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ABSTRACT

The natural ventilation in buildings is one of effective strategies for achieving energy efficiency in
buildings by employing methods and ways of passive design, as well as its efficiency in providing high
ranges of thermal comfort for occupants in buildings and raises their productivity. Because the concept of
natural ventilation for many people confined to achieve through the windows and openings only, become
necessary to provide this research to demonstrate the various passive design strategies for natural ventilation.
Then, research problem: Insufficient knowledge about the importance and mechanism of the application of
passive design strategies for natural ventilation in buildings. The research objective is: Analysis of passive
design strategies to achieve natural ventilation in buildings, for the purpose of the proper selection of them to
Iragi urban environment. Accordingly, the research included two parts: First, the theoretical part, which dealt
with the conceptual framework of natural ventilation and deriving the most important aspects in it, in order to
adopted as a base for the practical part of the research. Second: the practical part, which analyzed examples of
buildings projects that employed various design strategies for natural ventilation, according to the theoretical
framework that has been drawn. The main conclusion is, Necessity to adopt various passive design strategies
for natural ventilation in Iragi urban environment with hot dry climate, as they have a significant impact in
reducing the energy consumption for the purposes of ventilation and cooling, as well as for its efficiency in
improving air quality in indoor environments of buildings.
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ABSTRACT

Engineering equipment is essential part in the construction project and usually manufactured
with long lead times, large costs and special engineering requirements. Construction manager
targets that equipment to be delivered in the site need date with the right quantity, appropriate
cost and required quality, and this entails an efficient supplier can satisfy these targets. Selection
of engineering equipment supplier is a crucial managerial process .it requires evaluation of
multiple suppliers according to multiple criteria. This process is usually performed manually and
based on just limited evaluation criteria, so better alternatives may be neglected. Three stages of
survey comprised number of public and private companies in lIragi construction sector were
employed to identify main criteria and sub criteria for supplier selection and their priorities.The
main criteria identified were quality of product, commercial aspect, delivery, reputation and
position, and system quality . An effective technique in multiple criteria decision making
(MCDM) as analytical hierarchy process (AHP) have been used to get importance weights of
criteria based on experts judgment. Thereafter, a management software system for Evaluation
and Selection of Engineering Equipment Suppliers (ESEES) has been developed based on the
results obtained from AHP. This model was validated in a case study at municipality of Baghdad
involved actual cases of selection pumps suppliers for infrastructure projects .According to
experts, this model can improve the current process followed in the supplier selection and aid
decision makers to adopt better choices in the domain of selection engineering equipment
suppliers.

Key words: engineering equipment, supplier, construction, AHP, decision maker, model,

ESEES, software.
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1. INTRODUCTION

Selection of engineering equipment suppliers is one of the most critical decisions taken by
procurement manager. It is not an easy process and generally consists of four stages; defining
objective, formulating the selection criteria, qualifying the suitable alternatives and final
selection. Many different formulas and techniques involve the determination of quantitative and
qualitative factors can be used to select the best possible suppliers. Supplier selection decisions
were complicated by the fact that various criteria must be considered in decisions making
process Weber et al., 1991. According to G3SP-ESS, 2010, the procurers can categorize
supplier selection criteria as Mandatory which represents the criteria that a supplier must meet
in order to be on the bid list , Preferred refers to criteria that is not necessary to be meeting by
suppliers to enter the bid list and leading criteria which really differentiate suppliers and will
separate the exceptional suppliers from the ordinary and should have the highest weighting
within the supplier selection process. Number of studies were conducted to deal with suppliers
evaluation; Ho et al., 2007 in their study, they identified what criteria that construction firms in
Taiwan and Vietnam were adopted to evaluate and select suppliers. They confirmed that non-
quantifiable criteria like, quality and capability to meet delivery due dates have the most
important role in the selection process. Azambuja and Chen , 2010 presented methodology of
statistical procedure of cluster analysis for commercial assessment to select short list of
equipment suppliers in construction projects but this technique was supported just quantitative
criteria. This study aims to present a management model with a decision support tool that can aid
construction firms in the selection of the best engineering equipment suppliers that satisfy project
targets considering both quantitative and qualitative criteria.

2. SUPPLIERS EVALUATION AND SELECTION

The analysis of criteria for selection and measuring the performance of suppliers had been the
focus of many scientists and purchasing practitioners since the 1960’s. In the recent years, many

researchers in the domain of supplier selection like Benyousif et al., 2003, Thanaraksakul, and
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Phruksaphanrat, 2009, Pal et al. ,2013 and Abdolshah ,2013 referred to an interesting work
presented by Dikson .

Dikson ,1966 conducted a questionnaire and sent it to 273 purchasing organizations and
managers selected from list of managers in the National Association of Purchasing Managers,
which covered USA and Canada. He had received 170 mails regarding the 23 important criteria
which were ranked according to the observations. The results showed that delivery, quality,
performance history, and warranty policies were the most important criteria for 1960s
.Thereafter, the 23 criteria in Dikson (1966) were served as principal for categorizing criteria in
the consequent researches. Pal et al. 2013 stated the various important criteria for the supplier
selection such as: price, quality, delivery, performance history, warranties and claims policies,
production, facilities and capacity, technical capability, financial position, procedural
compliance, reputation and position in industry, desire for business, repair service, attitude,
packaging ability, labor relations record, geographical location, amount of past business and
reciprocal arrangement.

2.1 ldentifying Potential Suppliers
This process is substantial, it is often critically important to discover new suppliers as well as

develop the existing suppliers. The buyer must ensure such suppliers are qualified .The
qualification processes should be performed according to the qualification criteria set on the
solicitation documents. A potential supplier who does not meet the required qualifications will
be rejected, and this will lead to short list suppliers.
Pre-qualification is an effective method for identifying potential suppliers to invite for tender,
particularly where a large number of suppliers might be able to fulfill the organization’s needs.
Some organizations pursue pre-qualify suppliers prior to have a specific need. This can allow
them to focus on specific needs at a given moment in time from a pre-qualified pool of suppliers.
To ensure that the pre-qualification process is not too cumbersome, suppliers should only be
requested to provide information adequacy to satisfy the buyer on their level of competence that
is sufficient to execute any future contract. Such qualifications criteria may be all or some of the
following IAPWG, 2006:

1. Legislative requirements

2. The financial strength
3. Performance record
4

Business ethics record
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5. Production capacity.
6. Experience and technical capacity
If a pre-qualification process has preceded the solicitation, just suppliers who have passed the

pre-qualification would be allowed to submit offers.

2.2 Methods for Suppliers' selection

For many years, the traditional approach to select supplier has been to select suppliers based on
the basis of price ,Pal et al., 2013. Actually, evaluation and selection of suppliers is a typical
multiple criteria decision making (MCDM) that can be both qualitative and quantitative.
However, as companies realized this fact, they have turned into more comprehensive multi-
criteria approaches.

Decision aid methods are very useful tools is used to support managers making selection
decisions. There are number of multi-criteria techniques that have been developed in operations
research to aid solving selection problems.

Pal et al., 2013, in their research, summarized various supplier selection methods as shown in
Fig.1. The most well- known (MCDM) technique which is used in various selection problems is
Analytical Hierarchy Process (AHP). AHP was developed by Saaty, 1980 as a mathematical
decision making model which solved complex linear algebra problems when there were multiple
objectives or criteria to be considered. It required the decision makers to provide judgments
about the relative importance criterion for each decision alternatives. AHP is an effective tool
dealing with complex decision making, and can aid the decision maker in setting priorities and
making the best choice by reducing complex decisions to a series of pair wise comparisons; then
the results were synthesized. The researcher adopted this tool in developing a model for the

evaluation and selection of engineering equipment suppliers.

3. IDENTIFYING CRITERIA FOR EVALUATION AND SELECTION OF
ENGINEERING EQUIPMENT SUPPLIERS

To identify which criteria are the basis for E.E supplier's selection in Irag and their priorities, a
field survey was conducted in number of public and private companies in Iragi construction
sector. In the first stage, some of criteria were identified by personal interviews with top senior
managers. From literature review and interviews with specialist, the required criteria for
evaluation and selection suppliers were identified. A closed questionnaire form contained the

identified criteria were presented to (44) of the respondents to identify the degree of importance
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of each criteria . These criteria were reordered as a hierarchy of five main criteria and sub criteria
related to each main criterion, see Fig.2.

In order to get importance weights of criteria a special questionnaire form was prepared, this
form based on the principle of analytical hierarchy process to get priorities of criteria.

In this form, a simple matrix was built for each of main and sub criteria. The specified criteria
were placed in the matrix vertically and matched by the same criteria in a horizontal bar. To
achieve this purpose ,(15) experts in the domain of evaluation engineering equipment suppliers
were asked to compare the importance of criteria according to the ratios set in the questionnaire
form which was based on AHP scale ,see Table 1.

The answers of respondents were collected, and then the average of the values given by

respondents was calculated in order to get criteria priorities.
4. DEVELOPING DECISION MAKING MODEL (AHP, ESEEYS)

A proposed model for evaluation and selection of E.E suppliers contains two parts:

Part 1: The analytical hierarchy process (AHP) is used as a tool for support decision in selection
among suppliers regarding multi criteria qualitative and quantitative criteria. Precisely, to find
importance weight for criteria and sub criteria according to the results obtained from
questionnaire of priorities. The results obtained from AHP are shown in Tables 2 and 3.

Part 2: A software model for evaluation and selection of E.E suppliers (ESEES) depending on
importance weights of criteria obtained from the application of AHP developed software.

4.1 Development of a Software Model (ESEES)

The application (ESEES) has been implemented by Microsoft visual basic as a windows form
with Microsoft access as the back data base. The main window is shown in Fig.3.

The core window in this program is named as Evaluate suppliers. It contains the list of sub

criteria where the user can enter the rating of one supplier against each criterion. The values
shown at the side of the ratings are calculated by multiplying the rating that evaluator has entered
by the importance weight for the sub criteria and their related main criteria .These importance
weights have been obtained by applying the (AHP) Software illustrated previously and saved as
database in this program. The total rating of one supplier also can be shown in this window and
the mathematical procedure behind this process is expressed as follows:

The researcher suggested an equation to get the total rating for one supplier, that for n number of
main criteria and n number of sub criteria related to each main criterion,

Total rating for one supplier = M3 (s;M1*Rs;M1+s,M1*Rs;M;+......... +snM1*Rs,M;) +
Ma(s1M2*RsiMo+s,Mo*Rs, Mo+ ... ... +s50M2 *RspMy)+... ... +

My (S1Mn*Rs1Mp+s5,M*Rs;M+ ... ... +s5,Mn *RSyM;) (1)
Where:
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Mi1,M,,M, are the importance weights of the first, second, and ny, main criterion respectively.
s1M1, s1My, s1M,, are the importance weights of each first sub criterion related to the first
,second, and ng, main criterion, respectively .
RsiM;, RsiM,, RsiM,, are suppliers rating against each first sub criterion related to the first,
second, and ng, main criterion, respectively.
so:My, oMy, oM, are  the importance weights of each second sub criterion related to the first
,second, and ng, main criterion, respectively .
Rs,My, Rs;M,, Rs;M,, are suppliers rating against each second sub criterion related to the first
,second, and ny, main criterion, respectively .
ssM1, saM2 , s\M, are the importance weights of each ng sub criterion related to the first
,second, and ng, main criterion respectively.
Rs,M1, Rs,M,, Rs,M, are suppliers rating against each ny, sub criterion related to the first
,second, and ng, main criterion respectively .
and, Mi+Maot...... +M;,=100%

1M+ oMy +...... +s,M1=100%

$1Mo+ oMo+ ... +s,M>,=100%

S1Mn+ oMt ... +snMp=100%
The entry of supplier's ratings is in a percentage form. The main steps of ESEES software
approach is shown in Fig.4.

5. VALIDATION OF THE PROPOSED MANAGEMENT MODEL

A case study was selected to describe the results obtained from using the software. The case
study chosen was Municipality of Baghdad as the fact that this organization expends large
amounts of money on the procurement of engineering equipment, especially for infrastructure
projects. The suggested engineering equipment for this study was (pumps). Pumps are
considered a critical component in project whatever process it operates: power, destination,
petrochemical, and water treatment or supply. The complete plant operation depends on the
reliable performance of the main intake, cooling or seawater pumps. Two actual cases were
selected for pumps procurement. The first was Sharq Dijla project for water treatment and the
other was Al- Rustamiya project for sewage treatment. A team from each of Baghdad sewerage
and Baghdad water directorates consisted of different qualifications was specified to evaluate the

bidders regarding the sub criteria by studying the offers and analyzing the catalogues in detail.

The suggested team included; civil engineer, mechanical engineer and financial member. These
engineers have sufficient experience in project requirements and required equipment.
5.1 Case study :Municipality of Baghdad -Infrastructure Projects

5.1.1 First case: Extension of sewage treatment plant at Al-Rustamiyah project:
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Selection of submersible pumps with different diameters.
The actual award decision according to traditional process is shown in Table 4 ,while Fig. 5

shows the results obtained from applying ESEES program.

5.1.2 Second case: Extension of existing water treatment plant at Sharq Dijla project:
Selection of vertical pumps supplier.
The actual award decision according to traditional process is shown in Table 5, while Fig. 6

shows the results obtained from applying ESEES program.

5.2 Comparison between Traditional Method and Applying of (ESEES) Software in Supplier
Selection

1. In the first case, the final result showed that EPC Company was the best supplier for
submersible pumps. This result differs from the actual recommendation which was (Al
Qotb Alaraby company).Based on the fact that the criteria adopted was more
comprehensive and feasible for suppliers' selection. The result obtained by the proposed
model is seen to be more suitable for serving the targets of project and procurement.

2. In the second case, the result obtained from ESEES shows that the bidder (Alwa
company) is ranked as a top supplier. This result was similar to that obtained from actual
recommendation, and that seemed reasonable as there were some criteria were not been
considered by the team like (ground shipping and transport, risks, environmental benefits
and innovation) because there were not sufficient details or indicators in the offers to

prefer one bidder to the others.
6. CONCLUSIONS AND RECOMMENDATIONS
The major observations and conclusions can be summarized as follows:

a. The traditional evaluation process is based on criteria and importance weights decided by
Ministry of Planning with limited flexibility in changing the weights as necessary. These
criteria are not comprehensive and do not cover the supplying requirements and project

targets.

b. The importance weights of main criteria resulted from applying AHP software

showed that Quality of product is the most important criterion in the selection of the



Number 6 Volume 22 June 2016 Journal of Engineering

best supplier, followed by Commercial aspect. The third place is for Delivery and
implementation while the fourth place is received by Reputation and position and

the last ranking is for criterion of System quality.

c. According to experts, the proposed model can contribute to serve the construction
project management related to cost, schedule and quality requirements and successful

selection can prevent later supplier related problems affecting project targets.
d. To get advantage of the proposed management model , it is recommended to:

e Provide the criteria and importance weights which are identified in this study to
the procurement documents so that the tenderers take in to account when

developing their offers.

e The evaluation process should be conducted by professional and experienced

persons related to the supplying the required equipment.

e Specifying qualified persons to evaluate the supplier's present performance and
save this rating for supporting future decisions.
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Figure 2. Hierarchy for evaluation and selection of E.E suppliers.
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Figure 3. The main window of ESEES.

11




Number 6 Volume 22 June 2016 Journal of Engineering

Start

'

Enter the user name and Password

!

Enter the agency name

'

Enter the name of construction project

'

Enter the (name, quantity, site need date and the

budget) of the required engineenng equipment.

.

Enter the (name, ID | Prce, duration ) for
approved short list suppliers .

+

Check the suppliers’ past perfonmance.

!

Ewaluate suppliers with respect to sub criteria

l

Get suppliers’ ranking

|

Select the best supplier (Top ranking)

|

Print ESEES report

!

End

Figure 4. ESEES software approach.
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Figure 5. The final results of bidders evaluation (submersible pumps) by applying (ESEES).
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Figure 6. The final results of bidder’s evaluation (vertical pumps) by applying (ESEES).
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Table 1. : Scale of relative importance in AHP approach, Saaty, 1980.

Value of relative .
. Definition
importance (a;)
1 Equally important attributes
3 Moderate importance of one attribute over other
5 Strong importance of one attribute over other
7 Very strong importance of one attribute over other
9 Extreme importance of one attribute over other
2,4,6,8 Intermediate values between the two adjacent judgments
. If an attribute is given one of the above numbers when compared with a
Reciprocal of above . . . . .
second attribute , then the second attribute is assigned the reciprocal value
non- zero numbers . . .
when compared with the first attribute

Table 2. Ranking of main criteria according to importance weights with respect to the goal.

Weight % Criteria No.
39.0% Quality of product 1
26.8% Commercial aspect 2
16.9% Delivery and implementation 3
10.0% Reputation and position 4

7.1% System quality 5

Table 3. The ranking of sub criteria according to their importance weights.

g | S or oot s
20.8% Financial Status
66.0% Competitive price
13.1% Lifecycle costs
Weight % Sub-criteria for Reputation and Position No.
(Inconsistency = 0.02043)
33.6% Satisfactory past performance 1
23.6% Flexibility in dealing 2
22.0% Reputation and position 3
12.3% Amount of relevant works 4
8.3% Cooperation in the field of situ delegations 5
Il R
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47.5% Commitment to technical merits 1
21.2% Quality marks (origin) 2
10.9% Product reliability (running and performance) 3
8.4% Environmental benefits 4
6.1% Innovation 5
5.8% Using modern technology 6
Wt [ oy
33.0% Staff qualification 1
28.8% Safety and environmental characteristics 2
20.6% Quality assurance system and quality control plans 3
17.4% After sales services, technical support 4
Weight % (Sll;l;):ocr:gz[g:l :;r:Dgg\ég% ;md implementation No.
51.8% Delivery schedule and duration 1
28.3% Risks 2
9.8% Ground shipping and transport 3
9.8% Geographical location 4

Table 4. Actual award decision for supplying submersible pumps to Al-Rustamiyah project.

) Technical Commercial Total
No. Bidder
aspect (60%) aspect (40%) (100%)
Algotb Alaraby |
1 515 40 915
Company

2 EPC Company | 56.1 32.6 88.7
3 Alhijaz Company | 342 | 339 | 679
4 Alramih Company | ) Excluded )
5 Al Watany Company | Excluded

15
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Table 5. Actual award decision for Supplying vertical pumps to the treatment plant at Sharq

Djila project.

] Technical aspect | Commercial Total
No. Bidder
(60%) aspect (40%) (100%)
1 Alwa Company 57 34.9 91.9
Adnan al Mosawi
2 33 37.6 70.6
Company
Nawafith Alalam
3 33 36.2 69.2
Company
4 Maarib Company 12 40 52

16




@) Number 6 Volume 22 June 2016 Journal of Engineering

=

Glad) B LAY o jLdiad) & il 3 1a) & ALaLad) B3 gad) 3 )y cilullaia aadas

tana Juald Jui s Skl aBlS jLuatil s
iiveale dlls e liue 30
Aiaall Al an - Auniigl) A0S - 3%y Al Al Fanigl) s - gl A0S - Slai Aadla
ALaMAl

Al il Al sy o iy Apensl) ) Haliiy) laliiall 4n bt Tana Lale Sase ALLEN 8350l 5510 a3

(e ddle Audlic a a5 ae sl y ) paindl pad (Al Cladaiall (S O (030 e 5 dals Gis B2l 458 )l

el 1 (5255 3 (3l o) e Lginllaa s il Al g ) (52 30 AUl 53521 5 y)a) bl yd il 5 Al
LS5l b i) b

50005 Jilad asede ) ABLAYL ALLEN 32 5all 5000 amlie aaY (il pain) Legly) Gualad (e Gl (e S
Ganmit ) ¢ Jall ol il 5ol 5 Jalas 5 ALLaN 53 gl 53l o sda (o 4S5 ALEY) a il 3 hladl)
Gabil S e Jgeaall sl deliva gl o) pall laay = sie Oliiul elal say Gl leall 5 32l

Al b Aalay) g i) o lalaall 5 lal g ALLED 83 sall 5 1) clllaia

S ALYl Ghlaal 5 la e Wle 1,0 i Wl 508y aed o) sa Gl Ll Jia 3 ) 3l sl (e )
O3V e S5y el Suiadly il & cpulelall AHS AS ke ¢ n (B palailly sy el sl
blaall s ol e da gia 5 ALaLAN 32 sad) 3 ylal Ggudail cilallaieg

Agsnd Apanl ¢ e g aui ¢ hlaall Jilad ¢ il 5 i) ¢ ALLEN 53 gl 510l s eai ) cilalSl)

Application of Total Quality Management (TQM) Requirements in Risk
Management in Construction Projects in Iraq
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ABSTRACT

Total quality management considers one of the modern scientific entrances which

practiced by productivity service organizations alike to provide appropriate quality required
outputs according to the needs and desires of customers manage , enable the organization
seeking to continue and grow in light of the increasing competition from the satisfy and provide
the appropriate total quality management requirements whenever led to face risks that they may
have in a manner in which they can be addressed and find ways to avoid them in the future
when repeated.

The research has consist of two main parts firstly have included a review of the most
important concepts of total quality management in addition to the concept of risk analysis and
management in construction projects and how to apply the concept of total quality management
in the risk analysis and management. Second part included the practical part of the research,
which was open and closed questionnaire for experts in the construction industry to obtain
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required informations for the application of total quality management requirements in risk
management in construction projects in Iraqg.

One of the main findings of the research is that top management support has a high impact on
risk management in addition to continuous improvement, training and education, while the
participation of all employees in the organization and constant stimulation and focusing on the
customer as one of the total quality management requirements had a moderate impact on risk
management.

Key words: total quality management , risk management , risk analysis , qualitative assessment ,
relative importance.
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ABSTRACT

An experimental model is used to simulate the loss of soil lateral confinement due to excavation
nearby an individual axially loaded pile. The effects of various parameters, such as the horizontal
distance of excavation, depth of excavation and pile slenderness ratios are investigated. The
experimental analysis results showed the effect of excavation is more remarkable as the
horizontal distance of excavation becomes closer to the pile than half pile length. The effect of
excavation diminishes gradually as the horizontal distance increases beyond that distance for all
the investigated pile slenderness ratios and depths of excavation. The pile head deflection,
settlement and bending moments along pile increase with decreasing horizontal distance between
excavation face and adjacent axially loaded pile of various depths of excavation and pile
slenderness ratios. The location of maximum bending moment is positioned between 1/4 and 1/2
of pile length for all horizontal distance of excavation, depth of excavation and slenderness
ratios. The bending moment profiles indicate a (single curvature) for medium flexible piles and
(double curvature) for very flexible piles for different horizontal distance between excavation
face and adjacent axially loaded pile and various depths of excavation. In addition the theoretical
approach of wood, 2004 showed good agreement especially for very flexible pile (slenderness
ratio >45).

Key words: excavation, axially loaded pile, deflection, settlement, bending moment
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1. INTRODUCTION

In dense civilian area where landscapes of structures are nearly distance, deep excavation for
underground constructions is necessary. Axially loaded piles in present structures are essentially
exposed to horizontal soil movement causes by excavation , Finno, et al.,1991and 2005 and
Leung et al., 2000 and 2003, pile supporting bridge or pile nearby embankment
Springman,1989; Ellis and Springman, 2001 and Goh et al., 2005. That soil movement
induces lateral loading on nearby pile foundations, causes additional bending moment and
deflection on the piles. Horizontal soil movement generally has an adverse effect on the behavior
of axially loaded piles.

The centrifuge model for passive piles nearby unsupported excavation was carried out by Leung,
et al., 2000, Leung, et al., 2003, and Ong, et al., 2004, 2006 and 2009. Centrifuge modeling
technique is considered a good alternative way to study the problem as the tests can be adopted
under an organized condition such that the soil strength profile, soil deformation and elapsed
time can be measured with accuracy and converted to prototype scale. The results showed that
the bending moment increased with increasing depth of excavation initially. Then the bending
moment decreased with increasing depth and time. The difference between soil movement and
head deflection is relatively low at depth of excavation less than 0.60m. Then the difference
increased significantly with increasing depth of excavation and highly soil movement were
detected closely ground surface.

Chiang, and Lee, 2007, studied the response of individual piles under different design loads
adjacent to tunneling by centrifuge model experiments. The tunnel permanence in saturated sand
was observed. Two instrumented piles of depths 27 m were situated of each side with various
cover-to-diameter ratios and different distances from tunnels. The bending moments and axial
forces were measured at various depths during tunneling. The results showed that the unit skin
frictions rapidly decreased with increasing the tunneling operation for the shallow tunneling near
a long pile and substantial decay of the end bearing capacity that causes large settlement of the
pile if the pile base is close to the tunnel. The depth ratio was observed to be an important effect
on the bending moment variation along the piles, but both the working loads and depth ratio
identify axial load response and the settlement of pile.

Guo, 2010 and Ghee, 2009 established a new experimental apparatus comprises from a box, and
a loading system that allows various horizontal soil movements shapes (rectangular, triangular
and arc) and with application of vertical load simultaneously on piles/pile groups. The sand used
with relative density of 89%. The tests results for single pile noticed that the bending moment
increased with decreasing distance from boundary as the reduction of soil pressure. In addition,
the maximum bending moment (Mmax) increased with increasing the pile diameter while the
maximum pile deflection (at the sand surface) reduced as the pile diameter increased. Results of
pile groups showed that an increase in bending moment, shear force and soil reaction in front
pile than rear pile, but a decrease in the deflection due to axial load increases as the axial load
increases from 0 to 588 N on the pile cap of pile groups. The deflection profile for test with no
load indicates that piles mainly translate with slight rotation; while in test with axial load, the
piles translate and rotate. In comparison the results of pile group with single free-head piles,
maximum bending moment and shear force decrease of 30-60% and 40-60% respectively for the
piles in groups.

Lee, et al., 2013 carried out large scale model to study the effect of combined load on pile
behavior. The model consisted mainly from cylindrical steel tank and instrumented model pile
with outer diameter 30 mm and length 1200 mm instrument with 18 uniaxial strain gages with
resistance of 350 Q distributed along length. Models piles are prepared in fine clean poorly
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graded sand at loose, medium and dense relative densities. The results examined that the
combined load test effects exhibit that the presence of an axial load on a driven pile is negative
to its lateral capacity and significantly increased in lateral deflection with increasing axial load.
The bending moment at the head of pile increased with increasing soil relative density of the
model pile head in the existence of axial loads. Consequently, the effect of axial loads should be
measured in the design of laterally loaded piles in sand (particularly in the dense sand).
Muthukkumaran, and Begum, 2015. adopted the experimental model to examine the influence
of slope on laterally loaded pile capacity, the study is performed on horizontal surface and two
slopes (1V:2H) and (1V:1.5H), loose to medium density and various length to diameter ratio of
piles that behave as flexible pile for all L/deq ratios. The results observed that the lateral
resistance increased with increasing soil-pile stiffness but the capacity of lateral load reduced
when the slop surface varies from horizontal surface to slope surface and the effect was reduced
with increasing relative density and L/d ratio. In addition, the capacity of lateral load was
increased with increasing relative density, soil depth and pile embedment length but the steeper
slope was less affected. Also when the lateral load increased, the bending moment and fixity
depth increased, while the increasing of relative density results in reducing fixity depth.

Most of above previous research focused on the work on pile foundations subjected to soil
movement due to braced excavation, but the pile response under vertical load nearby
unsupported excavation can be significantly different. Therefore, in this study an attempt is made
to investigate and measured the effect of unsupported excavation on adjacent axially loaded pile
throughout experimental model. In addition one of theoretical approach (wood, 2004) is adopted
to verify behavior of single axially loaded under the same condition of experimental model.

2. MODEL BOX AND LOADING SYSTEM

Fig.1 shows the image of box model that made of steel plate with thickness (4 mm) with internal
box dimensions measures 0.80 m as length (Wy), 0.40m as width (Bym) and 0.80 m as depth
(Hwm). That are composed of eight steel - U shaped parts with width 0.10 m for each one that are
connected through a number of screws. The front face of mold consists of the of 8 steel moving
laminar parts.

3. MEASURING SYSTEM

3.1 Data Logger
Data Logger is a sophisticated data acquisition unit that provide link between computer and the
transducers connected to test equipment that is strain gauges, load cell and LVDT.

3.2 Linear Variable Differential Transformer (LVDT)

Linear Variable Differential Transformer LVDT is an energy converter that alters a linear
movement or location from a mechanical reference (or zero) into a relative electrical signal
comprising phase (for direction) and amplitude information (for distance).

3.3 Strain Gauge

Metal foil Rosette strain gauge with resistance 120 OHMS, gauge factor G.F. 2.15, size 3 mm
and 3 m Lead are used. The Rosette strain gauge consists of two located perpendicular strain
gauge with respect to each other jointly in same carriers as shown in Fig.2.
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4. THE INSTREMENTED MODEL PILE

Aluminum bars with rectangular cross section with constant thickness (3 mm) are used as model
piles. Different length to equivalent diameter was design to simulate the problem. The model pile
was instrumented with four pairs of Rosette strain gauges were each pair glued at opposite
largest faces in same location at intervals of L/4, L/2, 7L/8 with bending connection. In addition
At interval approximately 7L/8 other pair was existed to measure axial compression or tension
connection with full bridge circuit for all pairs. See Fig.3.

5. SOIL PROPERTIES AND MODEL BOX PREPARATION

The selected sample classified as silty sand with trace of clay according to USCS classification.
The friction angle of the soil is determined to be 36° and the constrained modulus is measured to
be 5.0-7.0 Mpa. Tablel summarizes the main physical properties of the selected soil.

The preparation process is carried out of soil for testing with different length of model box (Ww).
The length of mode box is depended on the horizontal distance of excavation from face of
excavation to axially loaded pile at specified length.

The model pile is tested under applied axial working load that obtained after examining different
criteria such as; Ahmed, 1997, Brinch, 1963, Butler, and Hoy, 1977, Chin, 1970 Davisson,
1970 and 1972, De Beer, 1967, Decourt,1999, Fuller, and Hoy, 1970. By numerical analysis
using different methods of pile load test are tabulated in Table 2.

6. PILE RELATIVE FLEXIBILITY

At the beginning, the pile response is defined as short rigid or infinitely long elastic pile
throughout calculating the stiffness factors R and T. Those factors that combine the effect of soil
and pile properties are not constant for any soil and depend on pile diameter and depth. The soil
modules K is related to Terzaghi's concept of modules of horizontal subgrade reaction. In case
of cohesion less soil the soil modules is function of relative density and increase linearly with
depth, the stiffness factor for cohesion less soil calculated from following equations:

s|EI
Stiffness Factor T = o inunit of L (D
h

Where:

E: Modules of elasticity of model pile which calculated and results are displayed in chapter three
in unit of F/L?.

I: Moment of inertia about the weak axis towards the excavation (Imin = bh*/12) for rectangular
cross section of model pile in unit of L*

nn: parameter to define the variation of Ks with depth in unit of F/L3.

Fig. 4 presents n, variation as function of relative density that are suggested by Terzaghi and
Reese et al., The n, value suggested by Reese et al is significantly higher than Terzaghi
therefore the average value of nn between two approach is considered in this study ny is equal
7.5 MN/m?® for relative density about 50% at medium dense state for soil sample prepared in
model tests. The criteria for pile behavior as short rigid or long flexible are tabulated in Table 3,
Tomlinson, 1994. Table 4 displays the calculated stiffness factor T and thus determines the
criteria for pile behavior. It is obviously seen all model piles behave as flexible element.
Furthermore, other flexibility criteria to describe pile behavior basing on rigidity factor (Kr =
Ep.Ip/EsL*) ,Poulos, and Davis, 1980, where:
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Kgr < 10e-1 (Rigid pile.
Kr < 10e-3 (Med flexible pile)
Kgr < 10e-5 (Very flexible pile)

Table 5 shows the determination of rigidity factor Kg , all model piles of different length and
cross section are behavior range between medium flexible pile to very flexible pile.

7. TESTS RESULTS

The calculated bending moment is normalized with respect to coefficient of passive earth
pressure K,, total unit weight of soil y and pile moment of inertia I. Additionally the measured
pile deflection Ux and pile settlement Uy were normalized with respect to equivalent pile
diameter of same recognized pile. The results of three model piles are displayed for L/deq 20, 53
and 97. The closest horizontal distance of excavation equals L/4, L/8 and L/12 for L/deq ratios
20, 53 and 97 respectively.

Fig. 5 shows the variation of pile head deflection Ux/deq with excavation horizontal distance to
pile length Lex/L for model piles of L/deq ratios 20, 53 and 97 respectively. Each figure
includes two profiles of variation the normalized pile head deflection for depth of excavation L/2
and L. It appears that the increases in magnitude of pile head deflection Ux/deq is being about
200% as compared to previous stage especially for horizontal distance of excavation less than
L/2.The pile head deflection is decreased by approximately 70% as the excavation horizontal
distance increases from closest distance to L/2 horizontal distance and decreases by
approximately 85% as the excavation horizontal distance increased from closest to L horizontal
distance.

Fig.6 shows the variation of pile head settlement profile Uy/deq with excavation horizontal
distance to pile length Lex/L for model piles of L/deq ratios 20, 53 and 97 respectively. Each
figure includes two profiles of variation the normalized pile head deflection for depth of
excavation L/2 and L. The pile head settlement is decreased by approximately 20-40% as the
excavation horizontal distance increases from closest horizontal distance to L/2 horizontal
distance and decreases by approximately 50% as the excavation horizontal distance increases
from closest horizontal distance to L/2 horizontal distance.

Figs.7 to 9 show the variation of bending moment profile with excavation horizontal distance to
pile length Lex/L and depth of excavation for model piles of L/deq ratios 20, 53 and 97
respectively. In general the bending moments decrease with increasing horizontal distance of
excavation for different depth of excavation and L/deq ratios. For medium flexible pile the
bending moments decrease from negative value to slightly positive (reverse the excavation) with
increasing horizontal distance of excavation especially as horizontal distance of excavation more
than half pile length Lex > L./2 and depth of excavation less than half pile length Hex< L/2. The
maximum bending moment increases by about 70 % along pile length as the horizontal distance
of excavation gets closer than (L/2) to the closest possible horizontal distance for all examined
excavation depths. The largest variation of the maximum bending moment with horizontal
excavation distance at L/4 and L/2 but little effect observes near pile base.

In this paper, the theoretical work of Wood, 2004, is adopted in addition to experimental models
to verify behavior of single axially loaded pile exposed to lateral soil movement due to adjacent
excavation. Wood, 2004, solved the differential equation of pile deformation and presented
design charts to estimate bending moment and deflection along model pile. Fig. 10 presents the
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normalized bending moment profiles that predicted from experimental model of different L/deq
ratios. In addition the points of theoretical normalized bending moment are represented on same
figures that evaluated referring to Wood, 2004. The measured and predicted responses of the
model piles are in good agreement for very flexible pile (L/deq > 45) but less agreement notices
for medium flexible pile (L/deq < 45).

8. CONCLUSIONS

1. The pile head deflection increases with decreasing horizontal distance between
excavation face and adjacent axially loaded pile of various depths of excavation and lengths to
cross section ratios (L/deq).

2. The pile downward settlement increases with decreasing horizontal distance between
excavation face and adjacent axially loaded pile for various L/deq ratios and depth of excavation.
It is attributed to decrease the confining pressure, passive resistance and density of particles
distribution of soil below and surrounding model pile.

3. Insignificant effect of excavation at horizontal distance more than half pile length
Lex>L/2for all L/deq ratios.
4. The horizontal distance of adjacent excavation is noticeably affected on bending

moments along the pile. It can be noticed that maximum bending moment increases with
decreasing horizontal distance between excavation face and adjacent axially loaded pile for
various depths of excavation and lengths to cross section ratio of L/deq. This finding may
attributed to the soil lateral movement resulting due to the excavation.

5. The location of maximum bending moment is positioned between L/4 and L/2 of pile
length for all horizontal distance of excavation, depth of excavation and L/deq ratios.
6. The bending moment profiles are showed (single curvature) for medium flexible piles

and (double curvature) for very flexible piles of different horizontal distance between excavation
face and adjacent axially loaded pile and various depths of excavation.
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NOMENCLATURE

BM: width of model box

LVDT: linear variable differential transformer
HM: depth of model box

WM: length of model box

G.F.: gauge factor

L: length of model pile.

Ux: pile head deflection

Uy: pile head settlement

deq: equivalent pile diameter

T: stiffness factor

E: modules of elasticity of model pile

I: moment of inertia

np: parameter to define the variation of Ks with depth.
B : parameter for soil-pile interaction.
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Figure 1. Image of experimental model Figure 2.Rosette strain gauge used in
box with detailed dimension. experimental work.

Figure 3. Instrumented model pile with
four pairs of Rosette strain gauges.
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Tablel. Material properties of selected soil.

Test Name Standard Soil Property Value
Specific Gravity (ASTM D-854) Specific Gravity, Gs 2.67
Water Content (ASTM D-2216) Natural Water Content, ¢ % 8-10
Dig,mm 0.07
D3p,mm 0.18
Dgo,mm 0.23
Coefficient of Uniformity, Cu 3.286
Coefficient of Curvature ,Cc 2.012
0
Clay % 3.02
Grain Size Analysis Silt %
e Sieve Analysis (ASTM D-422) 6.10
e Hydrometer Analysis Coarse to Medium Sand % 14.85
i 0,
Fine Sand % 74.45
0
Gravel % 158
Unified Classification System
(USCS) SP-SM
Amount of Material finer Amount of Material finer about
about N0.200 (75-um) | (ASTM DB-1140) N0.200 (75-pm)% 14.60
Maximum _Index Unit (ASTM D-4253) Maximum Dry Ul’ll;f Weight Ymax 1672
Weight gm/cm®
Minimum I_ndex Unit (ASTM D-4254) Minimum Dry Unlg Weight Ymin 1367
Weight gm/cm
Relative Densit ASTM D-4254 48-55
Calculation y & Relative Density, RD % Med.
ASTM D-4253 Dense
Organic Matter BS 1P3a7rz:31990 Percent of Organic matter % 4.07

Table 2. Working load values of different pile length and equivalent diameter.

. Equivalent .
Pile Length Diameter L/deq Working Load
mm KN
(mm)
200 9.775 20 0.220
400 7.571 53 0.180
600 6.182 97 0.250

30




Number 6

Table 3. The criteria of pile behavior, Tomlinson, M.J. 1994.
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Pile Type Soil Modules
Rigid ( Free Head ) L<2T
Elastic ( Free Head ) L=>A4T

Table 4. Model piles flexibility basis on stiffness factor T.

Embedment Width . Ep.lp Pile
Depth(m) L/deq (m) I (min) (MN.m?) ol 2T Criteria
0.185 20 25.00 5.625E-11 422E-06 | 0.056 | 0.225 | 0.112 |>4T
0.385 53 15.00 3.375E-11 2.53E-06 | 0.051 | 0.203 | 0.102 Elastic
0.585 97 10.00 2.25E-11 1.69E-06 | 0.047 | 0.187 | 0.094
Table 5. Model piles flexibility basis on rigidity factor Kg.
Pile Pile Equivalent . Kr Relative
Cross . I min 4 .
Length A Diameter L/deq 4 Ep.1/EsL Pile
rea m o
mm mm Flexibility
mm?2
Med.
200 75 9.775 20 5.625E-11 2.25E-03 Flexible
Pile
400 30 6.182 65 2.250E-11 | 4.27E-05 very
Flexible Pile
Very
600 30 6.182 97 2.250E-11 | 7.72E-06 Flexible
Pile
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ABSTRACT

This paper studies the combination fluid viscous dampers in the outrigger system to add
supplementary damping into the structure, which purpose to remove the dependability of the
structure to lower variable intrinsic damping. It works by connecting the central core, comprising
either shear walls or braced frames, to the outer perimeter columns.

The modal considered is a 36 storey square high rise reinforced concrete building. By
constructing a discrete lumped mass model, and using frequency-based response function, two
systems of dampers, parallel and series systems are studied. The maximum lateral load at the top
of the building is calculated, and this load will be applied at every floor of the building, giving
a conservative solution. For static study Equivalent Lateral Force (ELF) was conducted.
MATLAB software, has been used in this study.

From analysis data, it is observed that the parallel system of dampers result lower amplitude
of vibration and achieved more efficiently compared to the series system, and the horizontal
displacement for each configurations by using MATLAB software is less than the analytical
solution using a uniformly distributed load of 36 nodal point forces that divided the total height.

Key words: outrigger system, fluid viscous damper, discrete model.
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1. INTRODUCTION

Outrigger is a common system of strengthening and stiffening tall buildings. It works by
connecting the central core, comprising either braced frames or shear walls, to the outer
perimeter columns. The explication of building outrigger behavior is easy because outriggers
represent as firm arms engaging external columns, at the point when a core have a tries to
incline, its rotation at the outrigger level generates a tension- compression couple in the external
column moving contrary to that movement. As the outcome, the outrigger restrict the bending of
the core by introducing a point of inflection in the deflection profile, as shown in Fig.1. Thus
decreasing the lateral motion at the top when the reversal in curvature, Nanduri, et al., 2013;
and Melek, et al., 2012.

Besides at the outrigger intersection lowering the core moment, the system equals the
differential shortening of exterior columns coming from axial load imponderables and
temperature. Another influence of using outriggers is the considerable lowering of net tension
and uplift force at the foundation level, Choi, et al., 2012.

The damped outrigger system works by the insertion of viscous dampers between the
external columns and the outriggers. When it was done, there was a considerable rise in
damping, Willford, and Simith, 2008. Therefore, the outrigger system was used as one of the
structural system to control the excessive drift during lateral load due to earthquake load.

2. STRUCTURAL DESCRIPTION AND MODELING
2.1 Structural Parameters

The modal considered in this study is a 36 storey square high rise reinforced concrete
building with a base dimension of 30 m by 30 m. The floor to floor height is 4 m contributing to
a total building height of 144 m. The building has a 14 m by 14 m central concrete core with a
thickness of 45 cm. The building has two outrigger arms cantilevering from the core to the
perimeter columns from each of the side of the core. W14X398 sections with an approximate
cross-section area of 0.15 m® used as the perimeter columns, Gamaliel, 2008; and Smith, and
Willford, 2007.

The gravity system used in conjunction with central concrete core consists of 25 cm thick
reinforced concrete slabs, with beams section of 45 cm X 70 cm, and square reinforced concrete
columns (45 cm X 45 cm). Fig. 2 summarizes the building dimensions described.

2.2 Structural Model

To create a realistic modal of the proposed building described in section 2.1, each floor of the
building will be modeled as a series of masses lumped at the center of the core. Each mass has
two degrees of freedom, the vertical translation degree of freedom has been neglected to simplify
the modal, as shown in Fig. 3.

The general discrete equation of motion written in matrix form as

MU+ CU + KU=P (1)
To obtain the global stiffness matrix, the direct stiffness approach is used. A standard two-

node member element with two degrees of freedom for each node is considered in this study.
The element stiffness matrix are given by
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AE . . 9 12EI 2) 6EI
(L (sina)* + TR (cosa) oz cosa

k(n)AA = 6EI AEI (2)

—- cosa —

L L

AE . 12EI 6EI
(_T (sina)? + —5 (cos a)z) —7 cosa

k(n)AB = 6EI 2EI (3)

——-cosa —

L L

(—AL—E (sina)? + % (cos a)z) —% cosa
k(m)pa = 6EI 2El (4)

—- cosa
L L

AE , . 12E1 EI
(T (sina)? + -5 (cos a)z) - 6L—2 cosa
k(n)pp = 6EI AEI ()
—=— cosa —
12 L

Where, A = area of the lumped mass = 53.19 m?2, E = elastic modulus of the core, I = moment of
inertia of the lumped mass with respect to the bending axis = 3184.406 m*, L = floor height
= 4 m, a = angle of reference with respect to the global coordinate = 0, b = core length = 14 m,
and t = core thickness = 0.45 m.

The mass matrix M is a diagonal matrix containing the floor mass as well as the rotational
inertia of the following form

M, 0
[ J1 ]
M =| I (6)
| M3¢
0 J36
Since the floor layout is the same throughout the building height, M; = My = -+ = Mg = M.
Similarly, the rotational inertia entries are equal throughout the height, thus J; = J, =+ = Jgg = J.

Rotational inertia is assumed to be provided by the concrete core system only, and the gravity
system have negligible effect on rotation because it is not rigidly attached to the core, Gamaliel,
2008.

Where, M = nodal mass = gravity system mass (m¢) + core mass (m¢) = 1,100,093 Kg;
J=nodal rotational inertia = 7,895,042.64 Kg m>.

The intrinsic damping in a high-rise building is a key design parameter. Although the effect of
damping is less important for seismic response than for wind response, the values assigned to
structural damping should be selected with care. The intrinsic damping ratio of between 1% and
2% appears reasonable for buildings more than 50 m and less than 250 m in height, Willford, et
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al., 2008. While some studies using the intrinsic damping ratio of 2.5% for 50 storey high rise
reinforced concrete building, Melek, et al., 2012,

2.3 The Damped Outrigger Concept

The concept of the damped outrigger is shown in Figs. 4,5 and 6. Fig. 4 appears how the
outrigger systems activate in easy conditions while incorporated inside a usual core-to-perimeter
columns outrigger systems. As a structure subjects dynamic sway motion, there is proportional
vertical motion between the ends of stiff outrigger element that cantilevering from the core and
the perimeter column. There are needful for the outriggers to shift vertically proportional to the
floor at these levels, while the floors bend in double curvature to stay attached to the outer
columns and the central core. The dampers are incorporated across this building discontinuity,
dissipating energy through the cyclic motion, and producing the raise in the total damping for the
structure. Fig. 5 shows in terms of a conceptually the form of detail commonly wanted at the
level where the damper is incorporated. The arranging can be as shown in Fig. 6 at the outriggers
level in this situation, Smith, and Willford, 2007.

2.4 The Damped Outrigger Model

While the concept given by Willford and Smith, 2008 implies that the perimeter columns is
in series configuration with the dampers, as well be studied parallel configuration of columns
and dampers by Gamaliel, 2008 to provide a good comparative study, as shown in Fig. 7.

The approach to drive typical damper characteristic is based on macroscopic point of view.
Where in this point of view, the stiffness is defined based on the slope of the diagonal line of the
hysteresis loop and the damping is derived from the hysteresis loop of tested damper, Al Mallah,
2011. Then, obtain the equivalent complex stiffness for both parallel and series configuration.

2.4.1 Hysteresis loop and characteristics of tested damper
Considering a simple single degree of freedom (SDF) system with a viscous damper is
subjected to a harmonic load, under steady- state response, the damping force equals to:

P(t)=C, %= C, wu, cos(wt — 8)=C, wJuz — uz sin?(wt — §)

=Cow+ u2 — [u(t)]? (7)
(&) + o) =1 ©

Which is the equation of the ellipse shown in Fig. 8. The area in closed by the ellipse is
m (u,)(C, wu,) = mC, wu? ,which is equal to the dissipated energy

ED:anwﬂ K u? (9)
Due to harmonic force with w = w,,, and based on macroscopic point of view, the loose
stiffness, K, is defined based on the slope of the diagonal line of the hysteresis loop. The

damping coefficient, C,, is equal to the loose stiffness divided by w, and is also calculated from
above as:
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C,= —2, (10)

Tw ug

The equivalent damping ratio {., calculated from a test at w = w, would not be right at any
exciting frequency, but it would be a satisfying approximation.

Coq == 2= (11)

a 4t Ego

Where the strain energy, Eso = Ku2 /2 is calculated from the stiffness K resolved by
experience, Chopra, 2008. Based on the above, C, and {., can be calculated from hysteresis
loop of the tested dampers.

The model considered for this study is based on that the material behavior is in linear elastic
range. However, it must be mentioned that most dampers classified as viscous dampers do not
behave fully linear over the range of the entire velocity due to nonlinear material behavior and
sealing friction which ends up in a nonlinear viscous behavior at small velocities.

2.4.2 Derivation of equivalent complex stiffness

Damping introduces complexity to the solution by adding a term involving velocity. In order
to define the complex frequency-response function, the steady-state motion of a SDOF system is
applied for both parallel and series configuration, which the equivalent complex stiffness can be

expressed as:
- Parallel configuration, The harmonic motion at the forcing frequency, w, can be expressed as

u(t) = Hy(w) et (12)
u(t) = iw Hy(w) et (13)
The equation of motion for the parallel configuration of damper and column is

P(t) = ke u(t) + Cu(t) = (ke + iwC) Hy(w) = keg Hy(w) (14)
Keg = keor + i@C (15)

, Chopra, 2008 and Gamaliel, 2008, See Fig. 9.
-Series configuration, The harmonic motion at the forcing frequency, w, can be expressed as

u(t) = H,(w) et  and u(t); = H,yq(w) et (16)
u(t) = H,(w) et and u(t); = iw Hyq (o) et (17)
Then, the equation for the series configuration of damper and column is:

P(t) = ko u(t)y = C (a(t) —it(t)) (18)

(iwC) Hy(w) = (ko1 + iwC) Hyy(w) (19)
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iwC

Ho1(@) = =2 Hy(w) (20)
(t) = XealC g (@) = key Hy(w) 21
pit) = keor+ iwC ul@) = Keq [y @ (21)
. _ km,iwC

“Heq = keor+ iwC (22)

,Chopra, 2008 and Gamaliel, 2008, See Fig. 10. The above procedure has been derived the
equivalent complex stiffness for both parallel and series damper configuration. The next step is
to obtain the rotational stiffness at the outrigger level.

2.4.3 Derivation of the rotational stiffness

The column-restrained outriggers oppose the rotation of the core, when subjected to lateral
loads, causing the moments and the lateral deflections in the core to be minimal than if the
freestanding core alone resisted the loading. The exterior moment is now resisted not by bending
of the core alone, but also by the axial compression and tension of the exterior column connected
to the outrigger, Taranath, 2010.

The axial shortening and elongation of column is clearly equal to the rotation of the core
multiplied by their particular distances from the exterior column to the center of the core. If the
distance of the equivalent columns is d/2 from the central core, the axial distortion of the
columns is then equal to fd/2, where B is the core rotation. Then the stiffness of the equivalent
spring is studied for unit rotation of the core (i.e., B = 1), therefore the axial deformation of the
equivalent columns is equalize to 1 X d/2 = d/2 units, Taranath, 2010.

The corresponding axial load is as following

p(t) =AEd/2 (aH) (23)

p(t) is the column axial load; A is the column area; E is the modulus of elasticity; d is the
distance from the center of core to the exterior column; aH is the height at the outrigger level.
Using the notion Kg for the rotational stiffness, and noticing that there are two equivalent
columns, each situated at a distance from the core, we obtain

Kp=p(t) x d/2 x2 (24)
AE d?
KR = 2aH (25)

The addition of rotational stiffness to the core at the outrigger level can be obtained as follows
M= p(t) x d/2 (26)

Where, p(t) = keq Hy(w), Hy(@) = 5 B,and M = Ky

K= Keeq (2) (27)
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2.5 Applying Outrigger Effect to Discrete Model

The effect of the outrigger can be modeled by introducing a minor change in the stiffness matrix.
A rotational spring is to be added to the nodal point where the outrigger is located. Hence, the
outrigger nodal point will have a modified rotational stiffness comprised of the existing
rotational stiffness from the core (cantilever beam) and the rotational stiffness, Kg, from the
outrigger. From previous section, the value of Kp has been derived. Because the Damping
introduces complexity to the solution by adding a term involving velocity, the equivalent
complex stiffness has been derived for both parallel and series damper configuration, and has
been incorporated this effect into the stiffness matrix of the core, Gamaliel, 2008 and Taranath,
2010.

In the case of a damped outrigger, the damping matrix, C, is required to solve the full
differential equation of motion. The conventional approach is to work in the real domain by
constructing the damping matrix and introducing the damping coefficient C, at the location
corresponding to the rotation of the outrigger node. However, it is algebraically more convenient
to work in the complex domain, by collapsing the C matrix altogether and lumping the effect of
damping into the stiffness matrix, forming an equivalent complex stiffness matrix, Gamaliel,
2008, which has been obtained in section 2.4.1.

3. STATIC ANALYSIS
3.1 Equivalent Lateral Force (ELF) Analysis

The ground motion risks that rely on the regional seismicity depending upon a list of basics.
Then considered to be ingrained in building designed to ASCE 7-05 the design ground motions
are depend on the margin of a minimal bound evaluation versus collapse. Depend on experiment
this minimal bound has been believed in ground motion to be almost a factor of 1.5, Taranath,
2005. Subsequently, the design earthquake ground motion has been selected at a ground motion
shaking level that is 1/1.5, which is equal to the 2/3 of the MCE ground motion.

ASCE 7-05 explains the MCE ground motion at short periods, Ss, in terms of the mapped
values of the spectral response acceleration and also at 1 second, S1, for site class B for soft
rock. These values may be gained from the map developed by USGS. The maps developed by
USGS define sites of fault using both the probabilistic and deterministic proceedings, and
contours of random horizontal acceleration values, Taranath, 2005.

In this study, the parameters Ss and S1 determine from the major map developed by USGS, in
Irvine, California for site class D, using an importance factor, I, is equal to 1 for the Occupancy
Category 11, and the effective seismic weight, Wx at each node is equal to 12,000 KN.

The seismic base shear, V, in accordance with (Eq. 12.8-1, ASCE 7-05) is

V=Cs wt (28)

The seismic response coefficient, Cs, shall be determined in accordance with the following
equation:

SDs
(%)
Ig

Where, SDS, design spectral response accelerations; R, response modification factor see (Table
12.2-1, ASCE 7-05).

Observing ASCE 7-05 does not give a separate formula for calculating the concentrated force
Ft at top. Its effect is automatically included in the manner in which the base shear, V, is

Cs= (29)

38



Number 6 Volume 22 June 2016 Journal of Engineering

distributed vertically over the building height. For a structure with n levels, the force at
diaphragm level x is given by the equation:

Fx = Cvx V (30)
Where, Cvx = vertical distribution factor.

3.2 Static Analysis of Single Outrigger
3.2.1 Optimum location of the single outrigger

The preceding analysis has assigned to that the useful action of outrigger is a function of two
special characteristics: (1) the stiffness of the equivalent spring; and (2) the value of the rotation
at the spring location of the cantilever due to lateral loads. The spring stiffness, which is
derivation in Section 2.4.3, is a function of column length beneath the outrigger site, which
differs inversely as the distance of the outrigger from the base. For example, the stiffness is at a
minimal when the outrigger exists at the top and a maximum when at the bed.

On the other hand, the rotation, é,, of the free cantilever subjected to a uniformly lateral load
differs parabolically at the top with a maximum value to zero at the bottom. Therefore, from the
point of view of spring stiffness, it is eligible to set the outrigger at the bottom, whereas from
estimation of its rotation, the converse is true. It must therefore be clear that the optimum
location is somewhere in between.

To evaluate the optimum location, first the restoring moment, Mx, of the outrigger situated at
X is estimated. Next, a equation for the deflection at the top of the core due to Mx is derived.
Differentiating this equation and equating a zero results in a third-degree polynomial, the
solution of which yields the outrigger optimum location identical to the minimum deflection at
top of the building due to external load. The rotation 6,, of the cantilever at a distance x from the
top, due to uniformly distributed load w, is the derivative of its deflection profile, is given by the
relation:

Ou = % (X3 - 1% (31)

The rotation due to the restoring couple Mx is given by the relation:

L-X Mx Mx
Ox = fO I dx—E (L—X) (32)
Knowing the rotational stiffness K, one can find the moment in the spring Mx, by satisfactory
the rotation compatibility relation at a distance x from the top. The final rotation of the cantilever

Mo p3 4 x3) = Mx — Mx

EIG(L+X) EI(X+L)—KR (33)
The negative sign mentions that the rotation of the cantilever due to external load acts in a
direction opposite to the rotation due to the spring stiffness.

w13 3N\ (-X+L) x 2 (—X+L)] . _ i
EI6( L*+X°) = M. AE ., d? BT ’Letg_AEcold2+2EI
_ w(x3-13)
T 12E1(L-X)g (34)
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Next, the deflection at the top due to Mx is obtained, by the integration of the Bending-
Moment Equation:

)=z (L—X)(L +X) (35)

The optimum location of the outrigger is that location for which the deflection u(L)x is a
maximum. This is gained by substituting Mx into the equation above and differentiating with
respect to a distance x from the top and equating to zero.

w(x3-L3)L-X)(L+X) _ w(-L3+X3)(L+X)

u(L)x= 24E12(L-X)g EI224g

(36)

Thus, dy/dx of, 0 = w(EXTLrax’- L)
! ! 24EI%g
This cubic equation has a single positive root, x = 0.445L. Therefore, to minimize drift, the
outrigger must exist at a distance x = 0.455L form the top or, say, approximately at midheight of
the building. This corresponds most closely to story number 19.

3.2.2 Deflection calculations
The two major limitation of an outrigger systems are the maximum moment at the base of the
building, and also the horizontal deflection at the top of the building. The maximum horizontal
deflection needs to be below an acceptable limit of human comfort. The moment at the base
has no effect on human comfort, but has a great effect in the overall building cost as far as
member sizes and foundation system, Gamaliel, 2008.

A simple cantilever beam subjected to uniform loading is considered and the deflection profile
is given by:

ux) =5 — (X* - 4XL3 + 3L%) (37)

where the value, X, is the distance from the top. Then the deflection at the top due to uniform
load is

w L4

ul): =" (38)

The deflection at the top due to Mx, which Mx under the outriggers restraint is the resorting
moment, is

u@)z=55; (L~ X)(L+X) (39)

The deflection at the top is simply the superposition of the cantilever beam due to the moment
induced by the rotational spring and due to the uniform load:

u)rz ="~ [ 22 (L - XA+ X)]

w(-L3+X3)(L+X)

wL* 3 EI 3
ull)yz= py Z1ERg , Let f=3 EIX g=

AEcd? ' 2
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WL w(x*+ x3L-xL3- L*)
ul)yz = 8EI 8EIZ f
ul)yz=——[1* - 2(x* + X3L - XL3 — L% (40)
12 =8 El f

The analytical solution, by using a uniformly distributed load of 36 nodal point forces that
divided the total height, gives a value of 0.224 m.

3.3 Static Analysis Using Software Program

The different outrigger systems appoint the use of viscous dampers. The discrete model is run
in MATLAB software for four different configurations,

(1) outrigger with damper in series;

(2) outrigger with damper in parallel;

(3) outrigger without damper;

(4) system without outrigger.

For static case, the forcing frequency w is set to zero for each series and parallel
configurations. Therefore, mathematically it can be shown as w — 0; the equivalent stiffness for
series is:

kcor iwC
kcor+ iwC

keq = -0 (41)

This proposes that the outrigger system with series damping behaves completely as a system
without outrigger under static loading. For parallel the equivalent stiffness is

keq = (Keot + iwC) - keg (42)

This implies that the outrigger with parallel damping configuration behaves as a typical outrigger
under static load.
The matrix equation run in MATLAB to be solved is:

k,,U=P (43)

eq

The outrigger location must be the addition of the rotational stiffness to the core for each
configuration. Fig. 11 shows the horizontal displacement along the height of the building for
each configurations. It can be seen that the curve for configuration (1) and configuration (4)
matched with each other, and the curve for configuration (2) matched with the curve for
configuration (3). The horizontal displacement for configuration (1) and configuration (4) at the
top of the building is equal to 0.206 m, and for configuration (2) and configuration (3) at the top
is equal to 0.1976 m.

3.4 Story — Drift Limit

The story drift, Ay, is calculated from previous analysis, from data of Fig. 11, compared with
the allowable story drift (Aa) as gained from (ASCE 7-05, Table 12.12-1), for any story.

The allowable drift (Aa) in the ASCE 7-05 is based on the selected building system and
dependent on building occupancy category. From , ASCE 7-05, Table 12.12-1, the value of (Aa)
is equal for any story (0.08 m), because the story height is equal for any story.

The determination of story drift, Ax, uses the next steps:
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1. Determine the horizontal displacement at each floor levels by an elastic analysis of the
building under the design base shear(see Fig. 11). The horizontal displacement at floor level x,
obtained from this analysis, is termed dxe. The subscript “e” stands for elastic analysis.

2. Increase dxe by the deflection amplification factor, Cd ; see (Table 12.2-1, ASCE 7-05), for
Cd values. The resulting quantity, Cd dxe, is an estimated design earthquake displacement at
floor level x. ASCE 7-05 requires this quantity to be divided by the importance factor, Ig,
because the forces under which the dxe displacement is computed are already amplified by I.

The quantity Cdoxe/le at floor level X is ox, the adjusted design earthquake displacement.
ox = Cd dxe/le (44)

3. Calculate the story drift ox for story x (the story below floor level x) by deducting the adjusted
earthquake displacement at the bottom of story x (floor level x — 1) from the adjusted earthquake
displacement at the top of story x:

Ax=—(0x—1) + ox (45)

The Ax values must be kept within limits, see (Table 12.12-1, ASCE 7-05). Two items are
noting:

1. The redundancy coefficient, p, is equal to 1.0 for the computation of the design story drift,
where a redundancy factor, p, shall be assigned to the seismic force-resisting system in each of
two orthogonal directions(ASCE 7-05).

2. For determining compliance with the story drift limitations, the deflections, dx, may be
calculated corresponding to the fundamental period of the structure(ASCE 7-05). The values for
Ax and Aa are shown in Table 1.

3.5 P — Delta Effects

The PA effects in a given story are due to the eccentricity of the gravity load above that story.
If the story drift due to the lateral forces were Ay, the bending moments in the story would be
augmented by an amount equal to Ax times the gravity load above the story. The ratio of the PA
moment to the lateral-force story moment is designated as a stability coefficient, ¢. If the
stability coefficient ¢ is less than 0.10 for every story, the PA effects on story shears and
moments and member forces may be neglected. If, however, the stability coefficient ¢ exceeds
0.10 for any story, the PA effects on story drifts, member forces, shears, etc., must be determined
by a rational analysis.

where the stability coefficient (p) as determined by the following equation(ASCE 7-05):

Px ax

__Pxax 46
Vx hgx Cd ( )

P

Where, Py = the total vertical design load at and above Level x (kip or KN), where computing
Py no individual load factor need exceed 1.0; Ax = the design story drift as defined in Sec. 3.4
revolving simultaneously with Vx (in or mm); Vx= the seismic shear force acting between
Levels x and x — 1 (kip or KN) as determined by the following equation(ASCE 7-05):

Vy = )oL.F (47)

i=x"i
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where F;= the portion of the seismic base shear(V)(kip or KN) induced at Level i; hgy = the
story height below Level x (in. or mm); Cd = the deflection amplification factor in (Table 12.2-
1, ASCE 7-05).

The stability coefficient (¢) shall not exceed gpmax determined as follows(ASCE 7-05):

05
Puax = sCd

<0.25 (48)

where f is the ratio of shear demand to shear capacity for the story between Levels x and x—1.
This ratio is permitted to be conservatively taken as 1.0(ASCE 7-05). Consequently, the value
omax is equal to 0.1. The values for ¢ are shown in Table 2.

4. CONCLUSIONS

1. The optimum location of the outrigger is that location at a distance x = 0.455L form the
top or, say, approximately at midheight of the building.

2. The analytical solution, by using a uniformly distributed load of 36 nodal point forces
divided the total height, gives a value of 0.224 m.

3. The related results, at the discrete model run in MATLAB software for four different
configurations, are as follows:

e The horizontal displacement for configuration (1) and configuration (4) at the top of the
building is equal to 0.2060, and for configuration (2) and configuration (3) at the top is
equal to 0.1976. This implies that the outrigger with series damping configuration
behaves as a system without outrigger under static loading, and that the outrigger with
parallel damping configuration behaves as a regular outrigger under static loading.

e The horizontal displacement for each configurations by using MATLAB software is less
than the analytical solution, 0.224 m.

4. The related results, compared the story drift, Ax, calculated from previous analysis with
the allowable story drift (Aa = 0.08 m) as obtained from (ASCE 7-05) for any story, are
as follow:

e From configuration (1) to configuration (4) the story drift is less than the allowable
story drift, which is able to pass the requirement.

5. The stability coefficient ¢ for every story is less than 0.10; therefore, the PA effect on
moments and member forces and story shears may be neglected.

6. From analysis data, the parallel placement of viscous damper result in lower amplitude of
vibration compared to when the damper is in series.

7. The result of analysis suggests that viscous dampers should be installed in parallel with
the perimeter column where the outrigger connects. However, to achieve this type of
parallel connection takes more of a construction challenge than connecting it in line with
column as proposed by Smith and Willford, 2007. Two columns side by side will be
required to connect the damper in parallel.
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NOMENCLATURE

A = area of the lumped mass, m?.

aH=Height at the outrigger level, m.

b = core length, m.

Co= damping coefficient, N.s/m,

Cd = deflection amplification factor, dimensionless.
Cs = seismic response coefficient, dimensionless.
Cvx = vertical distribution factor, dimensionless.
E =elastic modulus of the core, Pa.

Ep = energy dissipation, N.m.

Ego= strain energy, N.m.
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Fx=the force at diaphragm level x, kN.

H,,(w) =Complex frequency-response function, dimensionless.

| = moment of inertia of the lumped mass, m*.

J= nodal rotational inertia, Kg m?.

K= Stiffness matrix, N/m.

K,=loss stiffness, N/m.

Kr=Rotational stiffness, N/m.

k.,;=Stiffness of column, N/m.

k.q=Equivalent complex stiffness, N/m.

L =floor height, m.

M=Mass matrix, Kg.

Mx = restoring moment, KN.m.

P.=A complex periodic loading function, kN.

S1=Mapped MCE, 5 percent damped, spectral response acceleration parameter at a
period of 1, %og.

Ss=Mapped MCE, 5 percent damped, spectral response acceleration parameter at
short periods, %g.

t =core thickness, m.

u= displacement of the system and the damper, m.

u=velocity of the piston, m/s.

u,=amplitude of the displacement, m.

V= base shears, kN.

W,=the portion of the total gravity load of the structure at level i, KN.

W, =effective modal gravity load, kN.

Wx=effective seismic weight at each node, kN.

w=frequency of motion, rad/s.

wy, =Vibration Natural Frequency, rad/s.

d=phase angle, rad.

¢ =damping ratio, dimensionless.

{eq =€quivalent damping ratio, dimensionless.

p=rotation of the core, rad.

6w = rotation of the cantilever at a distance x from the top, rad.

o = stability coefficient, dimensionless.
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Table 1. (The values for Ax and Aa)

Level Ax(m) Ax(m) Aa(m)
(from Configuration Configuration The allowable drift
the top) (1)&(4) (2)&(3)

36 0.0422 0.0404 0.0800
35 0.0421 0.0404 0.0800
34 0.0420 0.0404 0.0800
33 0.0415 0.0404 0.0800
32 0.0420 0.0403 0.0800
31 0.0420 0.0402 0.0800
30 0.0419 0.0401 0.0800
29 0.0417 0.0400 0.0800
28 0.0415 0.0398 0.0800
27 0.0413 0.0396 0.0800
26 0.0410 0.0392 0.0800
25 0.0406 0.0390 0.0800
24 0.0403 0.0385 0.0800
23 0.0398 0.0380 0.0800
22 0.0392 0.0375 0.0800
21 0.0386 0.0369 0.0800
20 0.0379 0.0361 0.0800
19 0.0371 0.0354 0.0800
18 0.0362 0.0346 0.0800
17 0.0352 0.0338 0.0800
16 0.0342 0.0327 0.0800
15 0.0329 0.0316 0.0800
14 0.0316 0.0303 0.0800
13 0.0302 0.0291 0.0800
12 0.0286 0.0275 0.0800
11 0.0269 0.0260 0.0800
10 0.0251 0.0242 0.0800
09 0.0231 0.0223 0.0800
08 0.0210 0.0204 0.0800
07 0.0188 0.0181 0.0800
06 0.0163 0.0158 0.0800
05 0.0137 0.0134 0.0800
04 0.0110 0.0107 0.0800
03 0.0081 0.0078 0.0800
02 0.0050 0.0048 0.0800
01 0.0017 0.0017 0.0800
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Table 2. (The values for ¢)

Level F; Vy Py 0 )
(from (KN (KN) (KN) Configuration Configuration
the top) (1)&(4) (2)&(3)
36 1168 1168 12000 0.0197 0.0189
35 1111 2280 24000 0.0201 0.0193
34 1055 3335 36000 0.0206 0.0198
33 1001 4335 48000 0.0209 0.0203
32 948 5283 60000 0.0217 0.0208
31 896 6180 72000 0.0222 0.0214
30 846 7024 84000 0.0228 0.0218
29 796 7820 96000 0.0233 0.0223
28 748 8568 108000 0.0238 0.0228
27 701 9270 120000 0.0243 0.0233
26 656 9925 132000 0.0248 0.0237
25 612 10537 144000 0.0252 0.0242
24 569 11106 156000 0.0275 0.0246
23 528 11634 168000 0.0261 0.0249
22 488 12122 180000 0.0265 0.0253
21 449 12570 192000 0.0268 0.0256
20 412 12981 204000 0.0271 0.0258
19 376 13357 216000 0.0273 0.0260
18 342 13700 228000 0.0274 0.0262
17 309 14008 240000 0.0274 0.0263
16 277 14284 252000 0.0274 0.0262
15 247 14532 264000 0.0272 0.0261
14 219 14741 276000 0.0269 0.0258
13 192 14933 288000 0.0265 0.0255
12 166 15100 300000 0.0258 0.0248
11 142 15243 312000 0.0250 0.0240
10 120 15363 324000 0.0241 0.0232
09 100 15463 336000 0.0228 0.0220
08 81 15545 348000 0.0214 0.0208
07 64 15670 360000 0.0196 0.0189
06 48 15694 372000 0.0176 0.0170
05 35 15715 384000 0.0152 0.0149
04 23 15738 396000 0.0126 0.0122
03 14 15752 408000 0.0095 0.0092
02 6 15759 420000 0.0061 0.0058
01 2 15761 432000 0.0021 0.0021
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ABSTRACT

Warm asphalt mixture (WMA) and reclaimed asphalt pavement (RAP) are the most
memorable sustainable materials in world of asphalt concrete pavements . This research aims to
study the warm asphalt mixture for different types of filler materials such as ordinary cement and
limestone dust. Beside, this research focused on the test of emulsified asphalt properties by
evaluating the performance of warm asphalt mixture by Marshall Stability properties as well as
moisture sensitivity. The results of this experiment provided many important points. First, The
cationic emulsified asphalt is suitable with RAP aggregate for production warm asphalt mixtures
.Second, The effective mixing procedure for warm asphalt mixtures consists heating the RAP
aggregate at 100 C° and then mixing with emulsified asphalt. Because of heating of reclaimed
asphalt pavement material can improve the dispersion as well as densification significantly.
Furthermore, the warm asphalt mixtures containing filler of cement type improved the Moisture
sensitivity performance by mean of increasing tensile strength ratio furthermore enhanced Marshall
properties .Finally, It was indicated that optimum asphalt content (2.8%) is the best percentage
found based on trail mixes ranging from (1.8 to 3.8) %

Key words : warm mix , emulsified asphalt, Marshall stability, indirect tensile strength test.
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1. INTRODUCTION

Sustainability is important approach today in engineering world. Warm mix asphalt
(WMA) and reclaimed asphalt pavement (RAP) are the most memorable sustainable materials in
asphalt concrete pavements. WMA is not a new concept, however new innovations and increased
usage of WMA has been spurred by the increased focus on sustainable infrastructure systems.

The RAP, as mentioned earlier, is a deteriorated bituminous mix that contains aged bitumen and
aggregates. Hence, its performance is poorer when compared to the fresh mix. The purpose of
the bituminous recycling is to regain the properties of the RAP, such that it tends to perform as
good as fresh mix. Thus, the process of bituminous recycling involves mixing of the RAP, fresh
bitumen, rejuvenators and new aggregates in suitable proportions ,Aravind & Animesh 2006.

RAP is the primary recycled product of the aged asphalt concrete pavement and its use leads to
reductions in virgin aggregate and asphalt demand. However, significant performance issues can
stem from the individual integration of WMA or RAP materials in asphalt concrete. Asphalt
concrete producers have begun to evaluate sustainable construction practices by adding recycled
materials and utilizing new technologies. Therefore, asphalt concrete sustainability in today’s
society is most readily met through the use of warm mix asphalt (WMA) and reclaimed asphalt
pavement (RAP) ,Angelo, et al., 2008.

United States asphalt officials began to take notice of these products and took a European WMA
tour in 2002. In 2005, the WMA Technical Working Group was created to introduce these
technologies to U.S. asphalt producers and develop preliminary specifications for the allowance
of WMA ,Prowell, & Hurley, 2007. Finally, field trials were conducted over the next few years
in many states, NCAT published laboratory results for a number of technologies, and the first
WMA International Conference was conducted.

The main objective of Warm mix asphaltis to produce mixtures with similar mechanical
properties such as Marshall Stability and indirect tensile strength, durability, and performance
characteristics as HMA using substantially reduced production temperatures.

2. EXPERIMENTAL PROCEDURE
2.1 Materials Used

The materials used in this research included cationic emulsified asphalt( CSS-1), RAP aggregate,
and mineral filler such as ordinary Portland cement, commercially known (Al-mass) and
limestone dust (from lime Factory in Kerbala) and the specific gravity for both fillers was (3.14 ,
2.73) respectively. The Reclaimed asphalt pavement (RAP) taken and collected from the
Baghdad city Kadhimiya road. The specimen of the recycling asphalt pavement was taken using
extraction equipment, RAP aggregate extraction and washing to calculate the asphalt content of
RAP was (3.8%). The RAP aggregate gradation was verified by the limits recommended by the
specification limits for wearing course of the State Corporation for Roads and Bridges in Iraq
SCRB,2003 except the percentage of filler retained on sieve No. 200. So it has been added to the
missing quantity of filler which is (5%) by total weight of RAP aggregate and get the aggregate
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gradation within specified limits of aggregate gradation for Iraqi specification for surface course.
Where this gradation used is a job mix formula. The RAP gradation is presented in Fig.1. Table
1. and Table2. listed the physical properties for RAP aggregate and cationic emulsified asphalt ,
respectively .

2.2 Warm Mix Design of RAP
In fact, the mix design needs to be an important criterion is as follows:

% The mix design for RAP and filler material mixes was carried out according to the
specification limits of the State Corporation for Roads and Bridges in Iraq (SCRB) was
taken as a mid-term between upper and lower limits of aggregate gradation for Iraqi
specification for wearing course. Where this gradation used as a job mix formula.

Estimation of Initial Residual Asphalt Content (IRAC) and Initial Emulsified Content (IEC).
These estimation done by adopting trial mixes and based on asphalt residual content in RAP.
Were these mixes tested for gain some variables such as coating test, mixing and
compaction temperature and Marshall properties. Five consecutive percentage were adopted
for determine Initial Residual Asphalt Content ranging (1.8,2.3,2.8,3.3,3.8) %. These
variables used to verify the mixes practice abilities that were characterized by adequate tests
of the above variables. To verify these tests, the initial emulsion content should be
considered by total weight of mixture as stated by equation below Asphalt Institute, 1987,
Republic of Indonesia, 1990. :

IEC= (0)*100% ... (1)

Where: P =% Initial Residual asphalt Content by mass of' total mixture for percentages
(1.8%, 2.3%, 2.8%, 3.3%, 3.8%), X value was (55.3%). The initial emulsified content (IEC)
for emulsified type used was calculated from the above equation and the results found as
(3.25%, 4.15%, 5.06%, 5.96%, 6.87%) by mass of' total mixture.

%+ Asphalt Coating and mixing procedures of WAR mix: Several trials were carried out in order
to determine the most suitable mixing procedure that would provide the best coating. All
mixing trials were carried out manually in a metal bowl with the aid of a large spatula. The
total recommended mixing time was about (5-10) minutes. The temperature degree of mixing
of warm mix was (100) C° for obtain on best coating degree between ingredients of mixture.
And WMA is produced at temperatures 20 to 55 °C lower than typical hot-mix asphalt
(HMA),Angelo, et al., 2008.

¢+ The curing of compacted samples was carried out in two stages:

e Curing of Compacted Samples for Dry Stability Test. This curing procedure consisted of
keeping the newly compacted samples for one day in their compaction molds. Some of the
samples were subsequently tested for Marshall Stability and the results obtained were referred
to as (dry stability values).

e other samples applied in water Conditioning After removed molds. In this procedure of each
compacted specimen were immersed in water at 60C° for 24 hr. During immersed, the samples
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would rest on a bed of coarse aggregate in water pan . The samples were subsequently to be
well dried and tested for Marshall Stability results obtained referred as (wet stability values)
Aksoy, et al.,2005.

3. DENSITY AND POROSITY CALCULATIONS

To determine these properties, the samples were weighed dry in air and when fully saturated in
water. Where these values with other known parameter used to calculate (bulk density, Air
Voids, V.M.A., and maximum specific gravity of paving mixture ASTM D2041, D3203.

4. MARSHALL PROPERTIES

Five different Initial Residual Asphalt content ratios were chosen, (1.8%-3.8%) by total weight
of mixtures, were prepared with increment of 0.5% to determine the optimum initial residual
asphalt content for each RAP mixture. And the corresponding percentages of initial emulsified
content (IEC) (3.25%, 4.15%, 5.06%, 5.96%, 6.87%) by total weight of mixtures. The fifteen
specimens were prepared and tested and the optimum emulsified asphalt is found as a percentage
by weight of the mixture. Marshall specimens prepared according to ASTM D6927,2010. The
compaction effort was 150 blows per face using the Marshall compactor to meet the design
criteria of air voids that ranging between (3 to 5)%. The compaction effort was conducted
according to SCRB for Heavy traffic (75 Marshall Hammer blows) given results that the mixes
containing high air voids which exceed the allowable range of air voids for hot mixture about (3-
5%). While compaction effort (150 Marshall Hammer blows). Where the air voids percent was
within the allowable range of air voids (3-5%). Followed placed the specimens in a water bath at
60 °C for 30 to 40 min. and tested for Marshall Stability and flow, And this represent dry
condition . While, wet condition another set of specimens were immersed in water at 60C° for 24
h. then tested for Marshall Stability at 60C°. The Marshall Stability and flow results obtained
were referred as wet stability. The ratio of wet to dry condition referred as retained stability is
required for mixtures that containing different percentages of initial residual asphalt content a
minimum of three samples are required for each percent, Aksoy, et al.,2005.

5. CRITERIA DETERMINE OF OPTIMUM INITIAL RESIDUAL ASPHALT CONTENT
(OIRC)

The OIRC is determined based on the main parameters namely: dry Stability, Bulk Density, Air
voids, Furthermore Flow and V.M.A values must be evaluated with specifications. All
parameters shall be plotted in graphical format versus the residual asphalt Content .

Based on Fig. 2 For bulk density, Fig. 3 for air voids and Fig. 5 for stability it can be conducted
that the optimum percentage of initial emulsified asphalt content is (5.06%) and Initial Residue
asphalt Content is (2.8%).

. THE INDIRECT TENSILE STRENGTH (ITS) TEST

In the indirect tensile strength test, a cylindrical sample is subjected to compressive loads along
two generators which creates tensile stresses perpendicular to and along the diametric plane
causing a splitting failure. Testing is carried out ASTM D4867. The test is normally carried out
were the first subset was tested in a dry condition (soaked in water for 2 hours at 25 °C).The
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second subset was tested in wet condition were inundated for 24 hours at 60 C° followed by 25
C° for 2 hours in water bath. All specimens are tested to determine their indirect tensile strengths
using a Marshall loading frame fitted with 12.5mm wide concave surface loading strips below
and above the Marshall sample and the rate of loading is the same as in the Marshall Stability
test, i. e. 50.8 mm per minute , and total number of samples are 15 sample for optimum initial
residual asphalt content (%) with different types of filler. The ITS value is calculated using the
following formula:

2P

ITS= oted

(2)
Where:

ITS = indirect tensile strength (kPa); Pmax = maximum load at failure (N); t= thickness of
sample (mm); d= diameter of sample (mm).

The evaluation of moisture induced damage can be made by determining the Tensile Strength
Ratio (T.S.R) as follows:

ST of conditioned (wet) specimen
TSR= el

€)

" ST of unconditioned dry specimen "

7. RESULTS AND DISCUSSION

The bulk density of warm asphalt mixture obtained at various initial residual asphalt contents as
shown in Fig.2. It can be seen that as the emulsified asphalt content increases the bulk density
also increases until maximum is reached. The maximum value is obtained at 2.8 percent binder
content. Possible way to explain the bulk density trend to binder content for warm asphalt
mixture follows the same trend observed for hot asphalt mixture, which show increasing with
increase the percentage of initial the, also the result is showing of reduction in the volume and
increasing in weight of sample and that mean increasing density. And after certain percentage
which known an optimum percentage ,the asphalt material which starting to form film with much
thickness which leading to reduce the contact distance between aggregate particles and that
resulting increase the volume of the sample which means decreasing in sample density

,Garber& Hoel 2009.

Fig.3 shows that, as the binder content increases, the air voids decrease rapidly, up to a certain
percentage of binder content. The relations between air voids and binder content follows the
same trends observed for hot asphalt mixtures. It may be explained by the fact that as more
binder is added into the matrix more voids are filled with binder and therefore the percentage of
air voids decreases. In general, the range of air voids percent for hot asphalt mixture about (3-5)
%. And air voids values of mixtures with cement filler type are slightly lower than the mixtures
with limestone dust filler type. The reduction in air voids is due to the cement particles filling up
more of the void space available in the mixture due to fineness of cement particles, increasing
packing, and therefore reducing porosity. Therefore the hydration process for cement and
developed hydration products would be filled the air voids in mixture and that will be reduced.
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Fig.4 show that, initially, as the binder content increases, the V.M.A voids decrease rapidly, up
to a certain percentage of binder content and then begins to rises with increasing binder content.
It may be explained by the fact that as more binder is added into the matrix more voids are filled
with binder and therefore the percentage of air voids decreases. But for any further increase in
binder overfills the system, destroys the maximum packing and hence the VMA increases .

Fig. 5 Show that the dry Marshall stability increases continuously as the binder content increases
up to a certain percentage of binder content and after this point the stability dropping down with
increment of binder content. The difference in dry stability within mixtures with regard to added
binder content can be principally attributed to the degree of coating, since all the other factors
which might influence the dry stability were kept constant, i. e. compaction level, type of binder
and aggregate gradation. As the percentage of emulsified asphalt content was increased, the rate
of setting of the emulsified was reduced and hence the coating of the aggregates was improved.
The slow rate of setting results in a better distribution of binder and a reduction in the number of
uncoated aggregates both of which contribute towards better stability. Although an increase in
the amount of emulsion content improves the coating of the aggregate and results in better dry
stability, an excessive amount of emulsion content will produce a very wet mix which has two
distinct disadvantages. These are the prolonged curing time. The wetter mixtures will certainly
require longer time for the water to evaporate in order to reach certain content for compaction,
and consequently a longer time for the emulsion to break completely. And Fig. 5 shows that the
dry Marshall stability for mixtures with filler of cement type was higher than that of the mixtures
with filler limestone dust type. The increase in dry Marshall stability for mixtures with filler of
cement type can be attributed to the cement would reacted with water available in emulsion at
first hours from mixing of mixture and developed hydration products which would reducing
porosity and increasing the bond cement between cement and emulsion (cohesion and adhesion)
and increasing the stiffness and rigidity of mixtures. Therefore, consuming water available in
emulsified at first hours from mixing of mixture by evaporation and hydration process would
accelerated the gain of strength for mixture at age of test , and this does not occur with the
mixtures with filler of limestone dust type. Thus the dry Marshall stability for mixtures with
cement type of filler is higher than that of mixtures with limestone dust type of filler at age test.

The wet stability continues to increase as the binder content increases until a maximum is
reached. The maximum value is obtained at 2.8 percent residue binder content (5.06 percent
initial emulsion content) and the wet stability continues to decrease as the binder content
increases, and that can be attributed to the effect of moisture on mixture and causing prevented
the evaporation water from mixture, delay the curing process and developed strength of mixture
at early age. Thus the wet stability continues decrease as the binder content increases after
reached a maximum at the optimum asphalt emulsion content as show in Fig.6. The variability of
the low wet stability values is attributed to the fact that the specimens, the immersion period
capillary soaking, absorbed an appreciable amount of water. The absorbed water may have
penetrated between the binder film, and the aggregate surface, causing a reduction in the bonding
and adhesion between the aggregate particles. According to that it is found that the wet stability
for mixtures with filler of cement type is higher than the mixtures with filler of limestone dust
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type at age test. This is due to the mixtures with cement filler having good bond (cohesion and
adhesion) between ingredients of mixture, as compared with mixtures containing limestone dust
as filler. Also, and due to hydration process and developed hydration products which fill the
pores and hence binding the ingredients of mixture. So that mixtures will be with air voids and
water absorption values lower than that for mixtures with limestone dust type of filler. Thus the
effects of moisture on mixtures with cement filler lower than the mixtures with limestone dust
filler at age test.

Fig.7 Show that the retained stability increases as the binder content increases until a maximum
is reached at the last percent of binder. The retained stability for mixtures with filler of cement
type is higher than the mixtures with filler of limestone dust type .This can be interpreted to the
low difference between dry stability and wet stability, so represented the little moisture effect on
mixtures with cement type of filler due to hydration process and developed the products of
hydration to fill air voids and reducing water absorption.

The Flow values for warm asphalt mixtures are represented in Fig.8 it is found that the flow
values started to increases with increasing of binder content until reached to maximum value at
the higher percentage of binder. Also it can be noted that the flow values for mixtures with filler
of cement type is lower than that for mixtures with limestone dust filler. This can be attributed to
the high rigidity, stiffness and low air voids of mixtures with cement filler and this improves the
flow values in general.

Fig.9 shows that the Dry Indirect Tensile Strength for mixtures with filler of cement type is
higher than that for mixtures with filler of limestone dust type. This is due to the high rigidity,
stiffness, higher density and low air voids of mixtures containing cement filler.

Fig. 10 show that the Wet Indirect Tensile Strength for mixtures with cement filler is higher than
that for mixtures with limestone dust filler. This behavior is attributed to the low air voids of
warm asphalt mixture with cement filler leading to low water absorption. Therefore, the moisture
effects on mixtures with filler of cement type are lower than that for mixtures with filler of
limestone dust type. And that can be attributed to the cement which reacts with water available in
emulsion content at first hours from mixing of mixture and developed hydration products which
would reduce porosity and increasing the bond cement between cement and emulsion (cohesion
and adhesion) and increasing the stiffness and rigidity of mixtures with filler of cement type. As
a result of the consuming water that available in emulsion by evaporation and hydration process,
the gain strength of mixtures is accelerated. This did not occur for mixtures with filler of
limestone dust type.

Fig. 11 shows that the Indirect Tensile Ratio for warm mixtures with filler of cement type was
higher than the mixtures with filler of limestone dust type. Consequently, Indirect Tensile
Strength for warm asphalt mixture is found to be increased with decreasing air void content in a
similar behavior that occurs with the hot asphalt mixture.
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8. CONCLUSIONS

1. The cationic emulsified asphalt slow setting low viscosity (Css-1) is very suitable with RAP
for production warm asphalt mixtures .

2.From many trial mixes it is found that the best range percentages of initial residual asphalt
content to produce adequate results for coating test ,mixing ,compaction , and Marshall stability
are ranged from (1.8% to 3.8%). And hence the optimum percentage is (2.8%).

3. The effective mixing procedure for warm asphalt mixtures consists of heating the RAP
aggregate at 100 C° and then mixing with emulsified asphalt .This procedure produces
appropriate coating degree for compositions of warm asphalt mixture .

4. The compaction procedure required to obtain air voids within allowable range (3-5) % is about
150 blows for each face Marshall Sample for warm asphalt mixture.

5. The warm asphalt paving mixture is suitable to Iragi environmental conditions because of
reducing of temperatures for mixing and compaction.

6. Results obtained from dry Marshall Stability test indicate that stability is gradually increasing
with increases in initial residual asphalt content and after specific percentage it was decreasing.
Maximum Marshall Stability obtained for mixtures with cement filler is 13.6kN and 11.2kN for
mixtures with limestone dust filler.

7. Generally, it is believed that the warm asphalt mixtures containing filler of cement type having
indirect tensile strength higher than that for warm asphalt mixtures containing filler of limestone
dust type.
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Table 1 Physical properties of aggregates

Property ASTM Test SCRB
Designation Results Specification(2003)
Coarse Aggregate :
1.Bulk Specific Gravity C-127 263 | ...
2.Apparent Specific Gravity C-127 265 | ...
3.Water Absorption,% C-127 041 | ...
4.Percent Wear by Los Angeles C-131 12 35 Max

Abrasion ,%

Fine Aggreqgate :

1.Bulk Specific Gravity C-128 264 | ...
2.Apparent Specific Gravity C-128 267 | ...
3.Water Absorption,% C-128 043 | ...

Table 2. Physical Properties of cationic emulsified asphalt slow setting low viscosity (CSS1).

Test ASTM Test Specification Limits
Designation Result (D2397) for CSS-1
(D244) Min. Max.
Particle Charge Test D244 positive positive
Viscosity, Saybolt Furol at 25°C D244 26 20 100
Residue by Distillation, %. D6997 55.3 57 | ..
Residue By Evaporation D6934 54.9 50 70
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Sieve Test,% D6933 002 | .. 0.10
Cement mixing test, % D6935 0732 | ...... 2.0
Settlement Test,5day,% D6930 0.1 0 1
1 Day Storage stability test, % D6930 0.04 0 1
Tests on Residue
Penetration, 25°C (77°F), 100 g, 5 D5 133 100 250
Ductility, 25°C ?77°F), 5 cm/min, D113 185 0 | ..
Solubility in trichloroethylene, % D2042 99 975 | ...
Specific Gravity at 25°C D70 1.02

Plate 1. Sample Arrangement for ITS Test Using Marshall Stability Loading Frame.
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Figure 1. RAP aggregate gradation chart for wearing course.
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Figure 5. Dry marshall stability with initial residual asphalt content (%) for different types of filler.
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ABSTRACT

Entropy generation was studied for new type of heat exchanger (shell and double concentric
tubes heat exchanger). Parameters of hot oil flow rate, temperature of inlet hot oil and
pressure drop were investigated with the concept of entropy generation. The results showed
that the value of entropy generation increased with increasing the flow rate of hot oil and
when cold water flow rate was doubled from 20 to 40 I/min, these values were larger. On the
other hand, entropy generation increased with increasing the hot oil inlet temperature at a
certain flow rate of hot oil. Furthermore, at a certain hot oil inlet temperature, the entropy
generation increased with the pressure drop at different hot oil inlet flow rates. Finally, in
order to keep up with modern technology, infrared thermography camera was used in order to
measure the temperatures. The entropy generation was determined with lower values when
infrared thermography camera was used to measure the temperatures, compared with the
values obtained by using thermocouples.

Key Words: entropy, entropy generation, heat exchangers, concentric tubes.
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1. INTRODUCTION

As a result of the worsening global crisis of energy, attention to the heat transfer
enhancement has increased significantly, taking into account that heat transfer represents
about 80% of total energy consumption, Qian and Li, 2011.

With the increasing decline in energy sources, to use energy in the correct way is one
of the important ways to face the growing requirements for energy. One of thermal system
devices is heat exchanger and it is used extensively in many fields of industry such as power
engineering, petroleum refineries, chemical industries, and so on. So in this sense, it is
important to develop ways for decreasing unnecessary dissipated energy and improving the
performance of heat exchanger by optimizing their design. This may be done by either
reducing their cost or reducing irreversibility within heat exchanger. That's why some of the
different methods and theories that have been developed to optimize heat transfer, such as the
constructed theory, Bejan, 1997. and the minimum entropy generation, Bejan, 1982 and the
entransy theory, Guo et al., 2007.

Two important functions in thermodynamics are considered, the concepts entropy and
entropy generation. These two concepts are used to estimate the irreversibility of process and
optimizing heat transfer based on the premise that the minimum entropy generation (MEG)
will lead to the most efficient heat transfer performance, Chen Q. et al., 2011.

Optimization of heat transfer based on minimum principle of entropy generation was
conducted by many researchers, Poulikakos and Bejan, 1982 and Erek and Dincer, 2008.
McClintock, 1951. was the first who proposed the entropy generation minimization and he
developed equations for optimum design of fluid passages for a heat exchanger.

In 1854 Clausius investigated the Carnot cycle (heat-work conversion). The concept
of entropy was introduced, Zhao and Luo, 2002. It was defined based on the reversible cycle
of the Carnot engine. In thermodynamics, entropy was commonly understood as a measure of
disorder. It was a measure of the irreversibility of process and a criterion describing the
thermal equilibrium of a system.

In non-equilibrium state of system the thermal gradient between two media results in
entropy generation. It is produced in any irreversible process. Over a physical process;
system will lose more ability to do work as more entropy generation is, Zhao and Luo, 2002.
According to this consideration, entropy generation was used to optimize or analyze the
thermodynamics processes to improve the performance of thermodynamic systems, Chen et
al., 2010 and Myat et al., 2011.

Kim and Kim, 2015. investigated the effect of entropy generation and entransy
dissipation on the optimal design of heat exchanger in both cases of parallel and counter flow.
They determined the relation of entropy generation according to several assumptions, where
the “heat exchanger is a control volume and the surface is adiabatic”, as in EQ.(1).

Tho Tco
se.= can(22) + can () 1
&7 MU\, Ty M

On the other hand, Cheng et al., 2012, developed the expression of entropy
generation for a multi-stream heat exchanger with several assumptions that “the fluids in the
heat exchangers are incompressible, the influence of the viscous dissipation on the entransy
could be ignored, and there was no heat exchange between the heat exchangers and the
environment”. The expression of this physical quantity is presented bellow in EQ.(2).

_ n Tout—i
Sg= ) c¢mln T (2)
i=1 in—i
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Additionally, entropy generation was used to measure the irreversibility for any
irreversible process, while the concept of irreversibility as a result to finite temperature
difference and fluid friction in heat transfer processes was presented by Bejan, 1977, 1996.
Also the expression of entropy generation for heat and fluid flows was improved by the same
author Bejan, 1982 and 1996. As well as the entropy generation minimization method was
utilized by Ahmadi et al., 2011 to optimize a cross-flow plate fin heat exchanger. In the
analysis of an absorption chiller, Myat et al., 2011 found that maximum coefficient of
performance (COP) can be obtained through the minimization of entropy generation.

The main goal of this research will be to study the entropy generation with flow rate
of inlet hot oil, temperature of inlet hot oil, pressure drop of both hot oil and cold water and
flow rate of inlet cold water. From the response of entropy generation at different operating
conditions, the efficiency of heat transfer will be investigated to ensure minimum energy
consumption and reduction of operating costs.

2. EXPERIMENTAL WORK
2.1 Description for the Parts of the Unit

A tank of 250 liters was used as a supplier for the cold water, which is pumped by
single stage centrifugal pump passing through a flow meter to measure its flow rates. The
outlet cooling water was collected in a vessel of 100 liters to measure its temperature using a
portable thermocouple, where the water was drained to the sewage. On the other side, a
cubical tank (reheater tank) supplied with two electrical heaters was used to heat the oil to the
desired temperature controlled by thermostats equipped with the two heaters and measured by
thermocouple. A centrifugal pump was used to pump the hot oil through the flow meter
where the flow was controlled by gate valves. The outlet hot oil leaving the heat exchanger
was collected in a 200 liters tank where the temperature was measured using a thermocouple.
Six pressure gauges were used to measure the pressure for the fluids streams. Two pressure
gauges were used for the inlet and outlet streams of cold water, the other four gauges were
used for the inlet and outlet streams of hot oil, two of them for hot oil flow through the shell
and the others for the hot oil flow through the inner tubes.

2.2 Heat Exchanger Description

Fadhil, 2013 was used the shell-and-double concentric tubes heat exchanger instead
of the conventional one, where the tube was replaced with double concentric tubes, Fig.2.
This will improve the heat transfer through an additional flow passage which gives larger
heat transfer area. The hot oil flow though the shell and the inner tubes sides while the cold
water flow through the annulus side.

2.3 Experimental Procedure

The two heaters were switched on for heating oil to the required temperature 50, 60,
70 and 80°C. After that the hot oil was pumped to the shell side and the inner tubes side in
the heat exchanger after controlling the flow rate to its desired value 15, 25, 35 and 45 I/min.

The cold water was pumped in the annuals side at the same time with the hot oil to the
desired flow rate 20 and 40 I/min. At steady state, the temperatures and pressures were
constantly measured during the flow rate variation. The results were analyzed for the
different conditions.

Infrared thermography camera (Thermo Gear G100EX/G120EX) was used to
measure the temperatures of fluids in the system, Fig.3. The results obtained from the
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Infrared thermography camera were analyzed and compared with the results obtained by
using thermocouples.

3. RESULTS AND DISCUSSIONS
3.1 Parameters Effect on Entropy Generation in Heat Exchanger
3.1.1 Effects of heated oil flow rate

Entropy generation of oil with different oil flow rates at different oil inlet
temperatures 50, 60, 70, and 80°C are shown in the Fig.4. It was noticed from the figure that
by increasing the oil inlet temperature the entropy generation increases.

The figure shows that the absolute value of entropy generation of oil increases with
increasing the flow rates of hot oil 15, 25, 35, and 45 I/min at a certain hot oil inlet
temperature. This is true since the entropy generation is caused from the fluid friction and
heat transfer, so by increasing the flow rate of hot oil, this causes an increase in the
generation of entropy, Asadi and Tabrizi, 2014.

3.1.2 Effects of heated oil inlet temperatures

Entropy generation of oil was tested for different hot oil inlet temperatures. The
conditions for inlet cold water are 20°C temperature and 20 I/min flow rate. Entropy
generation was investigated for different hot oil inlet temperatures 50, 60, 70 and 80°C and at
different hot oil flow rates 15, 25, 35 and 45 I/min as seen in Fig.5. The figure shows that
entropy generation of oil increases with increasing temperature at a certain flow rate of oil.
This is in agreement with the results obtained by Kim and Kim, 2015. where the entropy
generation increases with increasing the inlet temperature. Also, the figure shows that by
increasing the hot oil inlet flow rate the entropy generation increases. The reason behind this
increase is caused by the high flow rate of the hot stream resulting in high convective heat
transfer.

3.1.3 Effects of heated oil pressure drop

The relation between entropy generations of oil with pressure drop at different hot oil
inlet temperatures 50, 60, 70, and 80°C were also studied and shown in Fig.6. Curves in the
figure show that at a certain hot oil inlet temperature, the entropy generation increased with
the pressure drop at different hot oil inlet flow rates, but there is no different in the value of
the pressure drop at a certain inlet hot oil flow rate.

3.1.4 Effects of cold water flow rate

To investigate the effects of cold water flow rate on the values of entropy Generation,
the experiments were repeated for a double flow rate of cold water 40 I/min. Results of
comparison between the entropy generation of oil for different oil inlet flow rates at a certain
hot oil temperature for both 20 and 40 I/min cold water flow rates illustrated in Fig.7. The
results show that when 40 I/min cold water flow rate was used the values of entropy
generation is larger compared with the values of entropy generation obtained when 20 I/min
cold water flow rate was used.

3.2 Infrared Thermography Camera Results

In order to keep up with modern technology, infrared thermography camera was used
in order to measure the temperatures of hot oil and compare these results with the results that
were obtained when using the conventional thermocouples.

The experiments were repeated with different hot oil flow rate 15, 25, 35, and 45
I/min and 20 I/min cold water flow rate. The oil outlet temperatures were obtained using
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infrared thermography camera and the data are illustrated in the Table 1. Images of
temperature distributions for inlet and outlet paths of oil when hot oil passes at 35 I/min are
presented in the Fig.8. The color gradients in the images of Fig.8 represents the temperature
distribution in the units. As it can be seen, the intensity of the color gradients is more when
the inlet temperature of oil was 80°C. Other image of temperature distribution for the whole
heat exchanger can be seen in the Fig.9.

The comparison between the entropy generations for the different techniques i.e. the
infrared thermography camera and conventional thermocouples is shown in Fig.10. The
figure shows that for different hot oil inlet flow rates 15, 25, 35, and 45 I/min at certain hot
oil inlet temperatures 50, 60, 70, and 80°C, the values of entropy generation obtained from
using infrared camera in some points were lower than these values obtained from using
conventional thermocouples. This is because that the temperatures obtained by infrared
camera were higher than the temperatures obtained by the thermocouples, and according to
equation of entropy generation, Eq.(2), as the value of outlet temperature increases, the value
of entropy generation decreases. This may be related to the accuracy of the camera and the
temperatures can be measured in the real time.

4. CONCLUSIONS

Entropy generation was studied for new type of heat exchanger (shell and double
concentric tubes heat exchanger). The relation between entropy generation and hot oil inlet
flow rate, temperature of inlet hot oil and pressure drop of oil were studied and the results
showed that the entropy generation of oil increases with increasing the flow rate of hot oil.
Furthermore, entropy generation of oil increased with increasing the hot oil inlet temperature
at a certain flow rate of inlet hot oil. Also, the results showed that there is no change in the
pressure drop at a certain hot oil flow rate, but with increasing the hot oil inlet temperature
the entropy generation increases. On the other hand, when the cold water flow rate was
doubled the entropy generation of oil increased with increasing of the hot oil inlet flow rate
and the values of entropy generation are higher. Finally, the entropy generation was
determined with lower values when infrared thermography camera was used to measure the
temperatures, compared with the values obtained by using thermocouples.
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6. NOMENCLATURE

Symbols Description Units

Ce heat capacity rate of cold stream W.K*

Ch heat capacity rate of hot stream w.K*

c specific heat JKg-tK?
m mass flow rate Kg.s*

Sy entropy generation rate W.K*

Tei &Tepo inlet and outlet temperatures of cold stream K

Thi & Theo inlet and outlet temperatures of hot stream K

Tin & Tout inlet and outlet temperatures K
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Figure 2. Shell- and -double concentric tube heat exchanger. (a) conventional one (b)
modified one.

Figure 3. Infrared thermography camera (Thermo Gear G100EX/G120EX)
(www.infrared.avio.co.jp).
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Figure 4. Comparison of entropy generation with hot oil flow rate at different oil inlet
temperatures, water flow rate 20 I/min.
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Figure 5. Entropy generation of oil for different hot oil inlet temperatures 50, 60, 70 and
80°C:; at different hot oil flow rates 15, 25, 35 and 45 I/min and water flow rate 20 I/min.
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Figure 6. Comparison between entropy generation of oil with pressure drop at different hot
oil inlet temperatures 50, 60, 70, and 80°C. Water flow rate is 20 I/min.
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Figure 7. Comparison between the total entropy generation of oil for different oil inlet flow
rates at a certain hot oil temperature for both 20 and 40 I/min cold water flow rates.
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Figure 8. Images of temperature distributions for inlet and outlet paths of oil when hot oil
passes at 35 I/min. (a) at 50°C of hot oil inlet temperature. (b) at 80°C of hot oil inlet
temperature.
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Figure 9. Image of temperature distributions for whole heat exchanger.
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Table 1. Outlet temperatures of hot oil obtained by infrared thermography camera at different

hot oil inlet flow rates.

oil Oil inlet Oil inlet Oil inlet Oil inlet
flow temperature = temperature = temperature = temperature =
rate 50°C 60°C 70°C 80°C
(LP M) Ttube out Tshell out Ttube out Tshell out Ttube out Tshell out Ttube out Tshell out
°C °C °C °C °C °C °C °C
15 24.3 23.5 24.7 24 25.8 25.2 26 25.1
25 28 26.8 28.5 28 35.3 32.4 36.3 30.3
35 32.4 30.7 33.1 31.3 37 34.7 45.5 37.9
45 32.8 31.8 36 34.2 41.9 37.8 48.8 414

75



Number 6 Volume 22 June 2016 Journal of Engineering

Investigation the Optimum Combined Dosages of Date Seeds Powder as Natural
Coagulant with Chemical Coagulants in Domestic Wastewater Pretreatment.

Lect. Ali Jwied Jaeel
Department of Civil Engineering
College of Engineering- Wasit University
E-mail:alijwied@hotmail.com

ABSTRACT

The pretreatment process can be considered one of the important processes in wastewater
treatment, especially coagulation process to decrease the strength of many pollutants. This paper
focused on using powdered date seeds as natural coagulant in addition to chemical coagulants (alum
and ferric chloride) to find the optimum dosage of each coagulant that makes efficient removal of
turbidity and chemical oxygen demand (COD) from domestic wastewater as a pretreatment process,
then finding the optimum combined dosages of date seeds with alum, date seeds with ferric chloride
that make efficient removal for both pollutants. Concerning turbidity, the optimum dosage for date
seeds, alum and ferric chloride were 40 mg/l (79%), 70 mg/l (84%) and 60 mg/l (82%) respectively.
Concerning COD the optimum dosage for date seeds, alum, and ferric chloride were 40 mg/l (75%),
60 mg/l (83%) and 50 mg/l (86%). The study showed that the optimum combined dosage that made
higher turbidity removal (95%) resulted from mixing 70 mg/l date seeds with 50 mg/l alum, while
for higher COD removal 90% resulted from mixing 40 mg/l date sees with 70 mg/l ferric chloride.

Key words: coagulation, wastewater treatment, date seeds, turbidity removal, COD removal.
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1. INTRODUCTION

Generally, one of the main causes of pollution is the effluents that are discharged from wastewater
treatment systems and these effluents have adverse effects to aquatic ecosystems and to humans.
Some of these impacts can include water toxicity from industrial wastewater, algal blooms, death of
aquatic life, and habitat destruction from sedimentation, Canada Gazzette, 2010. Wastewater is
99.94 percent water by weight and the rest 0.06 percent is suspended solids and dissolved solids
materials, Lee, 2000. Chemical characteristics are pH, alkalinity, suspended solids, dissolved solids,
chemical oxygen demand (COD), biological oxygen demand (BOD), dissolved gases, nitrogen and
phosphorus compounds, Frank, 2003. Wastewater turbidity is resulted from soluble organic
compounds, suspended solids (organic and inorganic matters), such as clay, silt, and plankton and
microorganisms, Harashit, 2014. In order to remove the suspended solids and turbidity from water
and wastewater there is two important preliminary processes coagulation and flocculation.
Coagulation process is a chemical process uses chemical either organic such as polymers or natural
plants or inorganic salts such as aluminum sulphates, aluminum chloride, sodium aluminates, ferric
sulphates, ferric chloride and ferric chloride sulphates. The purpose of coagulation is to neutralize
charges and form a bridge of particles thus forming very large particles enough to be
settled. Flocculation is gentle stirring or agitation to encourage the agglomeration of particles into
masses large enough to be settled or be filtered from solution because of the increment in size and
density of particles, which leads to faster rate of settling. The most common material that used in
coagulation process in water and wastewater treatment is the Alum, aluminum sulphates
Al»(SO4)3.18H,0. The second common material used in coagulation process is ferric chloride. They
have been in use and they still in use in the form of powder dispensed by one of the several forms of
mechanical dry feeder units in water and wastewater treatment plants.

As a coagulant M. oleifera seed used in water or wastewater treatment, the extracted protein from
the seeds showed a removal percentage of suspended solids up to 99%, Katayon, et al., 2006. The
natural coagulant produced from M. oleifera seed was capable of improving turbidity removal up to
98%, Sutherland, et al., 1994. Using a combined dosage of chemical coagulant Al,(SO,)s; and
natural coagulant M. oleifera produced a turbidity removal up to 98%, Ali and Afuye, 2010. Plant
origin coagulant such as Coccinia indica (Kundru) used as a coagulant for synthetic turbid water
treatment, the efficiency of turbidity removal was 99% and at a range of pH 6.5 to 8, Madhukar
and Yogesh, 2013.Using aluminum silicate as a coagulant for synthetic turbid wastewater treatment
was studied by, Ho, et al., 2009. They discovered that the maximum turbidity removal occurred
when the salt dosage was more than 20 mg/l and pH was more than three. The removal efficiency
for turbidity in wastewater was 99%, Rubi, and Fall, 2009 studied sedimentation and coagulation
treatment of wastewater effluents from car washing workshop. The influence of the chemical
coagulants (aluminum hydrochloride Al,Cl4(OH),, diallyldimethyl ammonium chloride CgH;sNCl,
aluminum sulfate Al(SO4); and ferric chloride FeCl, was studied. Coagulation process produced
removal of 74%, 88%, 92%, and 90% for COD, TSS, turbidity and oil respectively. Sedimentation
process produced removal of 82%, 88% 73% and 51% for oils, TSS, COD, and turbidity,
respectively. Ammar and Yilian, 2013 studied using hybrid copolymer Fecl, as a new alternative
flocculent to remove COD and turbidity from municipal wastewater, the optimum turbidity and
COD removals were 96.56% and 83.54% respectively. Safaa, 2011 showed that when increasing the
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periods of slow mixing and sedimentation resulted more removal percentage in turbidity removal
from water , the turbidity removal percentage was 97% using alum dosage 50 mg/l and period of
sedimentation varied from 35 to 60 minutes. Faris, 2012 studied using of chemical coagulants (
alum and powdered activated carbon PAC) to treat the oily wastewater, the optimum dosages of
alum and PAC were 125 and 100 mg/l that resulted a removal of 97.8%, 97.4% and 99.3% for oil
grease, COD, and total suspended solids respectively. Mohammad, et al., 2013 made a comparative
study between starches as a natural coagulant and alum as a commercial coagulant in treatment of
semiconductor wastewater to remove the heavy metals. They found that the starches have the same
capability to remove heavy metal as the alum. Another efficient method to remove wastewater
turbidity is the electrocoagulation method. Saidat, et al. 2012 showed that electrocoagulation can be
considered as an efficient way to remove wastewater turbidity in spite of environmentally friendless
and very large cost method.

The aim of this study is to decrease the turbidity and COD strength domestic wastewater and to
improve biological treatment through the following investigations:

1) The optimum coagulant dosages of chemical coagulants (alum and ferric chloride).
2) The optimum coagulant dosage of natural coagulant (date seeds powder).
3) The optimum combined coagulant dosage (alum plus date seeds powder).
4) The optimum combined coagulant dosage (ferric chloride plus date seeds powder).

2. EXPERIMENTAL WORK

2.1 Apparatus

The jar testing apparatus contains four paddles as shown in Fig. 1, which stir the contents of four 1-
liter containers. The mixing speed in all of the containers can be controlled uniformly by a rpm gage
built in the device, while the time of mixing can be controlled by a digital timer.

2.2 Materials and Methods

2.2.1 Raw domestic wastewater

Domestic wastewater collected from the primary clarifier influent at Al Aziziyah wastewater
treatment plant. Raw wastewater samples were stored at 10°C; the properties of raw domestic
wastewater were shown in Table 1.

2.2.2 Preparation of alum solution

Stock solutions of alum were prepared according to the APHA procedure for coagulation process
enhancement, by dissolving 100 grams of aluminum sulphates Al>(S04)3.18H,0) in one liter of
distilled so one ml of this stock gives alum solution of 100 mg/l concentration. Then after that by
titration methods a ten different concentrations of Alum were prepared ranged from 10, 20, 30, 40,
50, 60, 70, 80, 90, and 100 mg/l, APHA, 1998.

2.2.3 Preparation of ferric chloride solution

Stock solutions of Ferric Chloride were prepared according to the APHA procedure for coagulation
process enhancement, by dissolving 100 grams of ferric chloride FeCl, in one liter of distilled so
one ml of this stock gives ferric chloride solution of 100 mg/l concentration. Then by titration
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methods a ten different concentrations of Alum were prepared ranged from 10, 20, 30, 40, 50, 60,
70, 80, 90, and 100 mg/l, APHA, 1998.

2.2.4 Preparation of natural coagulant solutions (Date Seeds Coagulant)

In this study, the local Iraqi dates were collected from date trees then the seeds were separated.
Then, the seeds were washed in tap water and dried in an oven at 50°C for six hours. The seeds then
were crashed and powdered using flour grinder machine and finally sieved through a 250um sieve.
Stocks solutions of this natural coagulant (seed dates coagulant) were prepared for coagulation
process enhancement, by dissolving 100 grams of seed powder in one liter of distilled, so one ml of
this stock gives seed coagulant solution of 100 mg/l concentration. In order to be sure that this
solution was free of residual particles, it was filtered using 1um filter paper. Then by titration
methods a ten different concentrations of seeds coagulant were prepared ranged from 10, 20, 30, 40,
50, 60, 70, 80, 90, and 100 mg/I.

2.3 Experimental Procedure

Sedimentation and Jar test were carried out to determine the coagulation properties of each
coagulant and to obtain the optimal dosage for each coagulant (alum, ferric chloride and seed dates).
One beaker was used as a control and other in the beakers, various dosages of each coagulants was
added at ranges from 10 to 100 mg/Il. Then a rapid mixing for 2 minutes and 100 rpm was subjected
to the samples then 30 min with a slow mixing at 25 rpm, when the mixing was completed, the flocs
allowed to settle, ASTM, 1995. for 60 minutes. In order to measure the residual turbidity, samples
were withdrawn using a pipette from a height of 4cm below the surface of each beaker, and residual
turbidity was measured. So the optimal dosage can be calculated by calculating the best turbidity
removal percentage for each coagulant. After finding the optimal dosage of alum, a combination
dosage consisted of this fixed alum dosage (optimal dosage) with different ranges of natural
coagulant started from 10 mg/l to 100 mg/l in order to find the optimal mixing ratio of these two
coagulants ( alum and date seeds). Same procedure was done with the optimal dosage of ferric
chloride, a combination consisted of this fixed ferric dosage (optimal dosage) with different ranges
of natural coagulant started from 10 mg/l to 100 mg/l in order to find the optimum mixing ratio of
these two coagulants (ferric chloride and date seeds).The effect of optimal mixing dosage ratios of
chemical and natural coagulants combinations on the removal of turbidity and chemical oxygen
demand was examined.

3. RESULTS AND DISCUSSION

3.1 Finding the Optimum Coagulants dosages For Turbidity and COD Removals

A set of experiments were done using jar test device to calculate the optimum dosage for each
coagulant ( alum , ferric chloride and date seeds) for turbidity and COD removals. A range of
concentrations from 10 mg/l to 100 mg/I for each coagulant was used separately. The study showed
that the optimum dosages for turbidity removal using alum, ferric chloride and dates seeds were 70
mg/l, 60 mg/l and 40 mg/l and the turbidity removal percentages were 84%, 82% and 79%
respectively as shown in the Fig. 2. While the optimum dosages for COD removal using alum, ferric
chloride and dates seeds were 60 mg/l, 50 mg/l and 40 mg/l and the COD removal percentages were
83%, 86% and 75% respectively as shown in the Fig. 3.

3.2 Finding the Optimum Combined Coagulants dosages For Turbidity Removal
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Another set of experiments were done using jar test device to calculate the optimum dosage for
combination of optimum fixed dosage of ferric chloride which was 60 mg/l with a different dosages
of date seeds ranged from 10mg/l to 100 mg/l. The optimum mixing dosage was 60 mg/l ferric
chloride plus 40 mg/l date seeds and this combined dosage produced turbidity removal percentage
up to 93% as shown in the Fig. 4. From the other hand a set of experiments were done using also jar
test device to calculate the optimum dosage for combination of optimum fixed dosage of alum,
which was 70 mg/l with different dosages of date seeds ranged from 10mg/l to 100 mg/l. The
optimum mixing dosage was 70 mg/l alum plus 50 mg/l date seeds and this combined dosage
produced turbidity removal percentage up to 95% as shown in the Fig. 5. This highly removal of
turbidity can be attributed to the fact that the powdered of date seeds has a very good adsorption for
the suspended solids beside the highly effect of formation of aluminum coagulant hydrolysis
products which considered the most important cause of suspended solids destabilization.

3.3 Finding the Optimum Combined Coagulants dosages For COD Removal

Another set of experiments were done using jar test device to calculate the optimum dosage for
combination of optimum fixed dosage of ferric chloride which was 40 mg/l with a different dosages
of date seeds ranged from 10mg/l to 100 mg/l. The optimum mixing dosage was 40 mg/l ferric
chloride plus 70 mg/I date seeds and this combined dosage produced COD removal percentage up to
90% as shown in the Fig. 6. From the other hand a set of experiments were done using also jar test
device to calculate the optimum dosage for combination of optimum fixed dosage of alum, which
was 60 mg/l with different dosages of date seeds ranged from 10mg/l to 100 mg/l. The optimum
mixing dosage was 60 mg/l alum plus 50 mg/I date seeds and this combined dosage produced COD
removal percentage as shown in the Fig. 7. The removals of COD were attributed by the formation
of sediments from the combination of ferric coagulant and the soluble organics Tebbutt, 1998. And
this finding was fully agreement with study of Dialynas, et al., 2008 he showed that FeCl, was
more efficient than alum in removing of organic content of landfill leachate and this was due to
FeCl; increases the flocs size and decreasing settling time more than alum.

4. CONCLUSIONS

This study has found the possible benefits and effectiveness of using dates seeds as a natural
coagulant that could be used in coagulation process in domestic wastewater pretreatment to remove
the turbidity and chemical oxygen demand (COD), and the removal efficiency for both parameters (
turbidity and COD) could be increased when a combination is done between this natural coagulant (
date seeds) and other chemical coagulants such as ferric chloride and alum.

The study showed that the optimum combined dosage used to remove initial turbidity of domestic
wastewater (250 NTU) was 120 mg/l resulted from ( 70 mg/I date seeds plus 50 mg/l alum) and the
turbidity removal percentage was 95%. The study also showed that the optimum combined dosage
used to remove initial COD of domestic wastewater (390 mg/l) was 110 mg/I resulted from (40 mg/|
date seeds plus70 mg/I ferric chloride) and the COD removal percentage was 90%.
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Figure 1. Jar test apparatus.
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Figure 2. Variation of turbidity removal with coagulant concentration.
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Figure 3. Variation of COD removal with coagulant concentration.
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Figure 5. Variation of turbidity removal with combined coagulants.
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Figure 7. Variation of COD removal with combined coagulants.
Table 1. Characteristics of the domestic wastewater.
Constituent Concentration* Unit
BOD 220 mg/L
COD 390 mg/L
Turbidity 250 NTU
pH 7.1-7.4 -

*Average of 3 values
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ABSTRACT

Partial shading is one of the problems that affects the power production and the efficiency of
photovoltaic module. A series of experimental work have been done of partial shading of
monocrystalline PV module; 50W, Ig.: 3.1A, V. 22V with 36 cells in series is achieved. Non-linear
power output responses of the module are observed by applying various cases of partial shading
(vertical and horizontal shading of solar cells in the module). Shading a single cell (corner cell) has
the greatest impact on output energy. Horizontal shading or vertical shading reduced the power from
41W to 18W at constant solar radiation 1000W/m? and steady state condition. Vertical blocking a
column of cells (9 cells) in a module reduces the power from 41W to 18W (53% power reduction);
while, blocking one or two cell in the row reduces the power from 41 W to 18W (53% power
reduction). Shading three or four cells in the same row reduces the power from 41W to 1W or
0.006W (94% power reduction). A complete Matlab / Simulink model are achieved to simulate the
effect of partial shading on power output of module. It is found that shading a single cell reduces the
power from 50 W to 25 W (50%) using Matlab/Simulink model. Comparisons have been made
between the 1-V and P-V characteristic curves from the simulation with the practical (experimental)
curves. The results showed that the percentage of error between the Simulink results and the
corresponding experimental measurement are 22% without shading effect and, 32% with partial
shading.

Key words: partial shading, bypass diode, matlab/simulik, pv module, photovoltaic system
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1.INTRODUCTION

Solar cell is a device that directly converts sunlight into electricity with no intervening heat
engine through the process of photovoltaic. In 1839, French physicist Antoine Edmond Bequerel’s
research was the beginning to develop of solar cell technology.

A number of parallel/series connected solar cell are used to construct a PV module. Series
connected solar cells has a negative impact on PV module performance if all its cells are not equally
illuminated (partially shaded).

Shading is one of the many factors that have a great effect on the performance of solar
photovoltaic modules. Two possible sources that the shading arises from them in the natural
environment; the first is some type of plant such as trees, while the second is a solid body like a
socle or construction Di Piazza and Vitale, 2010. So even if a tiny part of the solar photovoltaic
module is in shade, the performance of the full solar photovoltaic module will significantly
decrease. Also, there are two factors have impact on the performance of PV modules in natural
environmental; artificial like evaporation of pollution from different factories and natural like dust,
temperature and clouds. Accumulation of a permanent pollution strip along the edge of the framed
cell lead to reduction of energy production up to 10-20% of PV cell Eloy D1"az-Dorado, 2014.

In recent years, the effect of partial shading on the PV array performance has been widely
discussed and studied. the impact of partial shading is complicated because the testing field is

costly, time consuming and depends strongly on the prevailing weather condition, Ahmed et al.,
2014.

All the cells carry the same amount of current. In a series connected concentration of cells,
Even though a few cells under shade produce less photon current but these cells are also obliged to
carry the same current as the other fully lighted cells. The shaded cells may be in reverse biased
state, acting as loads, absorbing power from fully lighted cells. Hot-spot problem can appear if the
system is not well protected; the system can be irreversibly damaged, Quaschning and Hanitsch,
1996.

Many researchers examined the effect of partial shading on PV technologies. Gross et al., 1997
depending on heliodon analysis concluded that replacing the current central inverter by module
inverters could decrease losses due to shading from 25 to 19.5% of the yearly energy product.
Tegtmeyer et al., 1997 found from experimental measurements that when partial inverter systems
where shading happens from time to time, with central inverters extra losses are lower than 5% of
the optimum. Beuth, 1998 simulated two present PV systems with partial shading for various
arrangements did not see big avail of the module inverter configuration. Depending on the cost for

88



Number 6 Volume 22 June 2016 Journal of Engineering

installations and inverters, and reliability considerations, advises the application of series or central
inverters. Belhaouas et al., 2013 studied the built PV module depended on two diode model by use
matlab / Simulink under partial shading. Concluded when shaded one cell the power reduced 50%.

The objective of this work is to illustrate the effect of partial shading first by experimental
measurements, and then theoretically by Matlab /Simulink.

2. MODELING OF PHOTOVOLTAIC SYSTEM
2.1 PV Cell Model

The single diode equivalent circuit of a photovoltaic cell in Fig.1 consists of a current
source, a diode, a series and a parallel resistance.

The open circuit voltage (Vo) and the short circuit current (ls;) obtained from the cell
manufacturer’s data sheet the PV current can be derived by Eq. (1) ,Yusof et al., 2004.

Ipv = Ipn — Io (1)

In which I,,,,is the output current and I, refers to the photo-generated current, I, represents the diode
current, the photo-generated current(l,,) which is a function of incident solar irradiation and cell
temperature. It can be calculated as Eq. (2), Wang and Hsu, 2010.

Ion (6) = (Ise + ki Taiy ) ¢ o)

Where k; is the temperature coefficient, Ty, is the deviation of the operating temperature from the
reference temperature (Tyq;,= T— Ty), and G, and G, are reference and operating irradiances,

respectively. Also the reverse saturation current (I,.5) at a certain reference temperature can be
calculated as follows, Ekpenyong and Anyasi, 2013.

_ Isc
IrS - qVoc _ (3)
exp (KATrNS )

The diode current saturated (I;) changes with fluctuations in environmental conditions, so it can be
calculated by the equation below. The parameter E, refers to the band gap energy for the silicon
semiconductor which should be between 1.1 and 1.2 eV, Pandiarajan and Muthu, 2011.

1 (T exp [Be (L2
Iy =1 (Tr) €xp [AK (Tr T)] )
Where K is the Boltzmann constant, g is constant known as the electron charge (g = 1.602 x 10—19

C), Ais ideality factor depends on PV technology as 1, is the diode current that will be calculated
by the Shockley Equation, Pandiarajan and Muthu, 2011.
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CI(V vt vRs)
Ly = I [exp (F252) — 1 ®)
A photovoltaic module is the basic element of each photovoltaic system. It consists of many jointly
connected PV cells. The equivalent module circuit equation for an (Ns) PV cells in series, leads to
equation, Wang and Hsu, 2010.

Vpo+IpuRs Vpo+IypRs
lov = Tpn = s [exp (q( ZKT;S )) B 1] — R,D][J : (6)

3. EXPERIMENTAL FACILITIES AND MATLAB - SIMULINK
3.1 Experimental setup

A study on the effect of partial shading has been done through a series of experimental
measurements. Fig.2 shows the PV system of single PV module. A single monocrystalline silicon
solar module used in this experimental, which consists of 36 solar cells connected in series and
placed on a mobile metallic holder, to get the desired radiation flux. The experimental work has
been make at the department of energy engineering in March, April and May, 2015.Table 1 shows
the electrical characteristics of monocrysalline module under standard test conditions (STC);
irradiance G = 1000 W/m?and temperature = 25°C.The PV module is connected to the Prova 200
solar module analyzer shown in Fig.3 which used for the measurements of output power, efficiency,
fill factor, Vimax and Imax Of the solar module. Solar power meter (TES1333R) shown in Fig.4 that
measures irradiation in W/m2. The temperature of the module was measured using digital
thermometer (TPM-10) attached firmly to the back of the module shows in Fig.5. The entire device
and the solar module, which is supplied by the manufacture (Pasco, TES Electrical Electronic Corp),
are calibrated on line. A software program is supplied by the manufactory company for calibrated
the solar module and prova 200 and solar power meter. For resolution accuracy of the measuring
device (prova 200, solar power meter, digital thermometer), Table 2 demonstrates the properties of
measurement apparatus range, resolution and accuracy.

3.2 Matlab Simulink

A single solar module simulation is based on the single diode model equations were
implemented in Matlab/Simulink. This simulation allows modifying the environmental data and the
electrical parameters characteristic of the implemented photovoltaic module such as irradiance (G),
temperature(T), short circuit current (lsc), open circuit voltage (Voc), etc. The simulation model of
the PV system shown in Fig.6 is divided into two groups, each one of them connected to bypass
diode. The first group contains number of solar cells without shade at radiation flux 1000W/m?.The
second group contains number of shaded cells at radiation flux 500W/m?.

4. RESULTS AND DISCUSSION
4.1 Experimental Results

The effect of partial shading is shown in Figs.7 and 8 the I-V and P-V characteristic curve
respectively at G=1000W/m?and T=45°C. I is equal to 2.8A ,Vq is close to 21.4V the Inay is equal
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2.4A Vnax equal 16.5V.The blue curve represent the case without shade , the red and green curves
represent the case when one or two cell is shaded in horizontal way, noticing that shading has a
strong influence on the I-V and the P-V characteristics curve of the module and the maximum
power decreases for approximately 50% power reduction. The Purple and light blue curves
represent the case when three or four cells are shaded in horizontal way, so that the maximum power
decreases for approximately (96%power reduction). Fig.9 shows the power drop with number of
cells. The power decreases whenever the number of shaded cells increases.

The 1-V and P-V characteristic curves of partial shading in vertical way illustrated in Figs.10
and 11 .The blue curve (without shade). The red and green curves represent when one and two cell
is shaded respectively (power decreases for approximately50%).The Purple and light blue curves
represent the case when three and four cells are shaded respectively (power decreases for
approximately 96%). Fig.12 shows the power drop with number of cells. The power decreases to
half when one or two column is shaded .and continue decreasing when shading three or four
columns.

The power drop with number of shaded cells at different radiation flux 500,800,100 in
horizontal and vertical case shown in Figs.13 and 14. Notice that whenever the radiation flux
decreases the power is decrease. When the radiation flux value of 500W/m?the power became 20 W
less than what it was when the radiation flux (800, 1000), which is 36W, 41W respectively. When
1,2 cells is shaded the power reduces to half and when 3,4 cells are shaded the power reduce more
than half in horizontal case, when shading 1,2,3,4 cells in vertical case the power reduce to half.
Notice the impact of shading when shading (1, 2, 3, 4) cells, in vertical state .it’s different from the
shading (1, 2, 3, 4) cells in horizontal state.

4.2 Partial Shading Simulation

The simulation result of the I-V characteristic curve is shown in Fig.15. The short circuit
current is very closed to 3.1A and the V. is very close to 22V. The simulation result of the P-V
characteristic curve is shown in Fig.16. The maximum power is 50 W which is the expected value.
Vmax 1S Very close to 17.5 V and Iy is very close to 2.9 A. In Fig.17 shows the simulated I-V
characteristic curve for irradiance (G = 1000 W/m?) on Group 1 and shading on Group 2 (G = 500
W/m?) with two bypass diodes connected. The Vmax equals 8.6 V, as the two groups are not equally
illuminated the power shown in Fig.18 contributed by each group is different and the maximum
power is less than 50 W. Table 3 introduces a comparison between the maximum power obtained in
this work and a sample of other previous work such as Basim et al., 2013 and Quaschning and
Hanitsch ,1996.Those works studied the partial shading effect on the performance of PV modules.

5. CONCLUSIONS

This paper presented the procedure for creation the mathematical model of photovoltaic module
under partial shaded condition in the different current Simulink libraries and choose the appropriate
one. The results are found to be in close agreement with the Laboratory results. Experimental results
showed that single cell shading reduces the total power of the solar module to 50%, and the
horizontal shading more influential than the vertical shading .In horizontal shading blocking one or
two cells in the row reduce the power 41 W to 18W (53% power reduction).Shading three or four
cells in the same row reduces the power to 1W or 0.006W (94% power reduction) and also, in
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vertical shading blocking a column of cells (9 cells) in a module has reduce the power from 41W to
18W (53% power reduction).The decrease in power of the photovoltaic module is not proportional
to the shaded area. Also showed when decrease solar radiation the Isc and Voc reduce. As it is
shown by the results that the percentage of error between the theoretical and practical in case
without shade reach to 22.0%, and with partial shading reach to 32%.
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NOMENCLATURE

A = diode ideality factor, dimensionless.

Ey = band gap energy (EV= electron volt)

G, = operating irradiances (W/m?)

G, = reference irradiances (W/m?)

I, = diode current (Amp)

Iph = solar-generated current (Amp)

l,v = output current (Amp)

Is = reverse saturation current (Amp)

Is = diode current saturated (Amp)

Isc = short circuit current, (Amp)

K = boltzmann constant 1.3805*10-23(Joule/Kk)
K = temperature coefficient

s = number of solar cells connected in series.

Rp = parallel resistance (£2)

Rs = series resistance (Q)

T = operating temperature (K)
Tgir = deviation of the operating temperature from the reference temperature (K)
Voc = 0pen circuit voltage, V.

Table 1. Electrical characteristics parameters of the PV module at 25°C and 1000 W/m?.

Rated power 50 W
Voltage at maximum power (Vmax) 17.5V
Current at maximum power (Inax) 2.9A

Open circuit voltage (Vo) 22V

Short circuit current (ls) 3.1A

Total number of cells in series 36
Module weight 5.6Kg
Module type (50)17M800x541
Temperature coefficient k; 0.0017
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Table 2. Measurement apparatus range, resolution and accuracy.

Measuring Resolution Accuracy
range
Solar module analyzer PROVA 200A
DC voltage 0-60 V 0.001-0.01 11104 +(19 of Voc0.09 V)
measurements V
DC current 0-6 A 0.1-1A +1% +(1% of Isc+0.9 mA)
measurements
Solar power meter TES1333R
Solar radiation +10 W/m? or £5%. higher
T easurements 0-2000 W/m? | 0.1 W/m? | temperature induced error of +0.38
W/m2/°C from 25°C
Digital thermometer TPM-10
Temperature '50~7O oC 01 oC il OC
measurement

Table 3. Maximum power degradation comparison with some previous studies.

Power without partial Power with partial shade
shade (W) (W) . 0
Experiment | .. . Experiment | .. . Pross%
al Simulink al Simulink
Present Results 41 50 18.93 25 0.53
Basim et al., 2013 110 108 49 48 0.55
Quaschning and
Hanitsch 1996 20 30 6.3 10.3 0.68
Rs PV module Prova200
—
[
]Ph ]f, ! RF. VPV
]

Figure 1. Equivalent circuit of PV.
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The Effects of Inclination and Compounds Angles of Round Holes in Staggered
Rows on Adiabatic Film Cooling Effectiveness of VVane Suction side
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ABSTRUCT

The aim of this work is oriented to increase film cooling effectiveness value through
numerical investigations for flow of Mach number not more than 0.3 around vane surface, to find the
effects of inclination and compounds angles of round holes in staggered rows on adiabatic film
cooling effectiveness of vane suction side. Multi cylindrical film cooling hole cases were studied
with pitch ratio P/d =2 and 3, local blowing ratios M=0.382, 0.77 and 1.14, inclination angles a=30°
and 45°, compound angles f= 0°, 15°, 30° and 45° and local momentum ratios 1= 0.084, 0.34 and
0.756 for better cooling process.

A numerical technique, using ANSYS-FLUENT version 14.5, was used to solve governing
partial differential equations of mass, momentum (Navier Stokes equations) and energy
conservations in three dimensions with a v? — f turbulence model that involves the solution of the
four transport equations. Based on the results of the numerical solution, the best film cooling
configuration, blowing ratio, with the range of actual engine flow conditions, dimensions and vane
geometry; density ratio 1.74 , temperature ratio 0.57 and blowing ratio M=0.382, 0.77 and 1.14 was
obtained. The best case for inclination angle a=30°, P/d=2 was at M=1.14 and B=0° for the total
average effectiveness along 60L/d of surface suction side was 0.616, while the best case for
inclination angle a=45°, P/d=2 was at M=0.382 and p=30° for the total average effectiveness along
60L/d of surface suction side was 0.516.

In addition, comparisons were performed with available other work, where the experimental
total average effectiveness results of Dees et al., 2011 were in good agreements with the numerical
results of current work with a maximum deviation of 9.9% at 1=0.34 and 3.6% at 1=0.75.

Key words: vane turbine, film cooling, adiabatic cooling effectiveness.
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1. INTRODUCTION

Modern high pressure turbine blade and vane are set under high thermal stress. Since the early
years, the turbine combustion gases inlet temperature has been increasing considerably in order to
increase the work output per unit mass and the thermal efficiency of gas turbine engine. Nowadays,
the combustion gases temperature in the first stages of turbine can be beyond acceptable vane metal
temperatures. In order to keep vanes at an acceptable temperature, a complex cooling ways were
used. Many works were made in the earlier years in order to increase the cooling efficiency and in
the recent years continuous efforts are doing to develop the technologies for higher blade loading,
Gomes and Niehuis, 2013 part Il. Film cooling technique is widely used for the vanes and blades
of the front stages in order to reduce material temperatures as far as necessary for an acceptable life
span of the components. As film cooling jets reduced combustion gases temperature, improvements
can be gain by decreasing the amount of jet cooling mass flow rate and with effective film cooling
distribution on vane surface, Kusterer, et al., 2007.

Several global researches studied the vane film cooling and great affords was done to improve
film cooling method. Cutbirth and Bogard, 2002, defined thermal fields of the showerhead film
cooling region which is part of suction side of a turbine vane by using a closed-loop, low speed wind
tunnel with ranged of blowing ratios from 0.5 to 2.0. Showerhead cooling jet was completely lift-off
from the vane surface even at low blowing ratios and the interaction of the coolant jets from lateral
adjacent holes improve adiabatic film cooling effectiveness. Dittmar, et al., 2003, investigated four
different film-cooling hole configurations on a large scale suction side of vane in open loop
atmospheric wind tunnel and one of them was staggered arrangement of double row cylindrical
holes. It was found that all configurations show similar film-cooling effectiveness at low blowing
ratios. Effectiveness was decreased drastically for the cylindrical holes which were attributed to
coolant jet separation from the vane surface. Colban, et al., 2006, presented a study of the adiabatic
cooling effectiveness and heat transfer coefficients for turbine vane under low-speed conditions by
using low speed wind tunnel. Near the leading edge, the Stanton number had the maximum value.
Measurements of single row adiabatic film cooling effectiveness without upstream showerhead
blowing showed that the jet lift-off was along vane suction side. Waye and Bogard, 2007,
investigated adiabatic film cooling effectiveness for round axial hole and with compound angle on
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the simulated vane suction side to evaluate the performance of these configurations. Experiments
were conducted by using low speed wind tunnel for different coolant density ratio, main flow
turbulence levels, and hole spacing. Compound angle holes provided higher laterally averaged
adiabatic effectiveness than axial holes and the adiabatic effectiveness for the compound angles,
showed better than axial holes. Dees, et al., 2011, presented experimental measurements of external
surface temperature on the cooled adiabatic model of scaled up vane suction side. Adiabatic
effectiveness values were measured on downstream of the film cooling holes near the mid span of
adiabatic vane at local momentum ratio 1= 0.34 and 0.75 . The highest values of laterally averaged
adiabatic effectiveness occur immediately downstream of film injection. At I = 0.34 best
effectiveness was obtained over the whole test domain. Increasing the film cooling momentum flux
ratio decreased the adiabatic effectiveness values due to coolant flow separation.

Mhetras, et al., 2012, studied experimentally the effect of cooling holes location in lateral direction
of a stationary linear cascade on film-cooling effectiveness using the pressure sensitive paint
method. The effect of showerhead cooling jet at vane leading edge and the compound angle hole
type on the suction sides were examined. Dyson, et al., 2013, measured the adiabatic and overall
effectiveness for a scaled up linear vane cascade model, fully cooled, with film cooling holes on a
showerhead and rows on vane suction side in a low speed wind tunnel with a “chord-exit Reynolds
number” of 700,000. Adiabatic effectiveness measured for a model was constructed from foam low
thermal conductivity. The spatial variation in the overall effectiveness was considerably less than
that for the adiabatic effectiveness. Naik, et al., 2014, investigated film cooling effectiveness
characteristics of a first stage turbine via numerical method. The oil flow visualization indicated that
the secondary flows on the vane suction side were relatively small. The impact of high and low
blowing ratios was relatively small on the film cooling effectiveness.

A model studied in this work represents the actual dimensions of vane geometry of 125MW
gas turbine for South Baghdad Power Station as given in Table 1. Study of performance of gas
turbine vane suction side film cooling effectiveness was investigated through different inclination
and orientation angles of film cooling holes. Multi cylindrical film cooling holes cases were studied
as shown in Table 2 to find the best case for better cooling.

2. NUMERICAL SOLUTION

In order to analyze the fluid flow and heat transfer characteristics mathematically at vane suction
sides of turbine, a solution of Navier-Stokes equations is required. Due to the complexity of vane
surface configuration and the significant viscous and heat effects, it is impossible to obtain an
analytical solution of Navier-Stokes equation. Therefore, a numerical technique, using ANSYS-
FLUENT version 14.5, was used to solve governing partial differential equations of mass,
momentum and energy conservations in three dimensions with a v? — f turbulence model that
involves the solution of the four transport equations; the turbulence kinetic energy Kk, its rate of
dissipation e, the velocity variance scale v2 and the elliptic relaxation function £, to demonstrate the
effect of the turbulence on the flow structure.

The annular geometry of vanes was converted to straight for one vane with periodic boundary
condition from suction and pressure side and symmetry boundary conditions in span direction far
from endwall effects at the hub and shroud as shown in Fig. 1. Only 12mm in the middle of the span
which contains holes film cooling, was modeled. This method was used by, Colban, et al., 2007.
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For the modeled geometry, the distance from inlet section of combustion gases to the leading
edge of the vane is 55mm, while the distance from vane trailing edge to exit boundary of combustion
gases is 30mm and the distance between periodic boundaries was 167mm and all other dimensions
are listed in Table 1. Depending on the dimensions of actual vane gas turbine for South Baghdad
Power Station 125MW, the same dimensions of cylindrical film cooling holes have been made in a
model vane with different inclination and compound angles in order to investigate its effects on
adiabatic film cooling effectiveness on vane suction side. In this work, air was chosen as a working
fluid and cold air was used in film cooling flow while the hot air represents the hot main stream
flow. The physical properties for stream was fed as an input to ANSYS-FLUENT and used in
solving the cases.

Pointwise V17.0R1 was used to generate structured, unstructured and hybrid grids. Structured
grid was used around the vane surface for a sufficient distance from the vane surface and then
completed the whole domain by using unstructured grid which result a hybrid mesh in the block that
a mixture from hexahedron, pyramid and prism cells as shown in Fig. 1. Non-conformal grids was
produced due to the difference in cells configuration between vane wall cells and cooling hole exit
area cells (named interface where the locations of grid node at the meet boundaries of two
subdomains not identical).

To obtain accurate solution in this work, skewness kept to not exceed 0.85 for hex, quadratic and
triangular cells and for tetragonal cells, skewness should not exceed 0.9. The mesh adjacent to the
wall was so fine to solve the boundary layer flow. In the film cooling researches that presented, the
recommended value of y+ is less than four. In this work the value of y+ near the vane surface was
kept at a value y+ =1.

For structured domains the orthogonality of grid points adjacent to the vane wall was kept to
perfect orthogonality and max value was 90° along the entire vane surface. For the present model
1,091,160 cells was used. The rate of convergence is indication to mesh quality. In this work the
convergence was achieved with about 160 iterations.

The numerical study of this work depends on the general gas turbine engine conditions that
was specified and used from a very few researches as was found in the literature surveyed. These

C

engine conditions represented by density ratio DR=1.2 t01.75, temperature ratio TT— =0.5t00.7 and

blowing ratio M=0.3 to 1.5. In this research will focus on the effect of inclination and compound
angle of round hole on adiabatic film cooling effectiveness for P/d=2 on vane suction side.

The free stream out from the combustion chamber is normally turbulent or the simulation one in
this study entering the vane inlet boundary and flowing around the vane surfaces suction and
pressure side. This flow is as a flow around an obstacle and it considered as external flow Mathew,
et al., 2013. Flow around obstacle was considered as turbulent for Re; = 20,000. The Reynolds
number for the model vane is Re; = 25100 where the characteristic length is the leading edge
diameter. The characteristic Reynolds number depending on vane cord length as a characteristic
length is normally high Re. = 1.49E+05 in this study depending at inlet velocity and Re, =
5.51E+05 depending on exit velocity at trailing edge and 20% turbulent intensity was used at free
stream inlet velocity.

In the present work, the working fluid was air and the flow characteristics were assumed to be
three-dimensional turbulent incompressible Newtonian fluid flow, density p varies only with
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2
temperature and single-phase flow. In addition, flows pressure work g , and Kkinetic energy V? terms

in energy equation are negligible, viscous dissipation terms (?eff. 17) are negligible ands;, = 0.

In this work Reynolds averaged Navier-Stokes equations RANS was used, ANSYS theory

guide, 2014.

In Cartesian tensor, they can be written as:

dpu; _

ox 0 (1)
0 =Py [, (0T, 02 0W

0x; 'Duiuj_-axi+6x] H (6xj + ax; 36U axi)] 2)

where (—pfd]) is a Reynolds stress tensor R;; which represents the effects of turbulence. The
forma of energy equation that solves in ANSYS FLUENT, was:

V.VPE + P =V. (kepfVT — 5 ] +{Fazrt)) + S5 @A)

The film cooling flow over the vane surface is a boundary layer flow. The most suitable turbulent
model for this type of flow considering the boundary layer is v?> — f model. This model is the
successful modeling of the separation of fluid from a curved surface for example, the suction side of

an airfoil. The turbulence kinetic energy Kk, rate of dissipation &, the velocity variance scale v_2 and
the elliptic relaxation function f can be obtained from the following transport equations:

D ol = Pr — pe 4 2| (1 4 22) 2%

ax, (PkU) = Py — pe + ox; [(ll + ak) ax,] (4)
i =) — Ce1Pr—Cezp€ i Kt E

dx; ('Dgul) - T + Ox; [('u + as) ax,] (5)

5]

O (770 = okf — 6052 4+ 2 [ (4 4 B£) 27

0x; (,DU ul) B 'Dkf 6pv k + ox;j [(H-l- ak) 6xj] (6)
2 9% _ é_% Py %

f-la= G- D+ G+ (7)

The model constants have the following default values:
a=0.6,C1=1.4,C2=O.3,C€1=1.4,C82=1.9,(C,7=70),C”=0.22,CL=0.23,ak=1,

o,=13,Coq= Cy <1 + 0.045 fk/ﬁ), ANSYS Fluent v?> — f turbulence model manual,
2013.
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Boundary conditions were specified for each zone of the computation domain. For the steady
state, there were four boundaries in the physical flow domain, inlet, outlet, periodic boundary and
solid surfaces wall as shown in Fig. 1. However, the internal domain zone that shares common areas
faces does not require any boundary condition.

The boundary conditions used in this work are as follow:
- Velocity-inlet boundary at area NO.l, whereU, = 23m/s, T, = 527k, T, = 20%,
Dy, =22.3mm and pressure gage=0.

- Pressure outlet boundary at area NO.2, where T, = 527Kk, T,, = 5%, D;, =22.3mm.

- Periodic boundary at area NO.3.

- Velocity-inlet boundary at area NO.4, where its velocity depend on blowing ratios with

T, = 300k, Dy, =2mm.

- Symmetry boundary at area NO.5

- Wall boundary at area NO.6, no-slip and adiabatic wall was defining by setting a zero heat

flux condition.

- Zero-gradient boundary condition for the variable f at inlets with default value = 1

- ke ,v?and ¢ at inlet boundaries were compute its initial values from:

k3/2 - 2
k=15(TUx)* ; £=009"7"— |  v2Z=Zk ; £=0.07Dhosareators)

ANSYS Fluent v? — f turbulence model manual, 2013.

In this work the predicting near-vane wall cell distance was specified according toy* =1, a
good power law correlation for a flat plate for turbulent coefficient of skin friction was used,
Saadati, 2009, as follows:

Cr ~ 0.027Re)’” 8)
Wall shear stress was predicted from;

1
Ty = ECprEO )

From t,,compute the velocityU,;

U, = E (10)

The distance from the wall to the centroid of the first cell Ay can be estimated by choosing the
desired wall distance vector y* = yTUT dimensionless where y distance from the wall.

ay =2+ (11)

To characterize the film cooling performance, adiabatic film cooling effectiveness was used. It
represent a normalized form of T, (the coolant temperature at the wall will be at the adiabatic wall
temperature, Ty, , Which it was the driving temperature potential for heat transfer into the wall). The
film effectiveness 7 is defined as follows, Bogard, 2012:

To—Taw
n= (12)

Teo _Tc,exit
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In this work Mach number (Ma) is assumed to not exceed 0.3 in two passages around the vane
surface, in order to be within incompressible flow range. The velocity was kept approximately at
U, = 23 m/s at the inlet of vane near the leading edge to ensure the Mach number not exceeds 0.3
around the vane. This velocity was specified via using Auto-Cad program and thus the minimum
vane passage flow area was calculated (it is equal to 0.0003396m?2). Also, the cross sectional area
between two stagnation points on the pair of the neighbor vanes was equal to 0.002m?. The velocity
of sound (a) at the temperature of hot main stream flow of 527C° was equal to 458m/s that found
from Eq. (13).

a=((Z)RT)"0.5 (13)

U=Ma=x*a (14)

Hence, from Eq. (14), the maximum hot flow speeds at minimum vane passage cross section area
was computed.

4. RESULTS AND DISCUSSIONS

As shown from the contours of vane static temperature, Fig. 2, the staggered arrangement of
holes improves the film cooling on vane surface where the upstream row of staggered arrangement
fills the film cooling gap between the holes of downstream row of staggered arrangement. As shown
in the jet film cooling fully attached to vane surface because of low momentum ratio 1=0.085
corresponding to blowing ratio of M=0.382. The local span average effectiveness of case (1) for =
0°, 15° and 30° along 60L/d was presented in Fig. 3 with insignificant difference among local span
effectiveness. The values of total average effectiveness for these cases were 0.342, 0.413and 0.387
respectively. Figure 4 shows local span average effectiveness for case (2) for = 0°, 15° and 30°
along 60L/d of vane surface distance. At p= 30°, the cooling jet was lift-off little from the hole
trailing edge of the downstream row and reattached at 8L/d after mixes with hot gases and the
temperature of cooling jet was increased. While the cooling jets for p= 0° and 15° were fully
attached to the vane surface which that improve the cooling effectiveness. The momentum ratio of
1=0.34 corresponds to M=0.77 was the moderate between 1=0.25 and 1=0.5. Below 1=0.25 the
cooling jet was fully attached the vane surface and for 1=0.5 and above the cooling jet flow was
separated. The value of total average effectiveness at 60L/d surface distance was 0.517, 0.535 and
0.432 respectively. The local span average effectiveness of case (3) for p= 0°, 15° and 30° along
60L/d was presented in Fig. 5. The cooling jet was fully attached the vane surface at f= 0° and 15°.
For = 30°, the jet was separated and mixed with hot mainstream gas that flows above the cooling jet
and between the gap formed in cooling jet from staggered holes arrangement and the second vortex
system of hot gas sweeps and mixes under cooling jet and warm the gap area and the cooling jet
warms and mixes as it flows in downstream direction. The value of total average effectiveness at
60L/d surface distance was 0.616, 0.496 and 0.366 respectively.

Among the cases (1, 2 and 3) the best one that gave higher total average effectiveness along
60L/d was case (3) at p= 0° (n= 0.616) where the local span average effectiveness for this case as
shown in Fig.6. It was obvious that the case 3 at B= 0° had the highest total average effectiveness of
0.616, but for the case 2 at f= 15° had also a good value of total average effectiveness 0.535. The
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percentage difference between two values of total average effectiveness was 8.1% and this value
was achieved by increasing the blowing ratio from 0.77 to 1.14 which represents 25.2%.

Fig. 7 represents the span average effectiveness of case 4 for f= 0°, 15°, 30°, and 45°.  In this
case, the cooling jet fully attached to vane surface. While the high inclination angle, a=45° assists
the jet to separate, but the low blowing ratio M=0.382 and its corresponding low momentum ratio
prevent the separation. Due to low blowing ratio, the cooling jet quickly losses its coldness due to of
mixing with hot flow stream. This mix is proportional with degree of compound angle. p=
30°produces a high lateral cooling distribution and increases perfectly the effectiveness. The values
of total average effectiveness along 60L/d of vane surface were 0.375, 0.362, 0.516 and 0.334
respectively. Fig. 8 shows the span average effectiveness of case (5) for p= 0°, 15°, 30°, and 45°. At
B= 0 and 15°, the cooling jet attached to the surface with not allowing the hot gases to control and
weaken the cooling effect. For = 30°, lift-off was occurred and reattached at 5L/d while at = 45°
lift off was occurred and mixed with hot gases and causes poor in lateral cooling distribution which
decreases the cooling effectiveness. Very good lateral cooling distribution at compound angle 15°
and 30°. The values of total average effectiveness for f= 0°, 15°, 30°, and 45° were 0.47, 0.523,
0.487 and 0.215 respectively. From Fig. 9 the span average effectiveness of case (6) for = 0°, 15°,
30°, and 45° were clarified. At p=0° and 15° the hot gas don’t mix strongly with cooling jet and the
cold mixture still in touch with the vane surface with good lateral cooling distribution. At f= 30° the
cooling jet were separated and warmed via mixes with hot gas and reattached at 6L/d after losing
some of its cooling effect with few lateral distributions. At B= 45° the cooling jets mixed with hot
gas, converged and lost the cooling effect after 8L/d. The values of total average effectiveness for p=
0°, 15°, 30°, and 45° were 0.524, 0.452, 0.286 and 0.09 respectively. Among cases (4, 5 and 6) the
best one that gave higher total average effectiveness along 60L/d was case 6 at = 0° (n= 0.524). It
was clear that the values of total average effectiveness of these three cases had the highest and
approximately equal values which were 0.516 at p= 30°, 0.523 at p= 0°, and 0.524 at = 0°,
respectively. The choosing one of these values as the best case must not depend on the highest value
of total average effectiveness only, but also depends on the blowing ratio for each of these cases
must. The increase of blowing ratio from 0.382 to 1.14 represents 50.8% increasing in blowing ratio
which reduces gas turbine engine efficiency. The percentage increase in total average effectiveness
from 0.523 to 0.524 was 0.1% with corresponding to percentage increase in blowing ratio 25.2% for
increasing M from 0.77 to 1.14. So that the case (6) with = 0°will be out of the interest. Thus the
comparison will be between case 4 at f= 30°, and case (5) at. B= 0°. The percentage increase in total
average effectiveness for these cases, from 0.516 to 0.523 is 0.7% with corresponding increasing in
blowing ratio of 25.6% for increasing M from 0.382 to 0.77. So that the best case was case (4) at p=
30°, because it was not logic to cool and increase the gas turbine efficiency of 0.7% by increasing
the injection cooling air through increase blowing ratio 25.6% .

The best case for thirty degrees inclination angles of film cooling holes was the case (3) at p=0°
that had the value of 0.616 total average effectiveness, and the best case for forty five degrees
inclination angle of film cooling holes was the case (4) at f= 30°, that had the value of 0.516 total
average effectiveness. The difference between the values of total average effectiveness 0.616 and
0.516 is 10%. This 10% increase accomplished with increase in blowing ratio of 50.8% .The
designer of gas turbine engine is the only person has the permission to decide whether this 10%
increase in cooling effectiveness worth to increase blowing ratio. In this work the case (3) at p=0°
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with total average effectiveness 0.616 was chosen to be the best case among all the twenty one
different cases as shown in Fig. 10.

Comparison was made between cases from current work and experimental cases from Dees, et
al., 2011, as shown in Fig. 11. Two cases from current study on the vane suction side, consists of a
line of holes at a=45°, p=0°, P/d=3 at 1=0.75 and the second at 1=0.34. These two cases were
compared with two cases from Dees, et al., 2011, work with a line of holes at the suction side of
scaled up vane four times bigger than the actual size at a=42, =0, P/d=3, where first case at 1=0.75
and the second at 1=0.34. It was obvious that the value of local momentum factor was close together
among the compared cases. It was obvious that there were no lift-off occurred in the cooling jet for
both cases of Dees et al., 2011, while in current study, the cooling jet lift-off was found and
reattached at 5.4L/d. So that the total average effectiveness of Dees, et al., 2011 two cases was 0.279
at 1=0.34 and 0.206 at 1=0.75 along 55L/d where higher than the total average effectiveness of
current cases, which were 0.18 at 1=0.34 and 0.17 at 1=0.75. The reason of these differences in
cooling performance between cases of Dees, et al., 2011, and current study cases were related to
used actual engine vane size in this work, while Dees, et al., 2011, was used scaled up four times
larger than the actual engine vane size. Generally, for 1=0.34 and 1=0.75 for current study as shown
in Fig. 11 was closed to spouse results of Dees, et al., 2011, cases especially after 16L/d, where the
maximum deviation of 9.9% at 1=0.34 and 3.6% at 1=0.75.

5. CONCLUSIONS
The following conclusions were extracted from numerical simulation results on the prediction of

the best configurations of film cooling round holes on vane suction side:

1- For case (1) the highest effectiveness was at p=15° with the total average effectiveness along
60L/d was 0.413.

2- For case (2) the highest effectiveness was at f=15° with the total average effectiveness along
60L/d was 0.535.

3- For case (3) the highest effectiveness was at f=0° with the total average effectiveness along
60L/d was 0.616.

4- For case (4) the highest effectiveness was at f=30° with the total average effectiveness along
60L/d was 0.516.

5- For case (5) the highest effectiveness was at f=0° with the total average effectiveness along
60L/d was 0.523.

6- For case (6) the highest effectiveness was at f=0° with the total average effectiveness along
60L/d was 0.524.

7- The best case for inclination angle a=30 was case (3) at p=0° with the total average effectiveness
along 60L/d of surface suction side was 0.616, while the best case for inclination angle a=45°
was case (4) at p=30° with the total average effectiveness along 60L/d of surface suction side
was 0.516.
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NOMENCLATURE

Latin Symbols
Symbol

Cp

Cy

PV

TUMIZIZE ST "IN mQOgen
D

P/d

specific heat

turbulent coefficient of skin friction

chord length

cooling hole diameter

density ratio
energy

elliptic relaxation function
span or vane height

local momentum ratios
turbulence kinetic energy
fluid thermal conductivity
the turbulence length scale
local blowing ratios

mach number
average pressure
hole pitch

pitch ratios

reynolds stress tensor

reynolds number depending on vane cord length as a
characteristic length

reynolds number for the model vane where the characteristic
length is the leading edge diameter.

chemical reaction heat, and any heat source

distance between two stagnation points of vane leading edge.
distance from stagnation point on vane leading edge
downstream along suction side vane surface.

turbulence intensity.

local flow temperature, turbulent time scale.

mainstream temperature

adiabatic wall temperature

coolant temperature

temperature ratio
time

Description

Unit
J/ kg.K

mm
mm

mm
m2/s2

W/m.K
mm

Pa
mm

N/m?

mm

AARAARARX

w



Number 6 Volume 22 June 2016 Journal of Engineering

Uo mean mainstream velocity m/s
Unocal local hot flow velocity near cooling hole region m/s

U, cooling flow velocity at hole exit m/s

U, shear velocity m/s

v velocity vector m/s
Greek Symbols

Symbol Description Unit
a inclination angle degree
a constant -

S compound or orientation angle degree
Sl vane angle at inlet degree
b2 vane angle at outlet degree
€ rate of dissipation m?/s3
n adiabatic film cooling effectiveness -

Ay distance from the wall to the centroid of the first cell mm

U dynamic viscosity kg/m.s
Ue turbulent or eddy viscosity kg/m.s
\ kinematic viscosity m?/s
Pn hot flow density kg/m3
Pe cold flow density kg/m?3
p density kg/m?3
Ty wall shear stress N/m2

Table 1. Dimensions of actual gas turbine vane (at the mid span) of South Baghdad Power plant and
numerical model vane of this study with its initial conditions.

Item Model vane
Pitch or vane spacing S 167mm
Chord length C 267mm
Vane angle at inlet 5/ 0 degree
Vane angle at outlet 52 76 degree
Inlet uniform velocity U,, 23.24m/s
Chord Reynolds number Re_ ;,, at inlet boundary 1.49E+05
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Table 2. Cases studied.

Case no.

M

a

Case (1)

0.382

0.084

30°

15°

30°

Case(2)

0.77

0.34

30°

OO

15°

30°

Case(3)

1.14

0.756

30°

00

15°

30°

Case(4)

0.382

0.084

45°

00

15°

30°

45°

Case(b)

0.77

0.34

45°

00

15°

30°

45°

Caset#tb

1.14

0.756

45°

00

15°

30°

45°
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Velocity inlet boundary condition,
air at U,.=23m/s, T..=527K,
T, = 20%. Dy=22.3mm

Cylindrical film
cooling holes

Adiabatic
WVane wall

Periodic
boundary

Periodic
boundary

Velocity inlet

boundary condition,

air cooling flow at
300K, Dy =2mm

Pressure outlet boundary condition at exit
temp. 527K, T,,=5%, Dy, = 22.3mm

5.280+02
5.17e+02
. 5.05e+02
4.940+02

4820402
4.71e+02
4.59e+02
4 48e+02
4.37e+02
4.25e+02

4.14e+02
4.02e+02
! 3.91e+02
" 3.79e+02

3.680+02
3.56e+02
3.450+02
3.33e+02
3.22e+02
3.11e+02

2.990+02 OQQ

Contours of Static Temperature (k)

Figure 2. Contours of static temperature K for the vane suction side with
staggered film cooling holes. Model for M=0.382, a=30°, P/d=2.
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Figure 3. Span average effectiveness for the case 1 at = 0°, 15° and 30.
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Figure 4. Span average effectiveness for the case 2 at = 0°, 15° and 30.
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Figure 5. Span average effectiveness for the case 3 at p=0°, 15° and 30.
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Figure 6. Best span average effectiveness among the cases for a=30.
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Figure 7. Span average effectiveness for the case 4 at p=0°, 15°, 30°, and 45°.
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Figure 8. Span average effectiveness for the case 5 at p=0°, 15°, 30°, and 45°.
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—=—EB=15, total average
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—e—B=45", total average
eff. =0.090 along 60L/d
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Length of suction side/film cooling hole diameter, L/d

Figure 9. Span average effectiveness for the case 6 at = 0°, 15°, 30°, and 45°.
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Figure 10. Best span average effectiveness for the cases 4, 5, and 6.
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Figure 11. Comparison between results of current study and experimental
results of Dees, et al., 2011.
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ABSTRACT

In this paper, an analytical solution describing the deflection of a cracked beam repaired with
piezoelectric patch is introduced. The solution is derived using perturbation method. A novel
analytical model to calculate the proper dimensions of piezoelectric patches used to repair
cracked beams is also introduced. This model shows that the thickness of the piezoelectric patch
depends mainly on the thickness of the cracked beam, the electro-mechanical properties of the
patch material, the applied load and the crack location. Furthermore, the model shows that the
length of the piezoelectric patches depends on the thickness of the patch as well as it depends on
the length of the cracked beam and the crack depth. The additional flexibility of the beam caused
by crack is modeled depending on a dimensionless parameter identified from finite elements
method. Different piezoelectric patches were designed and investigated using analytical and
finite elements models. The results show that increasing the patch thickness enhances the beam
resistance to crack and load effects, while increasing the length of the piezoelectric patch reduces
the magnitude of the voltage required to repair the cracked beam.

Keywords: Repaired beam deflection, slope discontinuity and piezoelectric patch dimensions
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1. INTRODUCTION

Repair cracked structure using passive patch is achieved from bonding the patch at the crack
location where it causes to local increasing in the structure stiffness. Thus, the structure will
resist the crack propagation. Composite patch usually is preferable on the metal patch because it
has a higher stiffness and a lighter weight. Many researches are investigated the repair of
cracked structures using metal or composite patches (passive patches) e.g. Rose, 1981, Chue et
al., 1994, Sun et al., 1996, Doung et al., 2006, Ayatollahi and Hashemi, 2007, Hosseini-
Toudeshky et al., 2011, Maligno et al., 2013,. Ramji et al., 2013, and Kwon and Hall, 2015.
Passive patches become inefficient when the load conditions and/or the crack characteristics are
changed. This motivates many researchers to study active patches made from a piezoelectric
material instead passive patches. The active patch converts the applied voltage on it to a bending
moment to counter the bending moment caused by the external load on the beam at the crack
location. The magnitude and direction of the bending moment caused by the piezoelectric patch
can be controlled by adjusting the external applied voltage. The technique of crack repair using
piezoelectric patch is proposed first by Wang et al., 2002. The authors discussed the feasibility
of using piezoelectric patch to repair a simply supported beam includes an open type crack
subjected to static load. They were theoretically showed that using piezoelectric patch can
effectively repair the cracked beam. Later Wang et al., 2004 studied theoretically the repair of
the cracked beam subjected to an external dynamic load. It was deduced that using piezoelectric
patch may decrease the singularity at the crack tip. Liu, 2007, studied two-dimensional plane
strain finite element analyses of the active repair for cracked structures using multi-layered
piezoelectric patch. It was concluded that the better design choices for the piezoelectric patch are
as follows: increasing the layer number and increasing the patch length. In additions, it is not a
good idea to use higher input voltage that is larger than the required voltage because it will
enlarge the crack open near the crack tip. Later Liu, 2008, made a comparison between two
criteria which are used to repair beams with piezoelectric patches: the slope continuity and
fracture mechanics criteria. The finite element analyses have been used to consider crack contact
analyses and fracture mechanics in the crack tip. It was concluded that the fracture mechanics
criterion is better for defining the required voltage for repair. Ariaei et al., 2010, introduced an
approximated model describing the deflection of a beam contains a crack and is repaired with a
piezoelectric patch; the beam is subjected to moving mass. The governor equation is derived
basing on Timoshenko beam theory. The authors deduced that using piezoelectric patch can
reduce the cracked beam deflection to be same as that when the beam is healthy i.e. has no crack.
Platz et al., 2011, introduced a statistical approach to evaluate the reduction of the fatigue crack
propagation within a simply supported beam which is repaired using piezoelectric patch. It was
shown that repair the beam with piezoelectric patch leads to a significant reduction in the crack
propagation within the beam.

In the present work, an analytical solution describing the deflection of a cracked beam is
introduced. This solution is extended to describe a cracked beam repaired with piezoelectric
patch. The solution is developed using perturbation method whereas the model describing the
repaired beam includes a mathematical term identified from a finite elements model. Precisely,
the crack is assumed to cause an additional flexibility to the beam. This flexibility makes
discontinuity of the beam slope at the crack location. The slope discontinuity is described by a
proposed relationship which contains a dimensionless parameter identified from finite elements
models. Furthermore, the derived solution is developed to obtain a novel model which can be
used to determine the proper dimensions of the piezoelectric patch depending on the magnitude
of the subjected force, crack depth and location and the desired applied voltage. The patch
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design is based on two important factors: factor of safety and the voltage factor. These factors
are introduced to ensure that the piezoelectric patch can repair effectively the cracked beam
depending on the designer preferences. A cantilever beam subjected to an external static load at
its tip was used to validate the proposed model. The cantilever beam was studied at different
conditions: different dimensions and locations of the crack and different dimensions of the
piezoelectric patch. For each condition, a proper piezoelectric patch was designed and
investigated using finite elements model. In all conditions a good agreement was obtained
between the results and the designed piezoelectric patch satisfied the repair requirements.

2. MODELLING OF BEAM

Cantilever beam is chosen to investigate the parameters which affect the repair of a cracked
beam with piezoelectric patch. The same procedure can be followed to obtain the solution for
any other type of beam support. As shown in Fig. 1, three cases will be modeled: healthy
cantilever beam, cantilever beam includes open type crack and cracked cantilever beam repaired
with piezoelectric patch.

The crack is considered to be an open type crack as shown in Fig. 2. The width of the crack is b,
and the depth of the crack is t.. It is assumed that the crack appears along the whole width of the
beam.

2.1 Healthy Cantilever Beam
Healthy beam refers to that beam does not contain any crack; the equation of the deflection of
such beams can be expressed as (Hearn, 1985)

2

I, d—x}z’ = M, (x), 1)

Yy
where y the deflection of the beam, Y, is the modulus of elasticity, I, is the moment of inertia
and M(x) the external applied moment. Based on Equation (1), the deflection of the healthy
cantilever beam shown in Fig. 1a can be expressed as

d*yp, _

YbIbW = —FX, 0<x< lb; (2)

where y;, is the deflection of the healthy beam and F is the applied external load. The slope 6,
and deflection y;, of the healthy cantilever beam can be obtained from integrating Equation (2)
with using the following boundary conditions

dyn
Onlx=1, = . =0, (3a)
=ib
and
yhlleb =0, (3b)

where [, is the length of the beam. Thus, the slope of this beam is can be written as
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(15— x?), 0<x <L, )

The deflection of a healthy cantilever beam can be expressed as

Yn (3l2x — 213 — x?), 0<x<I,. (5)

=6V,
More details can be found in any textbook of mechanics of materials e.g. Hearn, 1985.

2.2 Cracked Cantilever Beam

Cracked beam can be modeled basing on the piecewise approach introduced by Krawczuk and
Ostachowicz, 1995. In this approach, the beam is divided into finite segments depending on the
crack location. Referring to Fig. 1b, the slope of the cracked beam 6. can written as

(04 0=x<,
@‘{mZZCst@. (6)

The deflection of the cracked beam y, can expressed as

(Y 0=sx<,
%_t@ I, <x<l, (7)

where [, is the length of the beam at which the crack appears. For simplicity, [. will be called
crack location. The governing equations of the cracked beam can be written as

dz)’c1
YbIbW = —Fx, 0<x< lc: (83.)
and

d2
Vply —>5% = ~Fx, e <x<l, (80)

Integrating Equation (8a) and Equation (8b), thus

YplpOc1 = _gxz +C3) 0<x<lI, (9a)
Vol =~ e e, 0SxsL (ob)
YpI,0.0 = —gxz + ¢4, I <x <1, (9¢c)
Ypolp Ve = —gx3 + c1x + ¢y, le <x <1 (9d)
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To find the constants (¢, to c,) in Equation (9a) to Equation (9d), it is required four boundary
conditions; these conditions are:

902|x=lb =0, (10a)
and
chlx:lb = 0. (10b)

It can be predicted that the crack causes a discontinuity of the beam slope at the crack location.
This means that the slope of the beam to right of the crack differs from the slope of the beam to
the left of the crack as shown in Fig. 3. Therefore, the following relationship between the slopes
of the beam at the crack location can be assumed

961|x=lc - 9c2|x=lc =H 9c1|x=lc- (10c)

where p is a dimensionless parameter has a value less than one as shown in Fig. 3. This
parameter is introduced to count for the additional flexibility of the beam due to crack.
Therefore, it will be called the crack flexibility parameter. It depends on beam characteristics
(geometry and properties) and crack Characteristics (dimensions and location). This parameter
can be identified either from experiments or from finite element model. In this paper, the crack
flexibility parameter will be identified from solving the system with finite elements model.
Because of the homogeneity in beam deflection, the following boundary condition can be
assumed

YVe1 |x=lc =DYe2 |x=lc- (10d)

These boundary conditions (Equation (10a) to Equation (10d)) are used to calculate the constants
(cq to c,) in Equation (9a) to Equation (9d); these constant found to be

F
1 = Ellzﬂ (113.)
F
c, =—=13, (11b)
3
FIG-1) , ,

— 11
3= (1_M)+lc, (11c)
and
Cy = 5[3121 — 213 - 313 - & (121, — 13))]. (11d)
4 6 btc b c 1— 1 btc c

Substituting the expressions of the constants (Equation (11a) to Equation (11d)) into the
equations of the slopes derived earlier (Equation (9a) and Equation (9c)) gives
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6, = [(fte + 12— x? 0<x<I (12a)
oL \1=) T T =x=te
and
F 2 2
Oz = AR (lp — x%), I, <x <1, (12b)

Also, from substituting Equation (11a) to Equation (11d) into Equation (9b) and Equation (9d)
gives the deflections of the cracked beam as

F
Y = gy T 312x + 3121, — 213 — 313 — &3
b’b 3 0<x<lI, (13a)
+ m(lﬁ —)x -1,
and
F 3 3
Vey = AR —— (Blix — 213 — x3), l. <x <, (13b)

2.3 Cracked Cantilever Beam Repaired with Piezoelectric Patch
Now, same approach stated before will be used to model the repaired beam with patch. Referring
to Fig. 1c, the slope of the repaired beam 6,. can be expressed as

f@rl’ OSXSlC—lp,
97«2, lc_lp stlc,

O =0, L<x<l 41, (14)
L9r4r le+1, <x <1,
Also, the deflection of the repaired beam y, can be written as
<x<l.—
[ 2onier
_ yTZr c lp= X = c
=3\ o<x <l + Ly, (15)
Lyﬂf' o+ 1, <x <1,
The governing equations of the repaired beam can written as
v, S0 0<x<l —1, (16a)
dx?

Two effects can be caused by piezoelectric patch at the bonding location on the beam: increasing
local stiffness and applying local bending moment M,,. The local increasing of the beam stiffness
at the bonding location can be addressed from considering the total flexural rigidity Y;1, thus
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Y.] dzyrz_ Fx+ M I.—1, <x<lI (16b)
R e~ sxsl

d?y,s l.<x<Il.+1, (16¢)
Vele——5 = —Fx + My, ‘ o
and

d2
ybjb# = —Fx, le+1, <x <, (16d)

The total flexural rigidity Y;I; is calculated and found to be

b,t3 tp + ty\* bpt3
Y, =Y, {% + lbptp ( 5 ”) l} +Y, <1—2”> (17)

where Yy, t,, and b,, are the modulus of elasticity of the piezoelectric patch, the thickness of the
piezoelectric patch and the width of the piezoelectric patch, respectively. t, and b, are the
thickness and width of the beam, respectively. Again, integrating Equation (16a) to Equation
(16d) gives

Fx?
Yblbe‘r‘l = _T + T7, 0 S X S lC - lpi (18a)
x3
Yplpyr = e +1rx + 713, 0<x<l -1, (18b)
Fx?
Ytlte')"z = _T + Mpx + TS) lC - lp S X S lc; (180)
Fx3 Myx?
Yeleyr, = e + pz + 15X + 7%, le—1l,<x<l, (18d)
Fx?
Ytlterg = _T + Mpx + 13, lc <x< lc + lp, (186)
Fx3 Myx?
Veleyrs = ———+ D rxty, l<x<l +1, (18f)
Fx?
YplpOry = B + 1, le+ lp Sx <, (180)
and
3
Yplpyra = —T‘l' X+ 71y, le+1l, <x <1, (18h)
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In order to calculate the constants (r; to rg) in Equation (18a) to Equation (18h), the following
boundary conditions are applied:

Oralx=1, = 0, (19a)
Vralx=1, = 0, (19b)
9r3|x=lc+lp = 9T4|x=lc+lp' (19¢)
Yralx=to+t, = Yralx=to+1, (19d)
Or2lx=1. = Orzlx=1, = 1 Oralx=i,» (19¢)
Vrzlx=1, = Yralx=10 (19f)
Or2lx=tc-1, = Ortlx=i—1, (199)
and

yr1|x=lc—lp = yr2|x=lc—lp' (19h)

Applying the above boundary conditions on Equation (18a) to Equation (18h), thus the constants
can be expressed as (the constants are calculated depending on each other in order to keep short
term expression)

_Fl3

= 20a
n=— (20a)
Fi3
7'2 = _b _— T'llb, (20b)
6
F 2
ry = 5(1 Kl + 1) +kry — My(L + 1), (20c)
F M
n=c(- (e +1,)° - TP(IC +1,)" + (kry —13) (L + 1) + kry, (20d)
1 Fi1?
_ _ ke 2
Ts (1 _ u) lﬂ (Mplc 2 ) + r3lﬁ ( Oe)
T6 = (T3 — TS)lC + T4, (20f)
1 2
= [Fle = 1)l = 1,)" + 2M, (I — 1) + 215 (20g)
and finally
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ro = — |[Fle = 1)(1c = 1,)" + 3M (1. = 1,)" + 6(r5 — kry) (I — 1)

6k (20h)
+ 6r6].
The constant introduced in the above equations k is defined as
Yl
_ _tt 21
k K (21)

3. OPERATION OF THE PIEZOELECTRIC PATCH

Adjusting the operation of the piezoelectric patch is the most important parameter which
determines the achieving of the beam repair. The operation can be adjusted from controlling the
voltage applied on the piezoelectric patch. This voltage should be calculated based on a certain
operation strategy of the piezoelectric patch. The strategy should ensure that the applied voltage
does not exceed the maximum voltage which the piezoelectric patch can withstand. Also, it
should ensure that the moment induced by the piezoelectric patch not exceeds and counters the
moment caused by the external force at the crack location.

3.1 Applied Voltage
The axial stress along piezoelectric layer g, induced by the applied voltage 1/, can be written as
(Sun et al, 1999)

Va
0, = €31 t_, (22)
14

where t,, is the thickness of the piezoelectric layer and e3, the stress constant of the piezoelectric
patch which can be calculated as (Southin et al, 2001)

€31 = L’ (23)

st1 + St
where d; is the piezoelectric coefficient, s£, and s£, are elastic compliance of piezoelectric
layer at constant electric field; these properties can be found in the datasheet of the used
piezoelectric patch . The axial stress o, will cause a local bending moment effecting on the
beam; this bending can be expressed as (Wang et al, 2002)

t, +t
M, = o'xtp( D > p). (24)

The applied voltage V, can be determined from using Equation (24) and Equation (22), thus

2M,,

o = m- (25)

The maximum moment generated by the piezoelectric patch M,, equal to the moment caused
by the external force at the crack location, otherwise the patch will bend the beam in the opposite
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and enlarge the crack open near the crack tip as stated by Liu, 2008. Therefore, the maximum
moment induced by the piezoelectric patch M, can be expressed as

= —FlI,. (26)
Pmax c
The minus sign refers to that the moment counting the moment caused by the external force F.
The maximum applied voltage V,  can be calculated from substituting Equation (26) into
Equation (25), thus

Gmax es1(ty +tp)

In this paper, the repair is achieved if the piezoelectric patch makes the slope of the cracked
beam return back to its original state when there is no crack; this means that the slope of the
repaired beam equal to the slope of the healthy beam, thus

Or2lx=1, = Onlx=1, - (28)

The slope 6, ,-;, can be found from substituting Equation (20a), Equation (20c) and Equation
(20e) into Equation (18c) at x = [, thus

1

F 2
_ - 2 _ 2 _
Onslemt =y =0 {2 [k [12 = (1 + 1,)°| + 3 + 20,1, Mplp} (29)
Equating Equation (29) and Equation (5), and then solving the obtained expression to find the
moment M,, can be expressed as

F
My =5 [ku(12 — 12) — (k — (12 + 2L.1,)] (30)

Equation (31) can be used to calculate the constants derived before (Equation (20a) to Equation
(20h). the applied voltage 1/, can be found from substituting Equation (30) into Equation (25),
thus

- F[Ck = D8 +2Lely) — kutlf — 1D)] an
es1ly(tp + tp)

Equation (31) shows the effect of many important parameters on the magnitude of the applied
voltage V, ; these parameters are the length of the patch [,, the length of the beam [,, the
stiffness parameter k and the flexibility parameter u which their effects are not considered in the
work of Wang et al, 2002 and 2004.

3.2 Design of Piezoelectric Patches

In order to ensure that the piezoelectric patch can effectively repair the cracked beam under the
effect of the force F, it will be designed to withstand a larger force F; which is related to the
applied force F by the following relationship
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ar =5 (32)

where a is factor of safety has a value greater than one depending on the designer preferences.
The maximum voltage V; corresponding to the force F; can be calculated from substituting
Equation (32) into Equation (26), and then substituting the result into Equation (25), thus

2apFl,
Vy=——". (33)
es1(tp + tp)

E is the maximum electrical field which can be applied on the piezoelectric patch. It is a
property can be found in the datasheet of the used piezoelectric patch. Therefore, the desired
applied voltage V; can written as

Vy = Et,. (34)

Equating Equation (33) with Equation (34), and then solving the obtained expression to calculate
the thickness of the piezoelectric patch t,, which is found to be

1 8arFl,
=5 tZ —

e 35
esiE tp (35)

For completing the patch design, it is required to define a new factor a;,; which will be called the
voltage factor and defined as

Va

(36)

ay =

Amax

The factor ay, is dimensionless factor has a value ranging from zero to one based on the desired
applied voltage specified by the patch designer. From using Equation (27) and Equation (36), the
applied voltage V, can be expressed as

B 2ayFl,
V= ——H2 < (37)
ez (tp +tp)

The required length of the piezoelectric patch [, can be calculated from equating Equation (31)
with Equation (37), and then solving the obtained quadrant equation to calculate the length [,
which is found to be

o= (Y - - (e e

In the above analysis, the width of the piezoelectric patch is considered to be constant and equal
to beam width.
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4. FINITE ELEMENT MODEL

In this paper, a steel cantilever beam was chosen to be the case study. The beam has a
rectangular cross sectional area of 10 mm width and 30 mm thickness. The length of the beam
was chosen to be 1000 mm. The external force was applied at the tip of the beam of magnitude
100 N. The standard mechanical properties of steel material were used e.g. the value of modulus
of elasticity was taken as 210 GN/m?. The piezoelectric is chosen to be hard lead zirconate
titanate type EC-63 manufactured by EXELIS. Table 1 shows the specifications of this material
obtained from the datasheet. These specifications are required for running the finite elements
model and simulating the analytical solution. The proposed cantilever beam was built using
finite element model as shown in Fig. 4. The piezoelectric patch was considered to be perfectly
bonded in the opposite side to the crack at the surface of the beam.

The crack flexibility parameter u is identified from comparing the slopes obtained from the finite
elements model and that obtained from the derived equation (Equation (29)). Figure 5 shows the
identified crack flexibility parameter u at different crack depth and locations. The results shown
in Fig. 5 can be used with very good accuracy to a crack width b, up to 5 mm.

In this finite elements model, the magnitude of the applied voltage on the piezoelectric patch is
manipulated manually till the slope of the cracked beam becomes same as to that of the healthy
beam.

5. RESULTS AND DISCUSSION

The proposed analytical model and the built finite element model were used to find the
deflection profiles at different crack locations as shown in Fig. 6. Both models give almost the
same deflection profiles. This is expected because the crack flexibility parameter u used in the
analytical model is identified from the finite elements model. Thus, the assumed relationship
given in Equation (10c) is accurate and can be used at different crack depths and locations.

The patches shown in Table 2 are designed using the proposed analytical model: Equation (35),
Equation (37) and Equation (38). These patches are investigated using the derived analytical
solution and the built finite elements model whereas very good agreements between results were
obtained. It can be noticed in this table that increasing the factor of safety ay has no significant
effect on determining the patch length [, or the applied voltage V. Furthermore, the decreasing
of ay, cause to decrease the applied voltage V,, but this decreasing causes increasing in the
required patch length L,.

The deflection profile of the repaired beam is almost the same when any of the designed patches
shown in Table 2 is used. This because of that the effect of the piezoelectric patch is adjusted by
changing the patch thickness t,, and length [, with the applied voltage V, all together as shown
in Table 2. Therefore, Fig. 7 includes only one curve representing the deflection profile of the
repaired beam. This figure shows the deflection of the healthy beam and that of the repaired
beam. It is clear that the designed piezoelectric patch repairs the beam effectively and causes a
reduction of 6% in the maximum beam deflection.

Equation (35) stats that for certain beam dimensions and load condition, the piezoelectric patch
thickness t,, depends on two parameters: the factor of safety ar and the crack location [.. Figure
8 shows the effect of these parameters on the patch thickness t,. This figure indicates two
important things: increasing the factor of safety ar cause to increase the patch thickness t,, and
increasing the crack location [, requires using a thicker patch.

It can be deduced from Equation (37) that for certain beam dimensions and load condition, the
applied voltage V, depends on the voltage factor ay,, crack location [, and patch thickness t,,.
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Increasing the voltage factor a;, and crack location [, will increase the required applied voltage
Va2, While increasing the patch thickness t,, will decrease the required applied voltage V.

Also for certain beam dimensions and load condition, Equation (38) shows that the length of the
piezoelectric patch depends on four parameters: the voltage factor ay,, the crack location [., the
crack flexibility parameter u and piezoelectric patch thickness t,,. Actually, the crack flexibility
parameter u depends on the crack depth t. and location [, as shown in Fig. 5, while the
piezoelectric patch thickness t,, depends on the factor of safety ay and the crack location [, as
shown in Fig. 8.

Figure 9 shows the variation of the length of the piezoelectric patch [, with the factor of safety
ap at different crack locations [.. This figure indicates that increasing the factor of safety aj
causes to reduce the required length of the piezoelectric patch ,. Also, it indicates that the patch
length 1, is decreased when the crack location . is increased. This because of that the increasing
in the crack location [, is already encountered by increasing the patch thickness ¢, as shown in
Fig. 8.

Figure 10 shows the variation of the length of the piezoelectric patch [,, with the voltage factor
ay at different crack locations [.. This figure shows that increasing the voltage factor a;, reduces
the required length of the piezoelectric patch [,,. Also, it shows that crack location [, has no
significant effect at the patch length [, at large voltage factors ay.

Figure 11 shows the variation of the length of the piezoelectric patch [,, with the voltage factor
ay at different factors of safety a. At this situation, it can be deduced that increasing the factors
of safety a has no advantage if the voltage factor ay, is large.

Figure 12 shows the variation of the length of the piezoelectric patch [, with the voltage factor
ay at different crack depths t.. In this figure, it is clear that increasing the crack depth ¢,
requires also increasing in the patch length L,,.

6. CONCULUSION

In this work, closed form solutions describing the deflection of a beam subjected to static load at
two cases are introduced. The first case for a beam contains a crack, while the second case for a
beam contains a crack and is repaired with a piezoelectric patch. Also, a novel model to design
the required piezoelectric patch is introduced. Thus, the following points are remarked from the
present work:

1. The factor of safety chosen by the patch designer is very important parameter which
plays great rule in determining the patch thickness and hence the amount of applied
voltage

2. The thickness of the piezoelectric patch is highly affected by the crack location whereas
they are proportionally related

3. The additional flexibility of the beam due to crack depends mainly on the crack
dimensions and location

4. The length of the piezoelectric patch depends on the thickness of the piezoelectric patch
and the crack dimensions
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NOMENCLATURES

b, Width of the crack

b, Width of the piezoelectric patch

c,tocy Constants of the equation described the cracked beam deflection

dz, Charge constant of the used piezoelectric material

E Maximum applied field of the piezoelectric patch

e31 Stress constant of the used piezoelectric material

F Applied static force

F, Force used to design the piezoelectric patch

J31 Voltage constant of the used piezoelectric material

I Moment of inertia of the beam

L, Moment of inertia of the piezoelectric patch

I; Total moment of inertia of the beam with the piezoelectric patch

k Ratio equal to Y1, /Y1,

Ly Length of the beam

l, Length at which the crack appears (simply is called crack location)

L, Half length of the piezoelectric patch

My (x) Total bending moment at x location

M, Bending moment induced by the piezoelectric patch

M, . Maximum induced moment by the piezoelectric patch to counter the
external load effect

r torg Constants of the equation described the repaired beam deflection

sk and sE,  Elastic compliances of the used piezoelectric material

ty Thickness of the beam

te Depth of the crack

ty Thickness of the piezoelectric patch

v, Applied voltage on the piezoelectric patch to achieve the beam repair
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Maximum applied voltage on the piezoelectric patch to achieve the beam

Amax
repair
Vy Applied voltage corresponds to the force F,
x and y Used plane
Yy Modulus of elasticity of the beam
Y, Modulus of elasticity of the piezoelectric patch
Ve Deflection of the cracked beam
Vh Deflection of the healthy beam
Y, Modulus of elasticity of the piezoelectric patch
Vr Deflection of the repaired beam
Y; Total Modulus of elasticity of the beam with the piezoelectric patch
ap Factor of safety
ay Voltage factor
0. Slope of the cracked beam
On Slope of the healthy beam
0, Slope of the repaired beam
U Crack flexibility parameter
Oy Stress in x direction
y y
X‘—I X
| -
/ !
Fy Fy
lb lb
(a) (b)
y 4
X
| e
\'4
F
2113
Ly

(c)
Figure 1. (a) Healthy cantilever beam, (b) Cantilever beam includes open type crack and (c)
cracked cantilever beam repaired with piezoelectric patch
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S S

Figure 2. Part of the beam shows shape and dimensions of the crack

Crack Location

Figure 3. Slope of the beam at the crack location

Fixed Support

Force

Figure 4. Implementation of the case study with finite element method
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Table 1. Specifications of the used piezoelectric patch

Property Magnitude Unites
d3q —120 x 10712 m/V
sk 11.3x 1072 m?/N
sE, -3.7x107'2  m?/N

E 394 V/mm

Table 2. Designed piezoelectric patches (based on the proposed model)

Designer Preferences | Calculated Patch Dimensions (mm)
Factor of  Voltage | Thickness Length Width Calculated Required
Safety ar  Factor ay, ty L, b, Voltage V, (V)

1 1 0.35 82.40 10 208.69

3 1 1.00 82.20 10 204.16

5 1 1.70 82.00 10 200.00

5 0.75 1.70 106.30 10 150.00

5 0.5 1.70 150.70 10 100.00
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Reducing Lost Circulation Problem by Using Rice Material
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ayadah62@yahoo.com wasan_sahar86@yahoo.com
ABSTRACT

Drilling fluid loss during drilling operation is undesirable, expensive and potentially
hazardous problem.

Nasiriyah oil field is one of the Iraqi oil field that suffer from lost circulation problem. It is
known that Dammam, um-Radoma, Tayarat, Shiranish and Hartha are the detecting layers of
loss circulation problem. Different type of loss circulation materials (LCMs) ranging from
granular, flakes and fibrous were used previously to treat this problem.

This study presents the application of rice as a lost circulation material that used to mitigate
and stop the loss problem when partial or total losses occurred.

The experimental work included preparing drilling fluid, which is selected to be water based
mud. Amount of loss for rock samples was measured where the percentage of losses of drilling
mud were 46.25% and 96.96% as well as the percentage of improvement in curing of lost
circulation were calculated after rice adding. Rice materials addition was done by tow stages: a)
Adding 24 Ib/bbl of fine rice and 1 Ib/bbl of course rice gave improvement in curing from
30.67% to 100%. b) Adding 24 Ib/bbl of fine rice and 6 Ib/bbl of course rice gave an
improvement in curing equal to 92.12%.

Keywords: lost circulation materials, drilling fluid, treatment, rice.
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1. INTRODUCTION

Routine practice to stop lost circulation is to add LCMs to the mud system to fill the fractures
and vugs created while drilling. Although using these materials decreases the loss rate, the
method is not consistent because materials are selected by trial and error. , Salehi, and Nygaard,
2011. Further, it is not clear to what extent loss rate can be decreased and how long
LCMs are stable and effective in the loss zone.

The complexity of diagnosing lost circulation arises for several reasons, including limited
knowledge of a loss mechanism when it occurs and of an appropriate strategy to mitigate it.
, Ghalambor et al., 2014.

1.1 Causes of Lost Circulation Zones
Lost circulation is widely classified into two major categories based on the cause of the loss:

, Toreifi, etal., 2014.
a) Natural losses occur in formations with natural permeability, usually fractures or voids.
b) Induced losses occur in an induced fracture, caused when hydraulic forces within the well
bore exceed the formation strength. The frequency and severity of natural and induced losses
vary around the world and are dependent on both the geology and the drilling conditions. <Baker
Hughes INTEQ., 1999.

1.1.1 Natural Losses
Natural losses can occur within three formation types:
a) Formations with conductive natural fractures or faults.
b) Losses into high matrix permeability formations (gravels and coarse sands).
c¢) Vugular or cavernous formations

1.1.2  Induced Losses

Induced losses result from the creation and extension of fractures by the drilling operation.
Induced fractures result when the equivalent circulation density (ECD) of the drilling fluid
exceeds the fracture gradient. This causes the formation to part, opening a fracture. Unlike
natural losses that first occur at the bit, induced fractures occur at the weakest exposed
formation. Induced fractures happen, when the ECD is increased, while weighing up, tripping,
drilling too fast, or as the result of a mud ring or other situation causing a temporary pressure
surge that breaks down a weak formation. The location of the fracture is often closer than the
hole bottom. This attribute of induced fractures complicates the identification of the loss zone
and the placement of materials designed to combat the problem. , Baker Hughes INTEQ., 1999.

1.2 Lost Circulation Severity
Loss circulation may be categorized based on the intensity and type of circulation loss
zone. Although no generally accepted standard exists to classify the problem in terms of
intensity, operators usually use the following terms to describe the severity of the fluid loss.

1.2.1 Seepage loss

Although some studies concluded that seepage loss may happen in any formation, Messenger,
1981. seepage loss mostly occurs in porous and permeable formations where a firm low
permeability mud cake cannot be formed. Under static conditions, seepage loss rate may vary
from in a range of 10 to 20 bbl/hr and under dynamic conditions, less than 10% of the fluid may
be lost. , Sweatman, et al., 1997. Some studies have limited seepage loss to less than 10 bbl of
fluid loss per hour. , Cowan, et al., 1991. Others have defined the upper limits of 25 bbl/hr and
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10 bbl/hr for the seepage loss when drilling with WBM and OBM, respectively. , Nasirov S.,
2005.

1.2.2 Partial loss

Partial loss of fluids happens in unconsolidated sands and loose gravels as well as zones
containing one or more small natural or induced fractures. , Baker Hughes INTEQ., 1999.
Some studies concluded that partial losses rarely occur in induced fractures. [Robert, 2007] The
loss rate of 20 to 50 bbl/hr in static conditions and 20% to 50% of the drilling fluid in dynamic
mode happens during a partial loss of fluids. In another study, ranges of 25 to 100 barrels per
hour and 10 to 30 bbl/hr have been presented as the partial loss range for WBM and OBM,
respectively.
, Nasirov, 2005. In another classification, all fluid losses in a rate between 10 bbl/hr and 25
bbl/hr have been categorized as partial circulation losses. , lvan, 2003.

1.2.3 Severe losses

Severe lost circulations happen in long sections of unconsolidated sands and larger fractures.
Fluid is lost at a rate of 50 to 150 bbl/hr and 50% to 100% in static and dynamic conditions,
respectively during severe lost circulation. In some studies, severe losses have been defined as
loss rates of fluid loss higher than 500 bbl/day. Severe losses have also been described as
conditions in which more than 30 barrels of oil-based muds or 100 bbl of WBMs are lost per
hour, Nasirov, 2005. and in another work , lIvan, 2003. all circulation losses over 25 bbl/hr have
been classified as severe losses.

1.2.4 Total losses

Total fluid loss, however, occurs when all the mud flows into a formation with no return to
surface. Unless the fracture is induced, losses normally cannot be stopped by pumping
conventional LCM pills. The alternative reinforcing plug or cement. However, a pill of LCM
often is the first choice since, if successful, it delivers a quick response and it's easy to apply. If
this pill does not heal the fracture, a reinforcing plug or cement should be set across the loss
zone. , Bp Lost Circulation Manual, 1995.

2. PRESENT WORK

The present work is about the use of rice as LCM to plug core samples that have large natural
fractures. Table 1 summarize the core samples specifications. Tests were performed in closed
loop circulating system Fig. 1 which was designed and built for this purpose. It has four main
components: a circulating system, a mud loss collector, a pressure measurement system and a
dynamic mud cell.
A detailed description of the used system showed in Fig. 2, which give a schematic diagram of
different components.

3. METHODOLOGY OF THE EXPERIMENTS PERFORMED

The tank was used for draining the fluid. The tank was filled with 100 liters of mud. A Gear
pump (flow rate =12 m®hr., Hp = 7.5, Pressure =110 psi) was used to circulate the mud from the
mud tank at 100 psi, across the face of the core that is held in the dynamic mud loss cell. The
pump rate was adjusted to maintain a flow velocity across the face of the core of 0.22 m/sec, the
circulating temperature was maintained at 56°C (reservoir temperature). The volume of mud
loss was collected in a cylinder to compute the cumulative volume of the mud loss with time.
The pressure across the sample and the drilling mud was recorded using a pressure gauge. The
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dynamic mud loss cell was consisted of a core holder similar to standard Haussler core holder
where the core was placed inside a rubber sleeve and the two sealed together by means of
overburden pressure applied by hydraulic hand pump. A thermal jacket was used to surround the
Haussler cell to provide and maintain the desired temperature.

The experiments were carried out as follows:

1- The core sample was sited in Haussler Cell and the pressure of cell (500) Psi was applied
around the rubber sleeve to prevent any fluid by-pass.

3- The Haussler core holder was connected with thermal jacket to raise the temperature to
reservoir formation temperature (56C°).

4- The prepared drilling mud was then circulated across the face of the core. The out flowing
mud loss was collected in a fraction sampler.

5- The volume of mud loss was measured with time.

6- Repeat the tests by adding different concentrations of Rice to the drilling fluid.

7- These steps were repeated for each core sample and for each fluid type.

The composition of the mud systems that were used are presented in Table 2 and their
properties presented in Table 3.

4. RESULTS AND DISCUSSION

Tables 4 and 5 and Fig. 3 to 6, illustrate that adding of 15 Ib/bbl of fine rice to the base mud
gave a reduction in loss percentages from 96.96% to 80.03% and from 46.25% to 26.26%, which
means an improvement in curing percentages from 17.46%-43.23%. Adding 24 Ib/bbl of fine
rice and 1 Ib/bbl of coarse rice together gave a reduction in loss percentage from 96.96% to
67.22.% and from 46.25% to 0%, which means an improvement in curing equals to 30.67% to
100%. Finally, adding 24 Ib/bbl of fine rice and 6 Ib/bbl coarse rice together gave a reduction in
loss percentages from 96.96% to 7.64%, which means an improvement in curing equals to 92.12
% when loss was stopped and sealing was achieved after 3.6 minutes only. Fig. 7 and 8 illustrate
the core samples (represent partial (46.25%) and complete(96.96%) losses) before and after
treatment.

1. CONCLUSIONS AND RECOMMENDATIONS

. The size of the treated material is very important, for example adding (24) Ib/bbl of fine rice
with (1) Ib/bbl of coarse rice together gave an effect (30.67%), while adding (24) Ib/bbl of fine
rice with adding (6) Ib/bbl of coarse rice gave 92.12% effective when the amount of the loss is
96.96%. that mean (5) Ib/bbl of coarse rice gave change in improvement from 30.67% to
92.34%. Therefore, a mixture of coarse granular (of rice) material and a fine material (of rice)
can be considered as an optimum treatment to stop loss of drilling fluids.

. To achieve the complete treatment of lost circulation, the concentration of rice is preferably in
the range from about 50 percent to about 60 percent by weight of the total materials from drilling
mud can be considered.

. The results revealed a strong relationship between fluid loss and the sealing efficiency, i.e. lower
fluid loss gave higher sealing efficiency. For example, 1 Ib/bbl of course rice with 24 Ib/bbl of
fine rice gave an improvement in curing (30.76%) for (96.96%) losses while same quantity of
same material gave treatment (100 %) for (46.25%) losses.

For future studies its recommended to take the size, dimensions and specific gravity of rice and
PH of drilling mud which contains the treatment materials into consideration.
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. The factors of the mixing and mixture waiting time before treatment should be take an interest
for any similar study since the time factor have an important effect on changing the mixture
properties
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Nomenclatures

bbl/hr= barrel per hour

ECD= equivalent circulation density
FV=funnel viscosity

Ib/bbl= pound per barrel

LCMs= lost circulation materials
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OBM= oil based mud
PV=plastic viscosity
WBM= water based mud
YP=yield point

Figure 1. Closed loop circulating system.

1. Gear pump, 2. Flow meter, 3. Tank, 4.By pass line, 5. One-way valve, 6. Entrance length,

7.gauge pressure, 8.Core holder, 9. Thermal jacket, 10. Valve, 11. Hydraulic hand pump

Figure 2. Schematic diagram of flow system.
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Fig.8. core sample with complete losses (96.96%).

Table 1. Summarized specifications of cores

Core | Formation | Depth Lithology Diameter | Length | Permeability | Losses | Losses
No m in cm md rate% type
Limestone
1 625 Dolomite, bf- 413.4715 46.25 partial
light grey at
Dammam the top, bf, 1 2.5
2 506 beige porous 1104.85 96.96 | complete
vuggy.
Table 2. Composition of the used drilling muds with rice material in ppb of water
Fluid No. Bentonite Barite Soda Ash | Caustic soda F\(’II:C)e I?g:)e
| 25 25 0.75 0.5
M 25 25 0.75 0.5 15
N 25 25 0.75 0.5 24 1
@) 25 25 0.75 0.5 24 6
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Table 3. Physical Properties of Drilling muds.

Journal of Engineering

Fluid Density a a Pv Yb FV
No. (Ib/gal) 600 300 (cp) (Ib/100ft?) (sec)
| 9.16 36 24 12 12 44
M 9.19 46 35 11 24 57
N 9.26 52 36 16 20 69
O 9.40 95 75 20 55 88

Table 4. The test results of muds loss for partial loss (46.25%).

1
Mud type | Mud Loss % | Loss type Reduction in loss % Improvement percentage%
| 46.25 Partial 0 0
M 26.26 19.99 43.23
N 0 46.25 100

Table 5. The test results of muds loss for complete loss (96.96%).

2
Mud type | Mud Loss % | Loss type Reduction in loss % Improvement percentage%
| 96.96 Complete 0 0
M 80.03 16.93 17.46
N 67.22 29.73 30.67
6] 7.64 89.32 92.12
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Global Positioning System Receivers
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ABSTRACT

This study aims to assess the accuracy of digital elevation model (DEM) created with
utilization of handheld Global Positioning System (GPS) and comparing with Advanced
Spaceborne Thermal Emission and Reflection Radiometer Global Digital Elevation Model
(ASTER GDEM), version 2. It is known that the quality of the DEM is affected by both of
accuracy of elevation at each pixel (absolute accuracy) and accuracy of presented morphology
(relative accuracy). The University of Baghdad, Al Jadriya campus was selected as a study area
to create and analysis the resulting DEM. Additionally, Geographic Information System (GIS)
was used to visualize, analyses and interpolate GPS track points (elevation data) of the study
area. In this research, three additional DEMs were created using 60%, 30% and 15% of the all
GPS track points to deduce the effect of the number of the included points on the accuracy of the
resulting DEM. The study findings show a high resolution for the resulting DEM less than 5m
when taking into consideration all GPS tracking points that observed in this research. Moreover,
the resulting DEM has relative accuracy better than absolute accuracy and reaches to around 2m.
By comparing with ground control points (reference points), the quality of handheld GPS DEM
shows considerable improvement better than ASTER GDEM. Thus, this study indicates to
improve the accuracy level of handheld GPS DEM by about 40% with increasing the observed
number of GPS track points to twice.

Key words: digital elevation model (DEM), handheld GPS, DEM accuracy
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1. INTRODUCTION

Digital elevation models play an important part for several applications such as hydrologic
analysis, land use, landslide monitoring and others. Some of these applications require high
accuracy of DEM despite of the cost such as planning of dam area and drainage channel
networks. Where, high resolution DEM less than 30m does not freely available for most of the
world’s regions Srivastava and Mondal, 2012. Data of freely available DEM provide varied
ground parameters (e.g. Earth's relief, slope and aspect of terrain) to be utilized for 3
dimensional modeling and geospatial analysis. For example, the most common freely available
DEM are the Advanced Spaceborne. Thermal Emission and Reflection Radiometer Global
Digital Elevation Model (ASTER GDEM, 30m resolution) and the Shuttle Radar Topography
Mission (SRTM, 90m resolution). Additionally, several techniques were adopted for DEM
production with different level of accuracy such as traditional field survey, photogrammetry, and
laser scanning, Suganthi and Srinivasan, 2010. Where, traditional survey techniques such as
leveling surveys and total stations are utilized for DEM generation with high accuracy for civil
engineering project, however its cost comparing with other techniques, Farah, 2008. It is known
that a geodetic GPS receivers are used for positioning with centimeters/ millimeters level of
accuracy (depending on the length of baselines), while positioning accuracy of handheld GPS
receivers reach to about a few meters. By Wide Area Augmentation System (WAAS) enabled
the positioning accuracy of handheld GPS increases to about 3 meters based on WAAS
correction for broadcast signal, Fry, et al., 2015. Thus, the objectives of this research were to (1
assess the accuracy of DEM which created based on handheld GPS, (2 develop a high resolution
DEM (less than 5m) based on low cost GPS, (3 compare the resolution of freely available DEM
(ASTER GDEM) with the resulting DEM of this study.

2. DEM STRUCTURE AND INTERPOLATION TECHNIQUE

Digital Elevation Models (DEMs) represent data files that include the elevation of the earth’s
surface for a specified area. Digital elevation data are obtainable in variety formats that consist
of Digital Terrain Models (DTM), Digital Surface Models (DSM), and Triangulated Irregular
Network (TIN).The difference between a DTM and a DSM is that a DSM represents the ground
surface and includes all objects on it whereas a DTM represents the earth’s surface without any
objects like building and trees, De Sawal, 1996. DEM can be created based on two main sources
using interpolation method. The first is the traditional ground surveying (e.g. level, theodolite,
and GPS). While, remotely sensed surveying, e.g. satellite image and laser scan, is the second
source. After the data collection step, DEM generation needs to interpolation technique
(whatever the data collection size). This technique is applied for determining the unknown
values for certain locations based on the known values for another points (all points in DEM
generation area become known data), Carlisle, 2002. Geographic Information System (GIS) is a
tool widely used to visualize, manage, integrate, and analyze large quantities of spatial data.
There are several interpolation methods available in GIS such as inverse distance weighting
(IDW), ordinary kriging (KG), and spline with tension (ST). Most studies showed that kriging is
more superiority by comparing with the other methods, Erdogan, 2009; Svobodova, 2011; and
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Arun 2013. Thus, Kriging is a geo statistical interpolation which based on the spatial
distribution of data instead of real values.

3. STUDY AREA AND FIELDWORK DESCRIPTION

In this study, Baghdad University Campus and Al Nahrain University were selected as the study
area. The selected area located in the Iraqi, Baghdad, Al Jadriyah on geographic coordinates 33°
16' 20" to the North and 44° 22' 44" to the East (as shown in Fig. 1). The dimensions of the
observed region of this study area are approximately 0.8 km in the East-West direction and 1 km
in the North-South direction. Regarding this study, fieldwork was accomplished in two stages.
From 5 - 17 April 2015, handheld GPS units (2 Garmin eTrex units) as shown in Fig. 3-A, were
used to gather elevation of GPS track points (by rate three thousand points per day) for the DEM
creation of the interested area as the first stage. GPS track points, which amounted to over thirty-
seven thousand points, were distributed to cover all the selected area by arbitrary tracks as
shown in Fig. 2 (red points). In the fieldwork of the first stage, the two handheld GPS receivers
were set to receive the signal of Wide Area Augmentation System (WAAS). WAAS delivers
signal corrections to enhance point positioning accuracy of GPS receivers, Andreea, 2011; and
Donghai et al. 1998. For the period 18 - 28 April 2015, one hundred fifty two ground control
points, which shown as a yellow points in Fig. 2, were created in obvious and specified sites of
the study area, and represent the second stage of the fieldwork. Where, Differential Global
Positioning System (DGPS) technique using two GR5 receivers, shown in Fig. 3-B, was used to
observe these control points, which utilized for evaluating the accuracy of the resulting DEM.

4. DEM CREATION AND ACCURACY ASSESSMENT

In this study, spatial data for both of handheld receivers and geodetic receivers were used to
construct DEM and assess its accuracy. Spatial data of GPS was visualized, analyzed and
interpolated using Geographic Information System (GIS) Bussink, 2003 and Salih, and AL-
Tarif, 2012. Thus, the created DEM based on GPS track points was implemented through
several stages in GIS. Firstly, GPS points were reviewed and edited for filtering and removing
the blunders. This filtering was applied manually by comparing GPS points with data for both of
fieldwork and satellite image of the study area. In the second stage, initial DEM for the study
area was created based on interpolation method. This interpolation for GPS points was applied
using ordinary kriging, which deduces values for unobserved locations based on advanced
statistical method Svobodovd, and Tuéek, 2009 and Muhsin 2013. Re-filtering was performed
for the initial DEM in the third step. Thus, GPS points, which have elevation values significantly
different from the neighboring points, were edited to represent the real terrain as it appeared in
field data. Finally, interpolation of ordinary kriging was again achieved to obtain the final DEM
of the study area. Moreover, GPS ground control points were considered as reference points
(RP) to assess the accuracy for both of ASTER Global DEM (ASTER GDEM) and handheld
GPS DEM (HGPS DEM). The absolute accuracy of the resulting DEM can be computed using
the root mean square error (RMSE). The RMSE values were computed for the resulting DEMs
(ASTER GDEM and HGPS DEM) relative to the reference points DEM (RP DEM) as shown in
Eg. (1), Jenson and Domingue, 1988 and Wechsler and Kroll, 2006. .

RMSE = /@ )
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where Ei is the elevation of the interpolated DEM, Et is the reference elevation (RP DEM) , and
n is the number of RP. Furthermore, the relative accuracy of DEM also can be computed in
addition to the absolute accuracy. Where, the relative accuracy, which is elevation difference for
sample of point pairs, was calculated using the following equation, Bhakar, et al., 2010 and
Gu, et al., 2014:

Relative accuracy = |Difgp — Difpgum]| (2

where Difgp refers to the elevation difference between RP point pairs and Difpgy refers to the
elevation difference between the interpolated DEM point pairs. Additionally, accuracy
assessment of DEM is also based on the value of spatial resolution which can be determined by
the following spatial equation Chirico, et al., 2012:

Average spatial resolution = \/g 3

where D stands for the dimension of the study area, which used to create DEM, and N stands for
the number of observed GPS track points. Thus, the quality of a DEM is determined based on the
level for both of absolute accuracy and relative accuracy (accuracy of morphology presented).
Where, several factors significantly impact on quality of interpolated DEM, Sulebak, 2000;
Guo-an, et al., 2001 and Ashraf, et al., 2012:

Earth surface roughness,
collected data density,
resulted resolution,

and interpolation method.

5. RESULTS AND DISCUSSION

In this study, DEM with spatial resolution less than 5m were developed using handheld GPS
(low cost GPS) for the study area (Baghdad University) as shown in Fig. 4 (yellow grid). On the
other hand, the open source data (free available DEM) do not provide DEM at this resolution
such as ASTER GDEM, which has resolution equals to 30 m, as shown in Fig. 4 (red grid).
Thus, results of this study showed that DEM which created by handheld GPS has high resolution
and closer to the reference DEM (ground control points DEM) than open source DEM (ASTER
GDEM), see Fig. 5. It is worth to mentioning that accuracy of handheld GPS observations was
inhomogeneous due to constant changing in both of number and geometry of satellite that
observed by the limited scope of handheld GPS. Therefore, the procedure of filtering by GIS,
which applied in this study, plays an important factor to improve the accuracy of this resulting
DEM (HGPS DEM). Where, the yellow grid in Fig.4 represents the DEM production based on
the collected GPS track points (up to 37000 points) which input to GIS tool as individual
shapefile. Thus, the points of this shapefile were interpolated after applying the visualizing and
the filtering procedures to get high resolution DEM for the specific region. Moreover, the red
grid (Fig.4) refers to ASTER GDEM qgrid which freely uploaded from internet and input to GIS
with another shapefile. Meanwhile, ASTER GDEM showed lower resolution than HGPS DEM
by over 6 times. Moreover, the significant variation between the reference DEM and ASTER
GDEM can be noted in Fig.5. In contrary, this Figure shows magnitude similarity between DEM

140



Number 6 Volume 22 June 2016 Journal of Engineering

of handheld GPS and DEM of reference points in terms of values of elevation and their
distribution pattern in the study area. Additionally, the diagram for both of elevations and
difference elevations, which were obtained from DEMS (RP DEM, HGPS DEM and ASTER
GDEM), were presented in Fig. 6. Regarding the outcome of this study, the root mean square
error, which refers to absolute accuracy, for the HGPS DEM is 3.07 m. Where, the ASTER
GDEM has root mean square error more than HGPS DEM by over 5 times as shown in Table 1,
which also presented the values of minimum and maximum difference elevation. In this study,
the relationship between the number of GPS track points and the accuracy of resulted DEM was
deduced. Where, all GPS track points (up to 37000 points) were reduced to three groups by 60%,
30% and 15% to create three additional DEMSs. Thus, accuracy assessment values for the 4
DEMs, which created from either all points or reduced points, were computed depending on
each of absolute accuracy, relative accuracy and spatial resolution (shown in Table 2). In Table
2, it can be noted that the relative accuracy value was significantly lower for all the DEMs than
the absolute accuracy. Where, the interest of the relative accuracy is represented by obtaining
earth surface parameters such as aspect and slope that depend on differences between elevation
points. Regarding Table 2, it is noticeable an increase values for each of relative accuracy,
absolute accuracy and spatial resolution by reducing the number of GPS track points. For
example, DEM for a 50% reduction results in a 2 m increase in spatial resolution. Thus, the
number of the observed GPS track points can be determined based on a required spatial
resolution and project budget (time and availability of personnel).

6. CONCLUSION

Results of this study showed the ability to generate high resolution DEM, which reached to
about 4 m, using low cost GPS that associated with GIS analysis (filtering and interpolation
technique) based on the satellite image of the study area and ancillary field data. Additionally,
created DEMs using this technique have more certainty for relative elevation accuracy than
absolute elevation accuracy. Thus, this procedure provides considerable utility for obtaining
earth parameters that rely on elevation difference of points such as earth surface relief, terrain
depth, and determination of cut/fill volume. Moreover, ASTER GDEM (freely available DEM)
showed lower accuracy than handheld GPS DEM by about 5 times. This study suggests that the
quality of the resulting DEM can be improved by increasing the observed number of GPS track
points, which determined depending on the required accuracy and the budget of the project.
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HGPS DEM 3.05

0.20

3.07

ASTER GDEM 17.17

1.3

16.11

Table2. Accuracy results for the 4 interpolated DEMs based on the number of GPS track points.

HGPS DEMs GPS Spatial Absolute Relative
points resolution accuracy accuracy
(m) (RMSE,m)

HGPS DEM 37875 4.5 3.0 2.1
HGPS DEM (50%) 18938 6.5 4.0 3.2
HGPS DEM (30%) 11362 8.4 4.8 3.7
HGPS DEM (15%) 5681 11.9 52 4.3
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Figure 1. Study area, Baghdad and Al Nahrain Campus University.
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Figure 2. The distribution of points which included both of control points and GPS track points.

Figure 3.The distribution of points which included both of control points and GPS track points.
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Figure 5. Created DEM using each of handheld GPS, ground control points and Aster GDEM.
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Figure 6. Comparison of elevation and difference elevation for the resulting DEMs.
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