
loading conditions.
Gunter, 1971, presented a survey of the various mechanisms that cause instability in rotor
bearing system and the stability data on plain and multilobed journal bearings. He shows the
effect of unbalance and external loading on the nonlinear rotor whirl .Lund, 1975, presented a
method for calculating the threshold speed of instability and the damped critical speeds of a
general flexible rotor in fluid film journal bearings. Chauvin, 2003, experimentally investigated
the effect of lubricant temperature on the presence of whirl instability in journal bearings.
Lubricant temperature, bearing temperature, frequency and amplitude of vibration, and rotational
speed are monitored and analyzed in relation to presence of whirl instability. Alsaeed, 2005,
studied the dynamic stability of an automotive turbocharger rotor-bearing system using both
linear and nonlinear analyses. Several different hydrodynamic journal bearings were employed
in the study of the turbocharger linearized dynamic stability. Mancilla, et al., 2005, presented
new closed-form expressions for calculating the linear stability thresholds for rigid and flexible
Jeffcott systems and the imbalance response for a rotor supported on a hybrid bearing. Tuma
and Bilos, 2007, studied the instability of the rotor vibration in a journal bearing due to the oil
whirl, they found that oil induced vibration, occurs when the rotor rotation speed crosses a

certain threshold speed. Miranda and Faria, 2014, Presented a finite element procedure to perform the
eigenvalue analysis of damped gyroscopic systems, represented by flexible rotors supported on fluid film journal
bearings.

The present work focuses on the stability and unbalance response prediction for asymmetric
rotor supported by two asymmetric fluid film bearings and one of them is worn

2. EQUATION OF MOTION OF ROTOR WITH NON CENTRAL DISK SUPORTED
ON TWO ASYMMETRIC JOURNAL BEARINGS
For a one-mass flexible rotor with non central rigid disc (a # b in this study) supported by
two asymmetric bearings as shown in the Fig 1. A new equation of motion can be driven with
the following assumptions
1- Small motion about equilibrium position of rotor bearing system
2- The difference between the eccentricity ratios of the two bearing is very small therefore it
can be neglected.
3- Neglect the elastic coupling , the coupling between displacement and rotation because it
has small effect on the system frequency , Michael, et al., 2010

There are three reference points were taken into consideration they were the journal’s
center, the bearings’ center, and the rotor’s center (which is located at the point of disc center).
The first two equations of motion are found. Rao, 1996.

M3, + K(x, — x;) = MuQ® cos Qt and M3, + K(y, — y;) = MuQ® sin Qt (1)

Where the notation of (x,.) and (y,) are the location of the rotor center, (x;) and (y;) are the
location of the journal center and the terms (Muf? cos Qt and Mu sin Qt) are the unbalance
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forces due to unbalance mass in the x and y directions respectively The second two equations of
motion are found by summing the forces on the fluid film journal bearing for a stable condition.

K(x, — %) =Fyq +F, and K(y, —y;) =Fpy + F, (2)

Where, subscript (1) and (2) are refer to bearing one and bearing two respectively, K is
stiffness of shaft , F,, , F,, are the reaction forces of the bearing one and two in the x-
direction and F),, F,,, are the reaction forces of the bearing one and two in the y- direction
and the shaft damping is ignored because it has no effect on the unbalance response Rao , 1996.
Also, the forces developed in the lubricating oil film of the bearings are

F. K K X; C C X;

[Fx1] _ [ xx1 xy1l { ]} + xx1 xy1 {]} (3)
y1 nyl Kyyl y] nyl nyl yj

F. K K X; C C X;

[sz] _ [ xx2 xy2 { ]} + xx2 xy2 {]} (4)
y2 nyz Kyyz y ] nyz nyz y Jj

Substitute Eqg. (3) and Eqg. (4) into Eq. (2) get

[Kxxl + Kyxo  Kyy1 + Kyyo {x]} n Cix1 + Cxxz Cxy14Cxy2 {xj} _ K O {xr - xj} (5)

nyl + nyz Kyyl + Kyyz y] nyl + nyZ ny1 + nyz yj 0 KI1WUr— y]

Where

M, is the mass of the rotor with offset disk and K the stiffness of the shaft with offset disk
3 3
K = 3E1*2 Chen, et al., 2007,

a3p3
Above equations represent new equations of motion for rotor supported on asymmetric fluid

film journal bearings (Asymmetry is a result of unequal load of bearings)

3. CRITICAL SPEED

Critical speeds are commonly defined as the rotational speeds at which vibration due to rotor
unbalance is a local maximum. Lee, 1993. The critical speed of rotor supported on the fluid film
journal bearings cannot be defined as in the case of a rigid bearing rotor, because the stiffness
coefficients are functions of the speed of rotor. Consequently, it is always better to study the out-
of- balance (unbalance) response to locate the critical speeds, Rao, 1996.

There are many types excitation forces that are encountered often in the rotating machinery,
the mass unbalance is the most common source of excitation in the rotor bearing systems. The
imbalance excitation is a harmonic excitation, which has an excitation frequency coincident with
the rotor spin speed (rotational speed).

To find the critical speed, the harmonic steady state response due to unbalance mass can be

calculated at disk location where the maximum response occurs and therefore the critical speed

will be the rotor speed at the maximum response, Rao , 1996.. For harmonic motion Eg. (5)

becomes

[Ilixx ﬁxy] {;J} n [gxx gxy {Lng} n K 0 {x}'} _ [K 0 {xr} 6)
yx yy j yx yy l yj 0 K y] 0 KiIWr

Where  x; =Be'™ | x; = iQBe™ = iQx; , y; =De'™, y; = iQDe!™ = iQy;
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Kyx = (Kxxl + Kxxz): ny = (nyl + nyz): Kyy = (Kyyl + Kyyz)'ny = (nyl + nyz)

ny = (nyl + nyz); V Cxx = (Cyx1 + Cxx2) ny = (nyl + nyz)' ny = (nyl + nyz)

Eq. (6) can be rearranged as following

[Kxx +K+i0Cr Ky +i0C,, {x,} er]

Ky +iQC,, Ky + K +i0C,, | W) ™ Ky,

Solve Eq. (6) to find x; and, y; In terms of x,., y,. , yields

= K[(Kyy+K+iQCyy )xr—(Kxy+iQCxy)yr|
T (R v K+1QCs) (Kyy +K+IQCyy ) —(Kiy +1QCoy ) (Kyx+iQCy 1)

L K[ (Kx+ K +iQCxx) X7 —(Kyx +iQCy x ) yr|
Yi = (Kaex+ K +1QCxx) (Kyy +K+iQCyy ) = Ky +iQCxy ) (Kyx+iQCy x )

Substitute Eq. (8) and Eq. (9) in Eq. (1) get
M, + K x, + K5y, = MuQ? cos Ot
M3, + K, y, + Kp1x, = MuQ? sin Qt

Where

_ K[(Kox +19Cxx) (Kyy +K+i0Cyy ) = (Kxy +1QCxy ) (Kyx +1QCy )|

K= (Kyex +K+i0QCs2) (Kyy +K+iQCyy )~ (Kay +iQCxy ) (Ky 2 +iQCy )
K. — K[(Kyy+iQCyy ) (Kxx+K+iQCxx)—(Kxy+iQCxy ) (Kyx+iQCyx)|
27 (Kux+ K+iQCsxx) (Kyyy +K+i0Cyy )~ (Kyey +iQCxy ) (Kyx+i0QCy )
K2 (Kxy+iQCyxy)
KlZ:(K +K+IQCo) (Kyy +K+IQCy ) —(Kyy +1QCxy ) (K2 +I0QCy 1)
xx xx)\Kyy yy xy xy )\ Ryx yx
K2(Kyx+iQCyyx)
K21

- (Kxx +K+IQCox) (Kyy +K+10Cy 3 )~ (Kxy +iQCxy ) (Kyx+iQCyx)

The solution of Eq. (10) can be directly written as following, Rao, 2011

xr — x‘;!'eth + xr—e—th 1yr — y‘;'eth + yr_e_th

Journal of Engineering

()

(8)

(9)

(10)

11)

Where x;t and y,© are the whirl radius of the forward precession components which are in the

same direction of the rotor rotational speed while x,
precession components which are in the opposite direction of the rotor spin speed.

Substitute Eq. (11) in Eq. (10) yields

+ _ (Mu©?/2)[(K,—MQ?)+iKq,] + _ (iMuQ?/2)[(K;—MQ?)+iK,4]

T (K -MQ?)(Ky=MQ*)—Kq2Kay 7T (Ki—MQ?)(Ky—MQ?)—Kq2Kaq

- _ (MuQZ/Z)[(KZ_MQZ)"'iKn]

_ (=iMuQ?/2)[(K1—MQ?)+iKy4]

T (K —MQ?)(Ka—MQ?)—K12Kz1 77 (Ki—MQ2)(Ky—MQO2)—K; 5Ky
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The out of balance response (unbalance response) can be written as following, Rao, 1996

r= Xy+iyr (14)

u

Substitute Eq. (12) and Eq. (13) in the Eq. (11) then substitute the resultant equation in the Eq.
(14) get the a new equation for harmonic response of rotor supported by asymmetric bearings

r=rpe 4 e (15)
Where
= Q*H{(Q+05-20%)—i(p 05— u,03F)} .= Q% (QF-Q3)+i(u2Q5+1107)
I 2(@-07)(Q3-9%) - mpe03Q3] T P T 2[(Qf-02)(03-07) - uau Q303
2 K1 2 K> K12 K21
Q== TS e =Ny

Where 17 and 7, are the forward and backward components of unbalance response Childs, 1993.

The major and minor radii of the elliptic orbit of rotor at disk are

|T|maj = |Tf| + 1l |7 lpin = |rf| — |7l (16)

The critical speed of the rotor supported by a symmetric journal bearings is the rotor speed when
the maximum harmonic response at disk is equal to, |7|,q;-.

4. INSTABILITY THRESHOLD SPEED
The following forms can be assumed as a solution to the Eq. (1) and Eq. (5) Kramer, 1993.
xp =Ae" ,  y,=Be" |, x;=BeM |, yj = DeM (17)

(The variable A is the eigenvalue term) Substituting Eqg. (17) into Eq. (1) and Eqg. (5) and put
unbalance forces equal to zero for free vibration yields,

MAA+KA—-B)=0 and MAC+K(C-D)=0 (18)
K(A—B) — KyxB — ACyxB — Ky,D — AC,,D = 0 (19)
K(C — D) — KyxB — ACyxB — K,,,D — AC,,,D = 0 (20)

The above system has four equations with four unknown constants. Putting these equations in
matrix form and taking the determinant of the matrix and setting it equal to zero produces the
values of A, B, C and D (the four unknowns) as following.

ML + K ~-K 0 0 A
0 0 MA® + K ~-K B|_, 21)
K —(K+K_, +AC,,) 0 (K, +2C,) | C
0 — (K, +2C,y) K —(K+K,,+1C,,) | D
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The determinant of the matrix leads to the characteristic equation and when equating it to zero
we get the non trivial solution. Making the characteristic equation dimensionless at this point
will produce results of a general form. The dimensionless variables used to solve this problem
are

K=K— , C=C—=, 1=21/-, Q:Q\F
Mg g g

The dimensionless characteristic equation will be as following.

Giy6 4 G235 Gz2\74 , Ga7v3 Gs2\72 , Ge 7 _

SRS + 205 + (Gay + ZDA* + 2R + (Gs1 + Z2) 12 + 2246, = 0 22)
Where

G, = (Exyl + nyz)((_:yxl + (_:yxz) - (Cxxl + Cxxz)(nyl + nyz)

G2 = (1_()(21 + Kx_yz)(éyxl j' nyz)_+ (Kyiil + K@(Z)(nylj nyz)__ K((_:_Xxl + C_XXZ) -
K(nyl + nyz) - (Kxxl + Kxxz)(cyyl + nyz) - (Kyyl + Kyyz)(cxxl + Cxxz)

G31 = (gxyl + nyz)(nyl_'l' nyz) - (Kxxl + KXXZ)(Kyyl + KyyZ) - K(Kxxl + KXXZ) -
K(Kyyl + Kyyz) —K?

G32 = ZK{(nyl + nyz)(nyl + nyZ) - (Cxxl + CXXZ)(C}’yl + nyZ)}

G4 = K{Z(nyl + nyz)(ayxl + nyz) + Z(nyl + nyz)(éxyl + (_:xyz) - K(Cxxl + (_:xxz)
_K(nyl + nyZ)Z(Kxxl + KXXZ)(nyl + nyz) _Z(Kyyl + Kyyz)(Cxxl + Cxxz)}

Gs1 = Z_K(nylj' K}yz)(ﬁgl + KyXZ) - ZK(KXXI + KX)(Z)(Kyyl + KyyZ) - K? (Kxxl +
Kxx2) — Kz(Kyyl + Kyy2)

Gsz = K2{(Exy1 + ExyZ)(Cym + nyz) — (Cpa + Cxxz)(cyyl + (_:yyz)}

G6 =l_<2 (szl + K)(3_/2)(nyl_'|' Ei/'xz) +£_<2(Ky)il + Kyfz)(cxyl + nyz) - KZ(Kxxl +
Kxxz)(cyyl + nyz) - KZ(Kyyl + Kyyz)(cxxl + Cxxz)

G7 = KZ (nyl + nyz)(nyl + nyz) - KZ (Kxxl + KX)(Z)(Kyyl + KyyZ)

The dynamic coefficients for worn and intact journal bearings are taken from, Jameel et al.,
2015.
To find a solution to the Eq. (22), firstly A must be found. The general form of X is a complex
form. It may be written as
L=m+is

Where (m) and (s) are the real and imaginary parts of the eigenvalue respectively. Observe that
the equation of motion has the following form of a solution

X = Ae(m+is)t — Aemteist
If the real part of the eigenvalue is positive, then x goes to infinity, and if the real part is
negative, then x goes to negative infinity. So for the rotor to be at a state that neither declines nor
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inclines, (m) must be equal to zero. Thus, real part (m) equal zero is a major stability limit
(threshold) criteria and the eigenvalue takes the following form
A=is

The dimensionless new characteristic equation can be rewritten just a function of the eigenvalue
as following

G . G G . G G . G
—(_2—1256 + 15255 + (631 +§) st — 15453 — (651 +§)s2 +igs+G, =0 (23)
Since the characteristic equation, Eq. (23), equal zero, then the real part and the imaginary part
must equal zero. Thus, there are two equations can be made as following.

G G G
_(_2_1256"‘(631 +§)S4_(G51+§)82+G7:0 (24)
(G2g5 _iGags  iGeg
i5s’—izs +1§s—0 (25)

Eq. (25) represents the imaginary part of the characteristic equation and it has the following
solution.

s2 = Gty (=G4)%2—4G,Gg (26)

2G,

Since the two solutions of Eq. (26) satisfy the imaginary part of the characteristic equation,
substitute the value of (s2) into the real part of the characteristic equation, Eq. (24), and solve it
for the dimensionless speed.

The dimensionless speed has two results one of them is usually near zero. While another gives a
logical value. So only the second is valid. This value is known as the instability threshold speed.

= _ G156—G32$4+G5252

ch - \/ G3154—G5152+G7 (27)
The instability threshold speed can be rewritten in term of Sommerfeld Number as following

= o TmMgc? |G15®—G35%+Ggps?

Q= S5 p.QLR3\/ G315*—Gs152+Gy (28)

5. ROTOR BEARING SYSTEM ANALYSIS USING ANSYS

3-D Solid model rotor bearing system gives more accurate results than in the case of one
dimensional beam model as well as there are many advantages in adopting this model Rao and
Sreenivas, 2003. Therefore it is used in this work; Solid187 element (4452 elements) has been
used to model shaft and disk as shown in the Fig.2. (a), as well as COMBI214 element used to
model journal bearing. All steps to model rotor bearing system can be found with details in
ANSYS Guide, 2012. The eight dynamic coefficients of journal bearing are depending on the
rotational speed therefore when these coefficients represent in ANSYS must be changed with
rotor speed. The dimensions of rotor and bearings which used in this work are shown in Fig.2.
(b), and Table.1.
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6. RESULTS AND DISCUSSION
6.1 Effect of Wear on the Steady State Harmonic Response Amplitude and Critical Speed

. The present analytical has been validated with Rao, 1996. It is observed well agreement as
shown in the Fig.3. Different combinations of dynamic coefficients have been studied separately
to observe their effect on the harmonic response and critical speed. All results compared with
case when all dynamic coefficients used in analysis Fig.4.a. Ignoring damping of journal
bearings led to decreasing harmonic response and critical speed in the case of non-worn and
worn journal bearing but the decreasing in the harmonic response higher in the case of non-worn
Compared with the case of worn journal bearing as well as the harmonic response amplitude in
the case of wear depth 0.04 mm becomes higher than in the case of wear depth 0.02 mm about
3.6% as shown in the Fig .4.b.ignoring cross coupled damping in bearings led to Slight decrease
in the response amplitude and critical speed as shown in the Fig.4.c. Neglected direct damping in
the bearings showed that increasing in the response amplitude and decreasing in the critical
speed as shown in the Fig.4.d.Neglected the cross coupled stiffness led to increasing in the
response amplitude and critical speed for all cases (worn and non-worn) as shown in the Fig.5.a.
The last case when the cross coupled damping coefficients have been neglected led to increasing
in the response amplitude and critical speed but the increase in the response amplitude and
critical speed in the state of wear depth 0.04 mm higher than in the state of wear depth 0.02 mm
by about 6.6% because the cross coupled damping coefficients in the case of wear depth 0.04
mm greater than in the case of 0.02 mm and when neglected it led to this state see Fig.5.b. In the
Fig.6, Fig.7 and F.g.8, all dynamic coefficients combinations have been plotted together showed
that the major effect on the steady state harmonic response and critical speed is to the cross
coupling stiffness and when neglected it led to increase in the response amplitude by 23% and
critical speed by 7% because the cross coupled stiffness increasing with the increase in the rotor
speed. The rotor orbit has been plotted as shown in the Fig.9 for different rotational speed
whereas the real value of Eq.(15) represent the x- coordinate of orbit and imaginary value of
Eq.(15) represent the y- coordinate of orbit . The orbit radii increasing with the increase in rotor
speed and with wear depth at the maximum response amplitude. The shape of rotor orbit
approaching the shape of the circle at 9000 rpm because the eccentricity ratio becomes very
small and real and imagery value of Eq. (15) become approximately equal for non-worn and
worn journal bearing. Verification were done between analytical and numerical using ANSYS
showed good agreement with error percentage about 8.5% for critical speed and about 3.5%
error percentage for harmonic response as shown in the Figs.10. 11 and 12 and Table.2.

6.2 Effect of Wear on the Instability Threshold Speed
The stability threshold speed represents the important parameter in the rotor dynamic for
designers and operators. The stability decreasing with increase in the wear depth when the
Sommerfeld number more than one as shown in the Fig.13.d, because the dynamic coefficients
decreasing with increase in the rotor speed for worn journal bearing when compared with the
dynamic coefficients of non worn bearing except for direct stiffness in the y-direction Jameel et
al., 2015, also the cross coupled stiffness has little effect on the stability threshold speed for
worn and non-worn journal bearing as shown in the Figs.13.a, 13.b and 13.d.
7. CONCLUSIONS
1. Wear in journal bearing is generally decreasing the steady state harmonic response
amplitude by 4.3% and critical speed by 4.2% for wear depth 0.02 mm and decreasing
the steady state harmonic response amplitude by 13.9% and critical speed by 7.1% for
wear depth 0.04 mm
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Increase in wear depth lead to decrease the orbit dimension at speed near critical speed by
the same percentage of harmonic response in the first conclusion.

Orbit shape approaching the shape of the circle at high speed greater than critical speed.
The wear in journal bearing decrease the instability threshold speed by 2.5% for wear
depth 0.02 mm and 12.5% for wear depth 0.04 mm

Increasing in the wear depth in journal bearing increases damping in rotor bearing system
but decreasing the stability of system.
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NOMENCLATURE

Cd = direct damping, Ns/m

Cc = cross coupled damping, Ns/m

c = radial clearance, m

E = modulus of elasticity, N/m?

F,. , F,, =reaction forces of the bearing one and two in the x- direction, N
F,,, F,, =reaction forces of the bearing one and two in the y- direction, N
K = stiffness of rotor, N/m

Kd = direct stiffness, N/m

Kc = cross coupled stiffness, N/m

L = bearing length, m

M = rotor mass, Kg

¢, 1p = forward and backward components of unbalance response respectively, m
R = journal radius, m

(%) , () = location of the rotor center

(xj) » (v;) = location of the journal center

U = mass eccentricity, m

| = viscosity pas

Q) = rotational speed of rotor, rad/s

Q. = dimensionless instability threshold speed

A, A = eigenvalue term and dimensionless eigenvalue term
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Bean'ng 1

Figure 1. Rotor supported on the fluid film journal bearings.
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Figure 2. (a) Ansys rotor model (b) Mechanical drawing of present rotor bearing system.
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Figure 3. Steady state harmonic unbalance response.
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Figure 4. Effect of wear in journal bearing on the harmonic response of rotor bearing system (a):
Using all coefficients, (b): Ignoring damping, (c): Ignoring cross coupled damping, (d): Ignoring
direct damping.
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Figure 10. Steady state harmonic response of rotor mounted on non-worn fluid film journal
bearing with different combinations of dynamic coefficients (ANSY'S).
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Table 1. Shows rotor dimensions and material properties and lubricant oil specifications.

. . M | h n Lubrican
Shaft Shaft | Disc Disc odulus | S afta d ub Ica t Unbalance
; i . of disk oil
length | diam. | diam. | thickness . . o force
elasticity density viscosity
m m m m 3 Kg-m
pa Kg/m Pas
0.654 | 0.048 | 0.34 0.02 2.1x10" 7850 0.032 | 0.323x10°

Table 2. Effect of wear depth in the fluid film journal bearing on the steady state harmonic
response amplitude and critical speed of rotor mounted on worn fluid film journal bearing.

0
Analytical ANSYS /o Error
Wear —
Depth Max Critical Max Critical Critical Resp(_)nse
m Resp(_)nse Speed Resppnse Speed Speed | Amplitude
Amplitude Amplitude
rpm rpm
m m
0 3.22x10° 7000 3.182x 10 6400 8.5 1.18
0.02 3.08x10° 6700 | 2.983x10° | 6100 8.9 3.14
0.04 2.77 x 10” 6500 2.873x 10 5950 8.4 3.58
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Constructional Efficiency in Al_Ahwaar Traditional Architecture

Lect. Dr. Usama Abdul-Mun'em Khuraibet
Architectural department
College of engineering
Baghdad University
eng_usama_oat@yahoo.com

ABSTRACT

Constructional Efficiency in architecture in general is one of the most important
standard success for any structure and a measure of its continuity and relevance across

time and space. Given the importance of Al-Ahwaar environment that owned the spatial,

environmental, economic and social elements had a prominent impact in creation of
architecture patterns form to create special architectural and structural environment,
which had many qualities and ingredients that contributed to its continuity and existence
over the years. From the premise that man and his environment is the main goal to any
architectural style,

Thus the research problem focusing on the lack of clarity of the previous
literatures in its studies for the role of architectural styles in Al-Ahwaar in achieving
constructional efficiency, despite the large number of studies on Al-Ahwaar architecture
but it is mostly marked by non-clarity and lack in the constructional and technical
aspects,

Therefore, the research goal focusing on clarification of the impact of the
techniques that used in formations Al_Ahwaar traditional architecture in order to reach to
the constructional efficiency in various aspects such as technical, material, economical,
and expressional. Assuming that achieving to the constructional efficiency at Al-Ahwaar
traditional architecture depends on its characteristics and elements that contributed to the

continuity of their patterns across time.

The research depended on analytical method of a model of traditional architecture in Al-
Ahwaar to reach those goals, as the study of these items aims to deepen the
understanding of the designer to the requirements of each component in order to achieve
integration together. These components must not conflict with each other, but it must be
integrated during and after the design process until it comes out as a creative of
architectural destination.

e Keywords: al-ahwaar architecture, constructional efficiency, technical and
material aspects, constructional integration.
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ABSTRACT

T here is no doubt that the field of education and teaching (in any country and whatever its

ruling system varies “d”) is considered one of the most specific and sensitive field, because it is
related to the building of human. And as the human is a purpose (aim) and the means in the same
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time and he is the strategist capital, so he way of his rearing, education, choosing the educator,
methods of working and the aims are considered serious matters.

The educational process has aim determined by the society for him self through its working
establishments in this field and these are the official and public establishments. And as he feels
that the establishments have failed to achieve its duty, it, and without hesitation immediately
interferes by the means that he choose to fix the defect. The educational process aims are meant
to be the determined modification for the way which are expected to change the students through
this process .i,e. the way of their thinking, feeling and actions. And the curricula’s used (followed)
are considered one of the means to achieve the aims.

This research aims at studying the program of the construction management wherefrom the items are
distributed although the years and hours of primary stage in the civil engineering department in Baghdad
university and some other Iraqi universities. The curricula’s items of some sedate worldwide (universal)
universities, and to make a comparison between them to reach a specific form to the method of teaching
these items, unify them, revive them and to contribute in clarifying the features of the path way ahead of a
teaching Corp member which is followed in the teaching curricula’s of the construction on the means
which make achieving this complicated process a living interactive system.
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