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ABSTRACT

The road transportation system is considered as major component of the infrastructure in any
country, it affects the developments in economy and social activities. The Asphalt Concrete which
is considered as the major pavement material for the road transportation system in Baghdad is
subjected to continuous deterioration with time due to traffic loading and environmental conditions,
it was felt that implementing a comprehensive pavement maintenance management system
(PMMS), which should be capable for preserving the functional and structural conditions of
pavement layers, is essential.

This work presents the development of PMMS with Visual inspection technique for evaluating the
Asphalt Concrete pavement surface condition; common types of Asphalt Concrete distress
including (bleeding of Asphalt, patching, block cracking, edge cracking, longitudinal and transverse
cracking, rutting, pot holes, longitudinal and transverse deformation) with their various severity and
intensity conditions have been included in the system as data base. The surface of the pavement was
divided into sections, and the pavement condition is visually evaluated by the raters using specially
designed forms, each type of defect was measured, classified, and rated according to type, severity,
and extent. Data will be fed to the system using the computer, various types of intensity and
severity of distress were analyzed by the system, the present condition rating (PCR) of the
pavement section is determined, and the system suggests the required maintenance action. The
developed system which is assigned (PMMS-09) was verified in evaluating the pavement surface
condition at AL-Jaderiah campus roadway network. The results indicated that the system is sound
in evaluation of the pavement condition and in suggestion of the proper maintenance to reserve the
pavement condition.

Keywords: asphalt concrete, condition, maintenance, pavement.
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Development of Pavement Maintenance Management
System for Baghdad Urban Roadway Network
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1. INTRODUCTION

Pavement maintenance management systems are
designed to  manage  maintenance  and
rehabilitation activities to optimize pavement
condition with available funds. The use of
(PMMS) is becoming increasingly more prevalent
due to benefits achieved. It considers current and
future pavement condition, priorities, funding, and
can reduce pavement deterioration, this helps
maintain pavement structural capacity, and may
extend pavement life by slowing or limiting future
pavement degradation. Pavement condition can be
guantified by the pavement condition rating
(PCR) which rates the pavement according to the
extent and severity of distress types present
(cracking, raveling. bleeding, shoving ...etc).
(PCR) ranges from 100 to zero (best to worst). A
major goal of (PMMS) is to keep pavement
condition in the upper (PCR) range of (60-90) by
limiting surface structural degradation to keep
down rehabilitation cost.

1.1 The Study Area

The road network at AL-Jaderiah campus was
constructed and opened to traffic at 1980. It
consists of 25cm of compacted sub grade with
CBR value >5%, 40 cm of sub base type B with
CBR value >35%, 10cm of Asphalt stabilized
base course, 7cm of binder course and 6¢cm of
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surface course. The network was subjected to
resurfacing with 6cm resurfacing course during
the year 2000. Fig. 1 shows the roadway sections
at Al-Jaderiah campus, Sarsam (2008).

2. SECTION LENGTH AND AREA
CALCULATION

The actual length of each test section in meters

(ACT Length) is calculated by the system using
the following equation:

ACT Length = End station — Beginning station.
1)

Next, three areas are calculated, the pavement
section area (PAV), the wheel path area (WP), and
the non-wheel path area (NWP) using the formula
below:

PAV area = ACT Length * lane width (3.5m)
)

WP area = ACT Length * 50% of lane width
(1.75m) (3)

NWP area = PAV area - W Parea
4

Plate 1 shows the roadway identification and the
section information.
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3. ASSESSING PAVEMENT SURFACE
CONDITION

The first step in the procedure starts when the
whole Pavement surface was divided into sections
of 100 meter length, then it involves identification
of both type and severity of the pavement
distresses present in the study area of the road
sections by establishing the existing pavement
condition using the visual walk through survey.
Graphic plots of various types of pavement
surface distress of each pavement section were
obtained from Sarsam,2008 and shown in Plate 2.
This procedure was performed with the use of the
South Dakota DOT Manual, 1997, Miller &
Bellinger Manual,2003, WSDOT Manual, 2007,
and Mcghee, 2002, Sarsam and Talal,2009 which
contains definitions and information concerning
pavement distresses.

Table 1 illustrates various types of distress fed to
the data base of the software, and the distress
types identified at AL-Jaderiah campus.

In the second step, each of the various types of
Pavement distresses was identified and measured
(i.e. units of linear meter or square meters). In
addition, for each distress, a level of severity was
determined [low (L), Medium (M), High (H)].
The distresses data were to the Inspection Sheet
shown in Plate 3, of the system. Once the visual
assessment of the road area was complete,
calculations were performed by the system using
the data collected in the field, through these
calculations, a pavement condition rating (PCR)
for the road network was determined.

3.1 Assessment Calculations:

Using the data obtained through the assessment
procedure shown in Platel, the following
calculations were performed by the system to
determine the pavement condition rating (PCR)
for the road network. For each of the different
types and severity of distresses, a distress density
(extent) was calculated by the system. The
following are the formulas Egs. 5 through 7 that
were fed and used to calculate the distress
densities:
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Density = ( Distress amount in square meters /
Unit area in square meters) x 100% 5)

Density = ( Distress amount in linear meter / Unit
length in linear meter) x100% (6)

Density = ( Number of potholes, patches / Unit
area in square meters) x100% @)

3.2 Distress Severity Assessment

The most common form used for the
knowledge representation of the system is
(IF-THEN) rule; such forms are fed to the
system as described below.

3.3 Block Cracking

IF crack mean width < 6mm,
THEN severity is low.

IF crack mean width > 6mm and < 19mm,
THEN severity is moderate.

IF crack mean width > 19mm,
THEN severity is high.

Record square meters of affected area at each
severity level.

3.4  Longitudinal,
Transverse Cracking

Reflection, and

IF crack mean width < 6mm,
THEN severity is low.

IF crack mean width > 6mm and < 19mm,
THEN severity is moderate.

IF crack mean width > 19mm,
THEN severity is high.

Record the length in meter at each severity level
for longitudinal cracks, and the length and number
of reflection or transverse cracks at each severity
level.

3.5 Potholes

IF pothole depth < 25mm,
THEN severity is low.
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IF pothole depth > 25mm and < 50mm,
THEN severity is moderate.

IF pothole depth > 50mm,
THEN severity is high.

Record number of potholes and square meters of
affected area at each severity level.

3.6 Rutting, Bleeding, Raveling, Polished
Aggregate and Shoving

Record maximum rut depth in millimeters, and
number of occurrences and square meters of
affected area, severity level is not applicable.

3.7 Fatigue Cracking (in the wheel path)

IF an area of cracks with few fine parallel cracks
connected, THEN severity is low.

IF interconnected cracks forming alligator pattern,
THEN severity is moderate

IF interconnected cracks forming alligator pattern
with sapling and distortion, THEN severity is
high

Record square meters of affected area at each
severity level.

3.8 Patching

IF  patch shows no visual distress,
THEN severity is low.

IF patch shows medium distress with notable
roughness, THEN severity is moderate.

IF patch shows high distress with distinct
roughness, THEN severity is high.

Record number of patches and square meters of
affected area at each severity level.

3.9 Edge Cracking (area within 0.6m of the
pavement edge)

IF cracks are light with no breakup or loss of
material, THEN severity is low.

IF cracks are well defined with some breakup and
loss of material, THEN severity is moderate.

IF cracks are well developed with significant
breakup and loss of material, THEN severity is
high.

Development of Pavement Maintenance Management
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3.10 Distress Extent Assessment
3.11 Transverse Cracking

IF crack spacing > 15 m, THEN
extent is low.

IF crack spacing > 7.5 m and < 15 m, THEN
extent is moderate.

IF crack spacing < 7.5 m, THEN
extent is high.

3.12 Fatigue Cracking

IF crack is 1% to 9% of wheel path, THEN
extent is low.

IF crack is 10% to 24% of wheel path, THEN
extent is moderate.

IF crack is 25% to 49% of wheel path, THEN
extent is high.

3.13 Patching

IF patching is 1% to 9% of section, THEN
extent is low.

IF patching is 10% to 24% of section, THEN
extent is moderate.

IF patching is 25% to 49% of section, THEN
extent is high.

3.14 Block Cracking

IF cracking is 1% to 9% of section, THEN
extent is low.

IF cracking is 10% to 49% of section, THEN
extent is moderate.

IF cracking is > 49% of section, THEN
extent is high.

The values for the densities (extent) were
recorded. Next, using the calculated densities and
the severity (i.e. L, M, or H) a deduct value for
each distress type was determined. The deduct
values were determined through the use of the
"Deduct Value Curves" for each of the various
distress types identified. The curves are part of the
U.S. Army Corps of Engineers Technical Report
TR97/104. The mathematical models for each
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distress type curve were fed to the system. The
deduct values for all the distresses were then
summed to produce a "Deduct Total" using the
mathematical equation below.

16

Deduct total DT =) Deduct (patching) +Deduct

D=1

(cracking) +Deduct (bleeding) (8)

Given the "Deduct Total" and a value for the
number of deducts greater than 5 points. Equation
8 will be used by the system to determine a
"Corrected Deduct Value" or (CDV). Finally, the
pavement condition rating (PCR) was calculated
using the following equation:

PCR=100-CDV 9)

Plate 4 illustrates the final calculations for the
physical condition of the pavement by the
software.

3.15 Pavement Surface Condition Rating

Given the value of the PCR for the road section, a
pavement condition rating was determined using
the most common form used for the knowledge
representation of the system (IF-THEN) rule, and
the information and limitations illustrated in the
distress identification manuals previously referred
to as below:

IFPCR>0 and<40, THEN PCR= Very poor
IF PCR >40 and <55, THEN PCR= Poor

IF PCR >55 and <65, THEN PCR= Fair to
poor

IF PCR >65 and <75, THEN PCR= Fair

IF PCR >75 and <90, THEN PCR= Good

IF PCR >90 and <100, THEN PCR= Very good

4. PAVEMENT MAINTENANCE
TREATMENTS DECISION

The selection of the right maintenance strategy at
the right time will be influenced by the type,
severity, and extent of the pavement surface
distresses and the structural and roughness
condition of the pavement. Choosing the right
treatment also depends on the extent or frequency
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that the distress occurs. Some of the treatments
may be most applicable when very little distress is
present. For each distress, a number of possible
maintenance treatments exist. The maintenance
treatment strategies were obtained from Pavement
maintenance manuals (NDOT-2004; OhioDOT-
1999; SHRP-1993), and fed to the system.

4.1 System Logic

Based on the work done by Misra and Rohanirad,
2003, Fred, 1997, Sarsam, 2008, The system
describes what to do in particular distress
circumstances. There are six major treatments
decisions which should be taken into
consideration as illustrated below:

1. Do Nothing

2. Crack filling and sealing

3. Patching

4. Milling

5. Thin hot mix overlay application

6. Shoulder maintenance

Each type of pavement distress will lead the
system to consider more than one treatment
alternatives depending on distress severity, extent
and the required extension in Pavement life as
follows:

IF Alligator cracking exists, THEN select 1, 3,5
IF Distortion exists, THEN select 1, 2, 3,5

IF Edge cracking exists, THEN select 1, 2, 6

IF Rutting exists, THEN select 1, 4, 5

IF Longitudinal cracking, THEN select 1, 2, 3

IF Bleeding exists, THEN select 1, 4,5

IF Block cracking exists, THEN select 1, 2, 5

IF Raveling or weathering exists THEN select 1, 5
IF Transverse cracking, THEN select 1, 2, 3, 4

IF Coarse texture THEN select 1, 4,5

It must be emphasized that such treatments could
be applied and may be effective in treating the
distress, and increasing the expected life of the
pavement. The Do Nothing strategy may be the
most appropriate under certain circumstances.
Plate 2 illustrates typical output of the system.

Plate 5 demonstrates the software output, the
software decided the maintenance alternative, and
calculate the cost of maintenance of the section by
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multiplying the unite cost of the selected
alternative by the area of the defected section. The
unite cost data must be upgraded periodically.

4.2 Software Environments

Microsoft ACCESS 2003 (which was selected for
the development of PMMS for Baghdad urban
roadway network) employs three programming
languages to enable user to add fine — tuning to an
application. The Structured Query Language
(SQL) is the language access used behind the
scenes in queries that can extract, manipulate and
relate data from one or more tables. Macros
consist of list of actions that execute in response
to an event such a button click or data in a form
changes. The developed system processes in four
steps, the first step involves field data collection
and tabulation while the second step involves
creating the table definitions and key field
requirements, and data validation rule, define
tables linked to look up. Finally data were added
to tables to be able to test application thoroughly.
The third step is the data entry form, the fields in
the form carefully arranged in logical order and
with meaning full label to help prevent entry
errors. The fourth step considers macros and event
procedure , function were added to the form
design that it would be perform appropriately to
user action as shown in plate 6.

5. ANALYSIS AND DISCUSSION OF
VISUAL ASSESSMENT OF PAVEMENT
SURFACE CONDITION

The original raw data that was collected in the
field and the results of the calculation described in
the previous section are included in Plates 2 and 5
which is a summary of the data and results. As
shown, there were different types of distresses
identified during the inspection of the
representative area. The levels of severity for the
distresses identified ranged from low severity (L)
to high severity (H). The total amount of “deduct”
and the corrected deduct value “CDV” was
calculated by the system and illustrated in Plate 4.
The pavement condition rating (PCR) was
determined to be in the range of (99-45) % which

Development of Pavement Maintenance Management
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results in a rating of "poor to very good" for the
road sections based on the rating index provided.

6. CONCLUSIONS AND
RECOMMENDATIONS

This paper has produced a methodology that can
use the visual data obtained in the field and
perform analysis of distress using an expert
system. The developed system was tested in a
small project that include most of distress types, it
could provide a better environment to assess and
analyze data about the condition and maintenance
of Asphalt concrete pavement, it combines
detailed inventory and evaluation procedures with
analytical software routines. It is simple to
perform, use less expensive techniques and
individuals to subjectively rate Asphalt pavement
sections based on observed distress, provides job
opportunities for Engineers and technicians.
Based on the information obtained during this
evaluation, it is recommended to consider using
the software, and it should be tested in bigger
project to evaluate whether it will be labor
intensive.
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Figure 1. Sections of road network at AL-Jaderiah campus, Sarsam, 2008.

Table 1. Distress types included in the software,Sarsam and Talal, 2009.

Distress types included

Distress types observed at AL Jaderiah
campus road network

1- Cracking

Fatigue cracking

Block cracking

Pavement edge cracking

Transverse cracking

Reflection cracking

Longitudinal wheel path cracking
Longitudinal non-wheel path cracking

Block cracking

Pavement edge cracking

Transverse cracking

Longitudinal wheel path cracking
Longitudinal non-wheel path cracking

2- Surface deformation, Rutting, Shoving

Rutting

3- Patching and potholes

Patch, Pothole

4- Surface defect
Bleeding, Lane to shoulder drop off, Polished
aggregate, Raveling and Coarse Macro-texture

Bleeding
Coarse Macro-texture

Journal of Engineering
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Plate 2. Plots showing pavement surface condition at AL-Jaderiah campus, Sarsam, 2008.
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ABSTRACT:

ANN modeling is used here to predict missing monthly precipitation data in one station of
the eight weather stations network in Sulaimani Governorate. Eight models were developed, one for
each station as for prediction. The accuracy of prediction obtain is excellent with correlation
coefficients between the predicted and the measured values of monthly precipitation ranged from
(90% to 97.2%). The eight ANN models are found after many trials for each station and those with
the highest correlation coefficient were selected. All the ANN models are found to have a
hyperbolic tangent and identity activation functions for the hidden and output layers respectively,
with learning rate of (0.4) and momentum term of (0.9), but with different data set sub-division into
training, testing and holdout data sub-sets, and different number of hidden nodes in the hidden layer.
It is found that it is not necessary that the nearest station to the station under prediction has the
highest effect; this may be attributed to the high differences in elevation between the stations. It can
also found that the variance is not necessary has effect on the correlation coefficient obtained.

Keywords: ANN models, monthly precipitation data, weather station networks, prediction, spatial
distribution of precipitation.
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1. INTRODUCTION:

Prediction of precipitation is essential in
most of the hydrological studies and water
resources systems design, construction and
operation. Weather stations that cover a relatively
large area are distributed spatially to reflect the
aerial distribution of hydrological variables such as
precipitation. When the number of weather stations
is large; sometimes measurements in one or more of
the stations are not available and need to be
accurately predicted. Prediction of those missing
values could be done by one of the available
approximate method in hydrological science, such
as arithmetic mean method, isohyetal method and
thiessen method. However all of these methods are
approximate. For more accurate prediction of the
missing values in one or more locations of the
weather station network, the ANN modeling is
expected to produce these more accurate
precipitation values.

Belayneh and Adamoski, 2012, had
modeled the standard precipitation index in Awash
River basin of Ethiopia using three data driven
models. Their study compares the effectiveness of
these three data driven models, artificial neural
networks (ANNS), support vector regression (SVR),
and wavelet neural network (WN). These models
were compared using Root Mean Square Error
RMSE, Mean Absolute Error MAE and
Determination Coefficient R%. The results indicate
that the coupled wavelet neural network (WN)
model had produced the best results; however the
ANN model had also performed well.

Luk et al., 2000, had used ANN modeling
to model rainfall temporal and spatial distribution.
Different lags and different numbers of spatial
inputs were used to produce different ANNS
models. These models were developed for the upper
Parramatta River catchment located in western
suburbs of Sydney, Australia. The normalized mean
square error (NMSE) was chosen as the
performance indicator. One important conclusion
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Obtained from this study is that the best performed
network was lag-1 network with input from the
eight nearest neighboring gauge stations.

Bustami et al., 2007, had used ANN
models to predict missing readings of precipitation
and water levels in the Bedup river catchment in the
state of Sarawak, Malaysia. Back propagation ANN
model was used for this purpose. The obtained
accuracy of prediction of precipitation and water
level in this basin are 96.4% and 85.3%
respectively. Those results show that ANN is an
effective tool in prediction of missing precipitation
readings and water levels data.

El-Shafie et al., 2011, had developed a two
rainfall prediction models for rainfall in Alexandria,
Egypt. These models are ANN model and Multiple
Linear Regression MLR model. The rainfall
prediction was developed for annual and monthly
basis. Comparison of results obtained by the two
models was conducted using Root Mean Square
Error  RMSE, Mean Absolute Error MAE,
Coefficient of Correlation R and BIAS. The Feed
Forward Neural Network FFNN model has shown
better results than the Multiple Linear Regression
MLR model. The non-linear ANN mapping tool
was found more suitable for rain prediction than the
linear nature of MLR model. They concluded that
more detailed studies are necessary due to
uncertainties inherent in weather forecasting and
efforts should be addressed to the problem of
quantifying them in the ANN models.

Luk et al.,, 1999, had applied the ANN
models to forecast spatial distribution of rainfall for
urban catchment area. Three alternative types of
ANN models were used with different multilayer
feed forward neural networks. These models were
found to provide reasonable prediction of spatial
rainfall. They found also that all of the three types
of networks had comparable performance.

Dozier, 2012, had investigated the influence of
spatial variation in precipitation on artificial neural
network rainfall — runoff modeling. An Elman-type
recurrent ANN was trained to simulate observed
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stream flow for Fountain Creek at Pueblo, CO,
using varying amount of spatial precipitation
information. They found that spatial variability in
precipitation data allows the ANN to achieve better
performance.

There have been a number of reported
studies that have used ANN to solve problems in
hydrology. For example, French et al., 1992, used
an ANN model to forecast rainfall for a catchment
with artificial rainfall inputs, while Hsu et al., 1995
applied an ANN to model the rainfall-runoff
process. ANNSs have found increasing use in diverse
disciplines ranging over perhaps all branches of
engineering and science ASCE 2000a, b; Maria et
al., 2005, cited in Hsu et al., 1995. Such methods
motivate the researchers to utilize in ANN modeling
several applications. For example, El-Shafie et al.
2010,a reported an application of utilizing Adaptive
Neuro-Fuzzy Inference System ANFIS for under
water tracking Global Positioning System (GPS)
sonobouy. In addition El-Shafie et al., 2010b,
introduced the Radial Basis Function Neural
Network (RBF-NN). ANN has also been used in
water resources engineering over the last decade.
These include flood forecasting Garcia 2002,
Wright and Dastorani, 2001, rainfall-runoff
modeling ,Tokar and Johnson, 1999, Sobri
Harun et al., 2002, Thurumalaiah and Deo, 2000,
streamflow prediction ,Dolling and Varas 2001,
Dastorani and Wright 2002, Wright et al., 2002,
water level prediction Patrick and Collins, 2002,
Huang et al., 2003.1brahim, 2012, had used ANN
models coupled with wavelet model to forecast the
monthly municipal water consumption of Kirkuk
city, Irag and Madison city, USA, he observed that
the use of such model had increased the correlation
coefficient from that obtained using SARIMA
model. Saoud, 2009, had used ANN model to
model spatial water quality parameters in AL-
Hammar marsh, lIrag. Al-Suhaili and Ghafour,
2012, had used ANN model to predict sodium
adsorption ratio for Tigris river in Amara city.

In this research an attempt is made for using the
ANN modeling to predict the monthly precipitation
in one or more weather stations from the real
measurements at the other stations. The case study
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adopted here is the monthly precipitation values in
Sulaimani Governorate weather stations network.
This network has eight weather stations distributed
over an approximate area of (17023 km? or 6572.96
mil’). Table 1 shows the names, Latitude,
Longitude and elevation of these stations. Figure 1
shows a Google map of the locations of these
stations. Table 2 shows the approximate distances
between those stations. The available records of the
monthly precipitation in these stations are for eight
years 2004-2011, moderate of Agro-meteorological
Center - General Directorate of Agricultural,
Ministry of Agriculture, KRG. Table 3 shows the
descriptive statistics of these records.

2. ANN MODEL DEVELOPMENT

As mentioned above the ANN modeling is
used to predict the monthly precipitation in any of
the eight stations in Sulaimani Governorate as
output variable using the monthly precipitations at
the other stations for the same month as input
variables.

ANN modeling techniques are well known
by now and proved its capability to model different
engineering problems. This modeling technique can
represent the non-liner relationship among the input
and output variables. It consists of a grouped
neurons or nodes in layers. The input layer neuron
represents the input variables, while the output layer
nodes represent the output variables. In between
these two layers there exist hidden layers with a
certain number of hidden nodes. The nodes between
the layers were interconnected by weights. The
input layer nodes receives the input values and
transmit it’s liner weighted combination with a bias
term to the hidden nodes, where it is processed with
a suitable activation function to produce an output
from each node in the hidden layer. These outputs
will combine using weights between the hidden
layer and the output layer which is received by the
output layer nodes, and processed by an activation
function to produce outputs. The process explained
above is called feed-foreword.

In ANN modeling the set of data require is of the
input variables and corresponding output variables.
In order to find weights of the model the network
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should be trained using a partial set of the data,
hence the original data set is to be divided to
training, testing and hold out sub-sets. The training
process is performed by using the training sub-set
and assuming weights. The input data is subject to a
feed-foreword process to produce output data using
the assumed initial weights. These output are
compared with the real output and errors are
estimated. These errors are used to adjust weights
using certain algorithm such as back propagation
(BP). Fig. 2 shows three-layer ANN architecture.

The ANN modeling is applied for each of the eight
weather station monthly precipitation prediction in
Sulaimani Governorate, using SPSS (version 19)
software. For each model many trials are adopted
for the division of the data set into training, testing
and holdout data subset. Also many trials are
adopted for the selection of the number of the
hidden nodes in the hidden layer. The trial that
exhibits the highest correlation coefficient between
the predicted and the measured monthly
precipitation is selected. Table 4 shows the final
results of the selected ANN models for the eight
weather stations at Sulaimani Governorate. For all
these ANN models the selected activation functions
for the hidden and the output layers are hyperbolic
tangent and the identity functions respectively with
a learning rate of 0.4 and a momentum factor of 0.9.

The selected models shown in table 4 above
are used to predict the monthly prediction values
and compare them with the real measured values.
Fig. 3 shows these comparisons which indicate the
capability of the models to predict the monthly
precipitation values with excellent accuracy, the
correlation coefficients shown in Table 4 indicates
this high accuracy of prediction ranging from (90%
to 97.2%).

Fig.4 shows the normalized importance
analysis of each variable (input variables) on the
output variable. Comparing Fig. 4 results with the
distances between the weather stations shown in
Table 2 indicates that it is not necessary that the
nearest station has the highest effect on the station
under prediction. This may be attributed to the fact
that the difference in elevation between these
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stations is high as shown in Table 1. Table 5 shows
the normalized importance analysis in descending
order with the distance and elevation of each related
stations.

3. CONCLUSIONS:

The following conclusions could be deduced
from this research.

The ANN model can provide a good

prediction models for predicting the
monthly precipitation values for eight
weather  stations in  the Sulaimani

Governorate with correlation coefficient
ranged (0.9 to 0.972).

Comparing Tables 3 and 4, it is found that
it is not necessary that the data set of the
highest variance produce the lowest
prediction correlation coefficient.

The network can utilized the hyperbolic
tangent and identity activation functions for
the hidden and output layers respectively,
with learning rate of 0.4 and momentum
term 0.9, to produce good prediction results
but with different data sub-set division, and
different number of hidden nodes in the
hidden layer.

The normalized importance analysis
indicates that it is not necessary that the
nearest station has the highest importance
on the value of precipitation of the station
under prediction. This may be attributed to
the effect of the high different in elevations
of the stations.

The equations developed can be used to
predict any missing precipitation value in
any of the eight stations with good
accuracy.
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Table 1. Names, latitude, longitude and elevation of selected weather stations.

SN Name of weather station Latitude Longitude El(z\r/T?;:gm
1 Sulaimani 35°33'20.56” N 45°27' 11.61" E 879.65 m
2 Dukan 35°57'07.15" N 44° 57 29.48" E 5145m
3 Darbandikhan 35°06' 27.75" N 45°41' 03.10" E 512m
4 Penjwin 35°37'03.71" N 45°57'13.12" E 1282.60 m
5 Chwarta 35°43' 00.89” N 45°34' 12.35" E 1153 m
6 Halabjah 35°10'57.95" N 45°58' 48.25" E 686.4 m
7 Bazian 35°36' 00.03" N 45°08' 13.13" E 819.3m
8 Chamchamal 35° 31’ 58.88" N 44° 50’ 02.66" E 708.96 m
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Figure 1. Google map of the locations of the selected weather stations at Sulaimani governorate.

Table 2. Approximate distances between selected weather stations of Sulaimani governorate in

(km)
Name of 5 c = = £ S c &
Weather % '5‘35 § f_—% E‘ s <_'§ g % g
Station 3 a g e S = o 5
Sulaimani 0 62.76 54.00 45.88 20.85 63.36 29.17 56.10
Dukan 62.76 0 11473 | 97.10 61.20 | 125.85 | 42.00 47.90
Darbandikhan | 54.00 | 114.73 0 61.40 68.68 28.36 73.98 90.57
Penjwin 45.88 97.10 61.40 0 36.53 48.22 7415 | 102.12
Chwarta 20.85 61.20 68.68 36.53 0 69.73 41.30 69.90
Halabjah 63.36 | 125.85 | 28.36 48.22 69.73 0 89.50 | 111.05
Bazian 29.17 42.00 73.98 74.15 41.30 89.50 0 28.41
Chamchamal 56.10 47.90 90.57 | 102.12 | 69.90 | 111.05 | 28.41 0
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Table 3. Descriptive statistics of the available monthly precipitation records of the weather stations
network in Sulaimani governorate, 2004-2011.

Nt @} Standard . . .
Weather Mean L Skewness Kurtosis Maximum | Minimum
-~ Deviation
Sulaimani 76 60.212 1.256 2.161 276 0
Dukan 70.2 63.280 1411 2.450 299 0
Darbandikhan 74.4 63.982 1.068 0.456 247 0.3
Penjwin 126 98.565 1.450 3.935 534 0
Chwarta 88.3 72.284 1.084 1.497 334 0.7
Halabjah 81 64.718 1.204 2.720 342 0
Bazian 715 68.227 1.475 2.555 323 0
Chamchamal 51.2 58.033 1.957 5.174 301 0
Input Layer Hidden Layer OQutput Layer

Input
Variables

Figure 2. A 3-layer ANN architecture used for Monthly precipitation prediction.

Table 4. ANN Models for different weather stations at Sulaimani governorate.

= =
Es5d S| 2| B |s88| s %E 23
£55% s | B | 2 |sgs|8s| E8 | £%
o = = = S8
Sulaimani 44 14 6 6 0.4 0.9 97.2%
Dukan 50 12 2 6 0.4 0.9 94.3%
Darbandikhan 49 13 2 8 0.4 0.9 90%
Penjwin 52 11 1 3 0.4 0.9 96.9%
Chwarta 56 2 8 0.4 0.9 95.1%
Halabjah 49 5 10 10 0.4 0.9 96.0%
Bazian 46 10 8 0.4 0.9 95.0%
Chamchamal 52 6 6 3 0.4 0.9 94.9%
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Figure 4. Continued (var0001:Sulaimani,
var0002:Dukan,var0003Darbandikan,var0004:
Penjwin,var0005:Chwarta,var0006:Halabjah,va

r0007:Bazian:var0008:Chamchamal).

weather stations in Sulaimani governorate. a)
Sulaimani, b) Dukan, c) Darbandikhan, d)
Penjwin, e) Chwarta, f) Halabjah, g) Bazian, h)
Chamchamal.
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Table 5. Normalized importance analysis in descending order with the distance and elevation of
each related stations.

— [
[5+] [+
fis c IS <= S
P Model Independent Importance s = 3 k= & = =
rediction Station E I3 2 = £ = 8
Station S & a @ 8 £ £
&) S
= 'mportancgr'ge‘rjesce”d'”g 100% | 61.8% | 58.4% | 41.2% | 34.4% | 27.2% | 26.8
© 5 c - - -
E £ .g | Distance from Sulaimani | 5005 | 4585 | 6236 | 2017 | 5610 | 6336 | 54.00
< % & Station(km)
= =
7 Elevation difference from | »75 35 | 40095 | -365.15 | -60.35 | -170.70 | -193.25 | -367.65
Sulaimani station
_ - E =
c jo S
I\/Lc_)de_l Independent Importance B g 3 = G & =
Prediction Station S s = = E £ s
Station & > i) £ o < 2
w e I
&) A
'mportancgr'ge‘:esce”d'”g 100% | 836% | 61% | 44.3% | 43.9% | 42.1% | 30.7%
[ .
cU v < -
~ 53 Distance from Dukan 97.10 | 6276 | 4200 | 12585 | 6120 | 47.90 | 114.73
8 g & Station (km)
Elevation difference from | e0 | 36515 | 3048 | 1719 | 6385 | 19446 | -2.50
Dukan station
— < c_és
c = <
P I\/(ch_)dgl Independent Importance g = = § G 3 &
rediction Station = < S = z & £
Station 3 £ & )] 5 m =
(@]
X 5 'mportancgr'(;‘e‘:esce”d'”g 100% | 925% | 53.6% | 341% | 235% | 23.3% | 20.1%
O =
c 35 Distance from
[3%] =
g E% Darbandikhan Station(km) | 5400 | 2836 | 6140 | 11473 | 6868 | 7398 | 9057
T © Elevation difference from
alt= B ik station 367.65 | 1744 | 7706 25 641 | 3073 | 196.96
o = Tg s—‘CU
c [0
Model Independent Importance = g s 3 3 £ =
Prediction Station = = = > < £ 8
Station £ > ) o @ 3 o
(92 = <
&) A
- 'mpo”ancgr'(;‘e‘:esce”d'”g 100% | 77.5% | 71.8% | 60.1% | 53% | 31.6% | 16.2%
= 3 c - —
A= S | DistancefromPenjwin | 4055 | 4588 | 3653 | 97.10 | 7415 | 10212 | 6140
% g & Station (km)
o Elevation difference from | o5 | 40595 | 1206 | -768.1 | -4633 | -573.64 | -770.6

Penjwin station
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Prediction Station = = N E S = =
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S O
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T 5 c -
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Rafa H. AL-Suhaili Spatial Prediction of Monthly Precipitation in
Rizgar A. Karim Sulaimani Governorate using Artificial Neural
Network Models

Calculation steps for the prediction of monthly precipitation in Sulaimani
governorate:

The following equations are those used for the prediction of the missed precipitation
values at sulaimani station. Similar forms of equations are also available for the
estimation of the missed precipitation for each of the other stations.
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ABSTRACT

Air stripping for removal of Trichloroethylene (TCE), Chloroform (CF) and Dichloromethane
(DCM) from water were studied in a bubble column (0.073 m inside dia. and 1.08 m height with several
sampling ports). The contaminated water was prepared from deionized water and VOCs. The presence of
VOCs in feed solution was single, binary or ternary components. They were diluted to the concentrations
ranged between 50 mg/l to 250 mg/l. The experiments were carried out in batch experiments which regard
the bubble column as stirred tank and only gas was bubbled through stationary liquid. In this case transient
measurements of VOC concentration in the liquid phase and the measured concentration profiles were
modeled by bubble aeration model (BAM) to fit the experimental data fairly well. The results from batch
experiments show that the removal efficiency of VOCs increases with increasing gas flow rate or gas holdup.
It is found a pH=10 give the best removal rate, but all experiments were adjusted at pH=8 which allow to
study other operating conditions. TCE is being removed faster than the other two components for all systems
and a single component was removed faster than binary or ternary system. The K, a values were evaluated by
fitting the BAM to the experimental data. It is found that K a increased with increasing gas flow rate and
TCE exhibits the highest K, a values.

Key Words: Mass transfer, Bubble column, Air stripping
A5SUud) A ) u& GleBdl) & j aladiuly &iglall elal) (1 iy gae LS ja Jantild u...n&l.ﬁ!\ g A

i Ay iy Leas 4 daaf e daaa g
213y Aaala/Aatigh 48/ A Autigh) anid 213y Ay /Aatigh 48 / A Autigh) anid 238y Aaaly/Aigh A8 / At Aatigh) acd
dad) AadA

G Ggld) slall g (DCM) allise sy slSa0Al)5 (CF) pusds) 511 ((TCE) 0l 5130 Al ilS jo AIDY Jlsed) ) 5591 )
A (OOl 3ala (e zz3laill 381 (el dails s Baag 35 30 p) 0 A S LE 5 ancn VT Al had) CilelEl &y aladiuly 4dul j
g () g Ohall el ) Gliaiy J sl Jslas sabuey (VOCS) 3 _tdkaiall 4y guzanll o) sall o Cslall Jslaall jpuzaas
S Wl SO ) S ) a8 el JSE e paad 3 Sl (VOCS) Q) S je o) Al o)A 8 aada sy Jshal)
Ll G AS Clelidll 7 5 L a5 aSle 4nil) el o) ) a3 ) il/ake Yoo A /il 5O sl 5 3 juasl)
Jiadl skl e (VOCS) ) 5815 luiald &5 SLall lall (& AoV I Jawl) (e 48 & a5 ol 5¢l) clelsd 5 (Stirred Tank)
il o) aadiaall 23 sail) ae da JSE Aiae D el 4@l ) aay Sy (ABM) 4l sed) clelall ozl )l 23 saill alaainly
ol Jara 8345 b el sl Olioa Jama 3l 30 2o 35 8 platall &g geaall o) gall A1) 30l At o)) & jedal il A Aliaaiill
(TCE) Cobil gy SIS ye ) G yedal ) o) WS .pH=10 2= a3 5eleS Jusadl o) 2 g 28l (Gas Holdup);\x_\l guél\
S laalagl &5 8 (K| a) (el salall JUsil Jalas o () 2 jdal) pUaill & all delaty) JS1 G A S ) e gl J
o dare 33l 3 a3 K@ a o) 25 388 oo (S8 gy el UL ae BAM (bl 23 said) Jaay i a3 ) VSl
Kiaded el el TCE Soall ()5 ¢l sedl

81561 &1 FNIcle Bl 7 Balall QUL ¢ A ) diad) cilals

28



Waleed M. Salih
Ahmed A. Mohammed
Yaseen R. Hasan

1. INTRODUCTION

Ground water contamination by trace levels of
volatile organic compounds (VOCs) has emerged
as a major water quality issue in the last five
decades. Interest in VOCs in drinking water began
escalating in the mid-70s when it became possible
to measure these compounds concentrations g/l
levels. Since then, it has been recognized that
volatile compounds are finding their ways into
ground water, which is often used as the main
source of drinking water, Djebbar 1998.

VOCs are organic compounds with a
tendency to migrate or diffuse from the aqueous
phase (water) to the gaseous phase (air), or vice-
versa. They are generally highly volatile, with low
molecular weight. VOCs are a widely used class
of compounds employed in many types of
industrial, =~ commercial,  agricultural, and
household activities,DeMarco 1983.

These compounds find their way into
the environment through industrial and
municipal wastewater discharges, leachate from
deficient, old waste disposal sites that received
hazardous chemicals, illegal discharges, and
leaks from above or underground storage tanks
and pipes. Contamination of drinking water
supplies may occur from any combination at
relatively high concentrations, and several other
compounds will be present at lower
concentrations ,Dyksen et al., 1982.

A very prevalent water pollution problem
pertains to contamination by VOCs that offer
potentially very important health risks, when they
have a certain propensity to evaporate away from
the water into air. Many of these VOCs are only
partially miscible with water but in general they
all present certain solubility. The problem of
reducing VOCs in water applies to ground waters,
surface waters, and waste waters alike. The origin
of the water has some important design
implications that will be discussed later. This
write-up will discuss the application of air
stripping for the removal of VOCs from water.
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Depending on the contaminant and site
characteristics, volatilization can be an important
mechanism for the loss of hazardous compounds
from soils and liquid waste systems. Volatilization
may decrease the concentrations of the wastes at a
facility or site; however, because of the law of
mass conservation, contaminants will
subsequently be found in the atmosphere.
Therefore, air emissions, may become hazardous
air pollutants (HAPSs) and result in short or long-
term health effects. Volatilization can also be
applied as a hazardous waste treatment process to
clean up contaminated ground water through air
stripping and to remediate soils by soil vapor
extraction. If volatilization occurs, it will do so
primarily as a function of the contaminants vapor
pressure (if the compound is in relatively pure
form) and the Henry’s Law constant (if it is in
aqueous solution), Richard, 1997.

One of the most useful methods to
remove the VOCs from contaminated water by
using the dispersion aeration (bubble column
technique) which include flow of air bubbles in
water, and mass transfer from liquid phase to gas
phase will occur (VOCs move from the water to
the air as the bubbles rise through the water).
Several types of air stripper technologies are
currently available for removal of VOCs from
water. This evaluation focuses on the capabilities
and limitations of several major established and
emerging air stripper technologies that are
potentially applicable for VOCs removal such as
Packed tower Aeration, low profile aeration,
bubble diffusion aeration, spray towers, aspiration
JAndrew et al., 1995.

Transfer of the VOCs from the water to the air can
be improved by increasing the column length or
by producing smaller bubbles. Its main advantages
are that it is simple and that it can handle water
having high levels of suspended solids, Dwight,
2001.

As far as
concerned, the main

published studies are
interest is concentrated on
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design and scale-up, fluid dynamics and regime
analysis and characteristic parameters, especially
gas holdup, bubble characteristics, mass transfer

coefficient and heat transfer coefficient., the
effects of superficial gas velocity, liquid
properties, operating conditions , column

dimensions, gas distributor design , solid type and
concentrations are presented, Nigar et al. 2004.

Bubble columns are intensively used as
multiple contactors in chemical, biochemical and
petrochemical industries. They provide several
advantages such as high heat and mass transfer

rates, compactness and low operating and
maintenance cost, Andrews et al.,, 1995 and
Sulaymon and Mohammed 2010.

Investigation of design  parameters

characterizing the operation and transport
phenomena of bubble columns have led to better
understanding of the hydrodynamic properties,
Onder et al., 2004.

2.0BJECTIVES

The main objective of this work is to
investigate competitive removal of identified
VOCs (TCE, CF and DCM) pollutants from water
by air stripping batch wise, and to investigate
stripping of dangerous VOCs from wastewater by
air using bubble column from liquid phase to gas
phase through single, binary and ternary systems
of VOCs in water, also to determine the
volumetric mass transfer coefficient K.a for a
particular component as single and in the presence
of other components (binary and ternary systems).

3.MATHEMATICAL MODEL

For a VOC with a Henry’s law coefficient
much greater than approximately (1.6*10™ atm.
m*/mole at 25 C), however, the gas-film resistance
is negligible compared with the liquid-film
resistance ,Mackay and Leimonen, 1975.

K.,a values for VOCs are not easily
predicted because they are highly system
dependent. However, a relative value of K.a can
be computed because K a is proportional to the
VOCs diffusion coefficient in water, which is
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proportional to the molar volume at its normal
boiling point ,Wilke and Chang, 1955.

As mass transfer occurs between water
and air in a bubble, the VOC concentration in a
bubble increases as the bubble moves through the
water column to the water surface. This
phenomenon was considered by Matter—Muller
et al., 1981 and Roberts et al, 1983, who
developed a kinetic model for bubble transfer with
the following assumptions; the system is
isothermal; mass- transfer coefficients are
constant and independent of time and location, if
hydraulic conditions are stable; equilibrium
follows Henry’s law; complete mixing occurs in
the water; the change of VOC concentration in
water during the retention time of a bubble in the
water is insignificant compared with
concentration change in a bubble; and although
the upward velocity, surface area, and volume of a
bubble depend on the actual depth of the bubble,
use of the mean values over that total depth is a
acceptable .

The bubble—transfer model is based on
the continuity equation for a VOC in a bubble
rising through the water ,Matter-Muller et al,.
1981.

=) e (-55)

(1)

Integrating Eq. (1) yields a relationship between
water depth and the mole fraction of VOC in the
bubble phase.

y(Z) =
1

e L H_.R.T.exp(—®Z) can]

)

When Eq. (2) applied for the entire bubble rise

for typical unsteady-state gas transfer, C_
becomes a function of the aeration time (1),
according to:

-#nz}

Ln(2) = —Qc. =

o o[ —exp(=2.2)1t (3)
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The slope of the relationship between In(C_;/C_ o)
versus t of EqQ. (4) is expressed as :

Sp= _QG-;:_; [1—EXP(_‘1E"-ZS] (4)

Because ¢ in Eq. (4) is a function of
(KLa)y, (K a), of any VOC; can

be obtained from Eq. (5) as rearranged to
solve for (K a )y,

_ He.i _ SpaVlL
(Hlﬂ}b,i = —Q¢- v In (1 Qcﬂc.i) )

4. EXPERIMENTAL SET UP

Fig.1 the experimental set up which consists
mainly of a pixglass bubble column 73 mm inside
dia. and 1.08 m height with several sampling
ports, the column; a feed pump, a feed tank, a
stock solution tank, an air compressor and air
rotameter. The distributor plate is a 1/8 in metal
sheet having 50 orifices of 0.5mm in diameter
arranged on a square pitch. mm polyethylene. The
liquid line is a plastic pipe with nominal diameter
of 1/2 inch. The column has a two 3/4 in overflow
pipes, and all fittings are either PVC or galvanized
steel. The gas holdup was measured according to
the volume fraction of the gas phase occupied by
the gas bubbles, which defined as the volume of
gas phase divided by the total volume.
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Figure 1. Experimental setup.
5. MATERIALS

VOCs used for the experiments were
trichloroethylene TCE, chloroform CF and
dichloromethane DCM. Alternatively DCM is
known as methylene chloride. All these chemicals
were of purity greater than 99.6 % and they were
used without further purification. In this study
deionized water was used for the preparation of
the feed solution, i.e. aqueous solution of VOCs.
Due to a low solubility of these VOCs in water,
high purity methanol was used as a co-solvent
which assisted in obtaining homogeneous
solutions of VOCs in water.

The physical-chemical properties of the
three VOCs wused in the present work are
summarized in Table 1.
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Table 1. Physical and chemical properties of

VOCs.
property Compound
TCE CF DCM
Formula CzHClg CHClg CHZCIZ
Molecular weight (g/mol) 1314 | 119.39 | 84.93
Solubility in water at 20C°, 0.10 0.8 2.0
(g/100mL)
Henry’s constant at 20C° 0.376 0.141 0.11
(dimensionless)
Density, at 20C° (g/cm3) 1.464 1.483 1.327
Wave length, A (nm) 244 214 211

6. PREPARATION OF FEED SOLUTION

Contaminated water was used as feed
solution. This was prepared by dissolving VOCs
in deionized water. However, VOCs chosen for
this study are of little solubility in water and
consequently the aqueous solutions produced were
heterogeneous.

Fatima et al, 2009, suggested the use of a
co-solvent before mixing with water. Their
procedure is simple, in which 1gm of a VOCs e.g
TCE or CF or DCM is dissolved in 10 mL of high
purity methanol e.g > 99.6% purity and the
mixture is added to 10L of deionized water.

This step yielded a homogeneous aqueous
solution of a single component of VOC of
concentration 100 mg/l. Employing this technique,
aqueous solutions of single VOC of initial
concentrations of 50,100,150,200 and 250 mg/I
were prepared for the experiments. By a similar
method binary and ternary solution were prepared
with initial concentration of 50,150 and 250 mg/L
of each component. The use of methanol proved
to be an effective solvent which assisted in the
dissolution of VOCs in water with the result that
homogenous aqueous solution were obtained.
Methanol concentration is too low to have an
effect on desorption performance and it’s
volatilization during bubble aeration processes can
be neglected according to blank test.
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7. ANALYTICAL TECHNIQUES

Water samples drawn from bubble
column during the course of experiments were
analyzed to determine VOCs concentration.
Single component samples were analyzed using
the UV-spectrophotometer system at 190-1100
wavelength spread .The injection volume of
samples was 5 ml. For the two-component
systems binary systems the spectro-photometric
method is also used but the technique is different
from that used for single-component systems. The

bivariate calibration method presented by
Pedrol.etal ,1997, was applied for the
simultaneous determination of two VOCs

components in a mixture, particularly when the
two components have close wavelengths.

8. AIR STRIPPING EXPERIMENTS

All stripping experiments were carried out
under isothermal conditions of temperature
ranging within 22-28 C° average 25C°. The
experiments were operated as semi-batch wise by
allowing air to bubble through non flowing water.
The experiments involved desorption of single
component solutions. To investigate competitive
desorption, binary and ternary experiments were
done for this purpose. The removal efficiency of
VOCs and values of the mass transfer coefficient
Ky a could be determined.

In these experiments, the stripping air was
allowed bubble through stationary water at
different rates of flow. In each run about 4L of
wastewater aqueous solution of VOCs were
charged into the column. Different flow rates of
air were used for the experiments. The pH of
solution was varied covering five values 3, 5, 7, 8,
and10 and pH was adjusted by sodium hydroxide
or hydrochloric acid. After initialization the air
flow water samples were withdrawn at discrete
time intervals through a sampling port in the
middle of the bubble column. The samples were
immediately kept in sealed vials 10mL volume
and placed in a cold box to prevent volatilization.
The sparging process was terminated when the
VOC concentration in the column was low or
relatively constant. In most of the runs steady state
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situation was attained within around 80 min.
Variability was randomly tested by taking two
samples one right after the other and their
concentrations were immediately measured. Table
2 summarizes the operating conditions used in the
experiments.

Table 2. Operation conditions.
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The removal rate or removal efficiency
for each run was calculated as the difference
between initial and residual concentrations. The
results shows that a pH =8 was the most favorable
value for recovering VOCs from wastewater
consequently.

9. RESULTS AND DISCUSSIONS

A series of desorption tables and curves
were obtained experimentally for air stripping
from water of single, binary and ternary systems
in a bubble column. In all experiments the overall
mass transfer coefficient (K a) was obtained by
Bubble Aeration Model (BAM), the results were
obtained by solving the model by using
STATISTICA software computer program.
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The mass transfer coefficient (K.a)
assumed as an unknown parameter, was obtained
from the model using the experiment data. The
experimental and predicted curves are presented
as plots of removal factors (C,/Co) versus time.

Several experiments were carried out to
investigate the effect of different experimental
parameters on the removal efficiency of VOCs
from water. The parameters studied were pH, air
flow rate and the initial concentration of solutions
for single, binary and ternary systems of VOCs.

1-Effect of pH The effect of pH on the removal
of TCE ,CF and DCM was studied in single
system as shown in figures 2, 3 and 4 respectively
plotting the concentration ratio C_/Co versus time
at various pH values while the other variables
remained constant. From these three figures it can
be seen that concentration ratio decreases sharply
at the beginning of the runs, then it began to
decrease slowly with time and it was found that
the best pH wvalue for the removal of all
components to be 10 highly alkaline but all
experiments were adjusted at pH=8 for laboratory
purposes to control experiments easily and to be
easy to study another operation conditions.

2.Effect of Air Flow Rate The removal of VOCs
from water was studied at different gas flow rates
1, 2, 3, 4, 6 I/min with the pH adjusted at 8, and
for three systems single, binary and ternary. The
results are presented in Figs. 3, 4, and 5, as plots
of C./Co versus time with air flow rate as
parameters. It can be seen that high removal
occurs with higher gas flow rates. This is due to
the fact that the hydrodynamics of bubble columns
depend on superficial gas velocity Ug. If Ug
increases hinder liquid flow indicating that the
Liquid is getting more agitated and hence more
removal. At low gas velocity, bubbles are small,
and rise uniformly without much interaction with
the liquid. On the other hand, at higher gas
velocity, large fast-rising bubbles appear which
disrupt the system contents, resulting in an
increase in the liquid dispersion, Moustiri et al.,
2001. Thus increasing the gas flow rate increases
the removal of volatile solutes by gas transfer in
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the range of interest for both surface and bubble
aeration ,Paul et al. 1985.

The first point of significance from these
plots is the systematic increase in the extent of
VOCs removal with increase in air flow rate. The
general shape of these curves is as expected based
on the solution of the mass transfer equation
BAM, it was an exponential removal rate with
time. The effect of air flow rate is depicted in
figures above and as found with single the binary
and ternary the removal efficiency was increased
with increasing air flow rate for all components in
the mixture. Similarly, TCE was removed faster
than the other components.

3-Competitive Desorption: To show the effect
of operating conditions on desorption experiments
of a component by the presence of other
components in the mixture; TCE is taken as a
case. Fig. 6 and Table 3 illustrate the removal rate
of TCE as a single system, as a binary system first
with CF and second with DCM and as ternary
system TCE-CF-DCM. It can be seen from the
curves of experiments, TCE is being removed at a
faster rate in a single system in comparison with
binary and ternary cases. For example, after 700 s
of operation, 82% of TCE is removed in the single
case, whereas 68% is removed in the presence of
CF and 70% is removed in the presence of DCM.
In the case of ternary system, 66% of TCE is
removed over the same period of time and
operating conditions. Another example taken near
the end of stripping operation (nearly after 2000
s), we note that 99% of TCE is removed in the
single case, 96% and 97% with CF and DCM
respectively, and 93%in the ternary case. It is
clear that TCE in all these cases is the components
with highest tendency for removal. The closeness
of the removal CF and DCM is possibly due to the
closeness of their Henry's constant and their
molecular weight.
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Table 3.Competitive desorption of TCE in
presence of CF or DCM in binary system and
in presence of CF-DCM in ternary system,
Qc=2 I/min, C,=250 mg/1, T=25°C.

TCE (C/Co)
Time single | with CF | with DCM Wgrcl:,(\;/l':'
(sec)

0 0.993 0.997 0.997 0.994
180 0.625 0.813 0.745 0.824
360 0.419 0.638 0.557 0.673
540 0.288 0.493 0.417 0.515
720 0.183 0.361 0.34 0.32
1020 0.087 0.195 0.174 0.156
1320 0.044 0.107 0.1 0.0794
1920 0.005 0.0326 0.055 0.069
2520 0.0022 0.013 0.033 0.044
3420 0.0016 0.008 0.012 0.013
4320 0.001 0.001 0.004 0.005
5520 0.0001 0.001 0.002 0.003

4-Evaluation of the Volumetric Mass
Transfer Coefficient (K, a)

The overall liquid phase mass transfer
coefficient for each compound (as single, binary,
and ternary systems) was evaluated by applying
the experimental data to the aeration bubble model
Egs. 4 and 5 using STATISTICA program. The
results of calculations are presented in Tables 4, 5
and 6, for all systems investigated. Fig. 7 presents
the results for single component systems which
show that K a increases with increasing gas flow
rate or gas holdup for the three VOC compounds.
This result indicates the dependency of Kia on
bubbling behavior created by gas flow through the
liquid phase. A large number of small size bubbles
observed at high gas flow rate caused the creation
of large interfacial area for mass transfer and in
turn this led to higher values of K a. As can be
seen from Fig. 7, TCE exhibits the highest value
of Kia in comparison with other two VOC
compound and the order is:

Kiaree> Kiaier > Kiaipew
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This result is probably due to difference in
diffusion coefficients of VOC compounds in the
liquid phase. K a is directly proportional to the
Henry’s law constant and molecular diffusion in
the liquid ,cited by Wilke and Change, 1955, i.e.

Kia o \-'I'ﬁ! (6)

Where:

D is the diffusivity coefficient of VOC in the
liquid phase.

And from Table 3, we noted that
experiments of VOCs with mechanical stirring
and found that K a values increased when stirring
speed increased. Mechanical stirring has improved
the interfacial area by producing large number of
small size bubbles. Figs.8, 9 and 10 present the
results for binary systems. As can be seen, the
highest value of K;a is exhibited by the
component with the highest value of Henry’s
constant, we note that CF and DCM exhibit weak
competition, i.e. their K_a values are close and
this is probably due to the closeness of their
diffusion coefficients. This discrepancy in the
results is possibly due to variations in
experimental conditions, particularly temperature
which is difficult to control. The results shown in
Fig.11 for the ternary system indicate weak
competition among the three VOC compounds,
particularly at low gas flow rate. At higher air
rate, value.

The effect of flow rate on K a value is in
agreements with Matter-Muller et al., 1981, who
carried out batch desorption.

Ui 7cE < Umicr < UmiTcE

It can be seen from Table 1 the D, values of DCM
and CF is rather close and the diffusion coefficient
in a solution could be different from that in pure

solvent. The observed effect of gas flow rate ON
Kia is in agreements with Matter-Muller et al.,
1981 who carried out batch desorption
experiments of VOCs with mechanical stirring
and found that K_a values increased with stirring
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speed. Mechanical stirring has improved the
interfacial area for mass transfer by producing

large number of small size bubbles.

Table 4. K a and gas holdup for single
experiments.

VOC Qq(I/min) K a(sec™) 6
1 0.0185
2 0.0026 0.023
TCE 3 0.0032 0.034
4 0.0037 0.046
6 0.0044 0.057
1 0.0009 0.0185
CE 2 0.0012 0.023
3 0.0018 0.034
4 0.0029 0.046
6 0.0034 0.057
1 0.001 0.0185
2 0.00124 0.023
DCM 3 0.00154 0.034
4 0.0017 0.046
6 0.00237 0.057

Table 5. K,a and gas holdup for binary
experiments.

Group VOC Qc(I/min) K a(sec?) g6
3 0.00199 0.034
. TCE 2 0.00149 0.023
G 1 0.00089 0.014
3] 3 0.00124 0.034
= CF 2 0.0071 0.023
1 0.0005 0.014
3 0.00134 0.034
s TCE 2 0.0011 0023
s 1 0.00087 0.014
d o 3 0.00087 0.034
2 2 0.0007 0023
1 0.0005 0.014
3 0.0014 0.034
CF 2 0.001 0023
§> 1 0.0008 0.014
g 3 0.00146 0.034
O DCM 2 0.0012 0.023
1 0.00058 0.014
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Table 6. K_a and gas holdup for ternary-batch

experiments.

VOC | Qg(I/min) K a(sech G
2 0.00125 0.023
TCE 3 0.00149 0.034
4 0.00198 0.046
o 2 0.00117 0.023
3 0.00201 0.034
4 0.00249 0.046
2 0.0014 0.023
DCM 3 0.00215 0.034
4 0.00252 0.046

10. CONCLUSIONS

The main goals of this work were to

investigate competitive removal of identified
VOCs from water by air stripping in a concurrent
bubble column. The results obtained led to the
following conclusions:

From experiments it was found that the
best pH value for removal of VOCs to be
10.

High removal rates occur with high gas
flow rates. The percentage removal
increases proportionally with gas flow
rate or gas holdup. This result can be
generalized for the three systems.

The removal efficiency affected slightly
with increasing initial concentration of the
solution for all systems.

Component TCE is being removed faster
than CF and DCM because of the
difference in their Henry's constants. TCE
has the highest value of Henry's constant
and hence it is the most volatile
component and the order of removal can
be written as follows:
TCE >CF >DCM

The competition between the components
in binary and ternary systems caused
reduction in the material removed of each
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solute compared with that in single solute
systems.

It is found that Kia increases with
increasing gas flow rate for all systems.

The kia values for TCE in all systems
were the highest compared with other
components. This was due to its highest
value of Henry’s coefficients.

The order of K,a values in single and
ternary systems can be summarized as
follow:

Kiapem< Kiaicr < Kiaree
and for the binary system is:

Kiarce>Kiace, Kiarce>Kiapem, Kiacr>
Kiapem
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10. NOTATIONS €L Liquid holdup
- v High flux correlation
* Denotes equilibrium Ratio of mass-
. 2
a Interfamal_area m2 transfer coefficients
A Cross section area m ABM Aeration bubble
Ay Absorbency Angstrom CF Chloroform
b De”‘ﬁﬁ bubble | DCM  Dichloromethane
Cs Gasphaseat mg GC Gas chromatography
Can Molar concentration  mole/I TCE  Trichloroethylene
inside the film

uv Ultra-Violet spectro-photometry

Molar concentration . .
mole/l VOCs  Volatile organic compounds

outside the film

C. liquid phase mg/l
concentration at

CAOl

C.* liquid concentration ~ mg/

in eauilibrium with
d Column inside m
DI Water phase diffusion  m?%/sec

coefficient
G denotes gas phase
H Henry's Law constant atm-m*/mole
H. Henry's law constant ~ dimensionless
ij Subscript denote to - ]

Compound 0 2000 4000 6000
K, Low flux mass sect time(sec)

transfer coefficient
K.a Overall mass transfer

coefficient Figure 2. Effect of pH on the removal of
L denotes liquid phase DCM single-batch, Q= 3 I/min,
M Molar weight g/mole CLo=250mg/1, T= 25°C.
o Denotes initial
R Gas constant 8.2%10° m®- 1.2
S water solubility mole/m? 1 Qg=2|/min
Sh Denotes slope 0.8 Qg=31/min
T Temperature K g . Q6i4 Y min
¢ Time sec S 0.6 Qg=61/min
Us Superficial gas m/sec 0.4
Ug Superficial liquid m/sec 0.2
Ve Critical volume cm®/mole

) 3 0 A AR Y -

V. water solution volume m
Z Axial distance m 0 zoootime{sec)aooo 6000
@ =(Kaly V)/(Hc.Qs Z) 1/m . .
N Density g/mm? Figure 3. Effect of air flow rate on the
£ Gas holdup removal of TCE single system, pH=8,

CLo=250mg/1, T = 25°C.
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Figure 4. Effect of air flow rate on the removal of
CF single system pH=8, C, ;=250 mg/l, T = 25°C.
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Figure 5. Effect of air flow rate on the removal of
TCE in TCE-CF binary system, C,= 250 mg/l,
pH=8, T ~ 25°C.
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Figure 6. Competitive desorption of TCE in
presence of CF or DCM in binary system and CF-
DCM in ternary, Qg=2 I/min, C =250 mg/l, T =
25°C.
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Figure 7. Effect of air flow rate on K a single
system component C, =250 mg/l , pH= 8, T~

25°C.
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Figure 8. Effect of gas flow rate on K a in binary
system (TCE-CF) component, C, =250 mg /I ,
pH= 8, T =25°C.
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Figure 9. Effect of gas flow rate on K a in binary
system (TCE-DCM) component, C,, =250 mg/I
pH=8, T =25°C.



Number 3 - March Volume 20 2014

©

o

S

M
]

~.0005 —e+— CFin CF-DCM KLa vs QG
—=— DCM in CF-DCM KLavs QG
0 T T 1
0 0.00Q0 0.00004 0.00006
&%mglsec?

Figure 10. Effect of gas flow rate on K.a in
binary system (CF-DCM) component, C,,=250
mg/l, pH= 8, T= 25°C.
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Figure 11. Effect of gas flow rate on K_a ternary
System (TCE-CF-DCM) component, C,,=250
mg/l, pH=8, T=25°C.
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ABSTRACT

Crop coefficient for cherries was evaluated by measure the water consumption in Michigan State
to find its variation with time as the plant growth. Crop coefficients value (Kc) for cherries were
predicated by Michigan State University (MSU) and also by Food and Agriculture Organization
(FAO) according to consume of water through the season. In this paper crop coefficients for
cherries are modified accordingly to the actual measurements of soil moisture content. Actual
evapotranspiration (consumptive use) were measured by the soil moisture readings using Time
Domain Reflectometers (TDR), and compared with the actual potential evapotranspiration that
calculated by using modified Penman-Monteith equation which depends on metrological station
and by using pan evaporation method. Absolut error techniques show that the predicated crop
coefficient by MSU should be modified and changed from 1.0 to 1.20 during June, and from 1.02
during July and August to 1.2 to reduce the crop water stress and give better water management
and perfect schedule for irrigation process.

Key words: crop coefficient, actual evapotranspiration, soil moisture, plant growth.
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1. INTRODUCTION

Crop coefficient, variety and development
stage should be considered when assessing the
evapotranspiration from crops grown in large,
well-managed fields. Differences in resistance to

transpiration, crop height, crop roughness,
reflection, ground cover and crop rooting
characteristics  results in  different  crop

evapotranspiration (ET) levels in different types
of crops under identical environmental conditions.
Due to the differences in evapotranspiration
during the various growth stages, crop coefficient
for a given crop will vary over the growing
period. The growing period can be divided into
four distinct growth stages: dormant, bloom, fruit
set and development, and late season, Allen, et
al., 1998.

Once the reference evapotranspiration (ET,) has
been determined, a crop coefficient must be
applied to adjust the reference ET, value for local
conditions and the type of crop being irrigated.
Crop coefficients for Apples, Cherries, Pears and
Grapes with cover crops have been segregated
into months, Water Conservation, 2001.

The most important use of evapotranspiration
information is in the irrigation scheduling where
good water management requires that the irrigator
apply only enough water to meet the needs for the
crop plus some additional amount to compensate
of the inefficiencies of the irrigation system,
Darrell, 20103.

Crop coefficients that given by FAO, 1998
resulted in an update of Kc values to be applied
into Penman-Monteith method and procedures to
arrive better estimates under various climatic
conditions and crop height and expanding the
range of crops and crop types, Kassam, and
Smith, 2001.

Proper irrigation is essential to maintaining,
healthy and productive Cherry orchard. Over
irrigation slows root growth, increase iron
chlorosis in alkaline soils, and leaches nitrogen,
and sulfur out of the root zone, Brent, 2008.
Drought stress will effect on the fruit development
from the pit hardening to harvest, and typically
occurs concurrently with the highest temperature
of the season, Brent, 2008.
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In this study the crop coefficients for cherries
which calculated by measuring crop
evapotranspiration were compared with FAQ,
Utah State and Michigan State recommended
values.

2. AREA OF THE STUDY

The study area is located north- west of
Michigan State in United State of America, called
Travers City, where research center of Michigan
State University (MSU) is located. Cherry of 10
years ages is used which are spaced by 6.3x6.3m.
Trickle irrigation is used and one emitter per crop
of capacity 3.785 I/hr is considered, see Fig.l.
Soil texture is Loamy sand and the groundwater is
the source for the irrigation.

Time Domain Reflectometer (TDR) soil

moisture tools, Fig.2, are used in the measurement
of soil moisture every fifteen minutes per day and
through the growing season. Determination of
water content with TDR relies on the fact that the
travel time of an electromagnetic pulse through
stainless steel probe (the wave guided), embedded
in the soil, and is a function of the soil’s water
content. Total numbers of twenty four of TDR are
being used to cover the studied area, where at
each location two numbers of the tools are used at
depth of 915mm and 1220mm, and it is distant
200mm from center of the tree.
Pan evaporation class A is used for measurement
of water evaporation, made of 20 gauges
galvanized welded iron of size 1207mm in
diameter and 254mm in depth. It is normally
installed on a wooden platform set on the ground
in a grassy location. The pan is filled with water
within 60mm of the top edge.

3. METHODOLOGY AND PROCEDURE

The adopted methodology in this study is first:
estimate the actual evapotranspiration from
measuring soil moisture content, second: calculate
the potential evapotranspiration by using pan
evaporation and Enviro-Weather station methods,
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and finally third: calculate the actual
coefficient from first and second steps.

crop

3.1 Actual Evapotranspiration

Actual crop evapotranspiration (ET.) may be
estimated by measuring the soil moisture content,
especially when the plant age is 10 years and the
shaded area is large enough to reduce the
evaporation from the ground surface. Average
values of all the soil moisture measurements tools
are recorded. The difference between the reading
in the early day and the late hour of the day is the
consumptive use of the plant, Tables 1 and 2
show samples of soil moisture measurements for
years 2010 and 2011. The estimated crop
evapotranspiration can be calculated from the
following Eq. (1):

ET.=ET,*Kc (1)
Where:
ET. = Actual or crop evapotranspiration
(mm/day),

ET, = Potential or reference
evapotranspiration (mm/day), and
Kc = crop coefficient.

3.2 Crop Coefficient (Kc)

Crop coefficient for cherries will vary over the
growing season starting from April to October
(growing season in Michigan State). Fig.3 shows
the comparison of the crop coefficient values
developed by MSU, FAO and by Utah State
University for cherries, Brent, 2008.

3.3 Potential (or Reference)
Evapotranspiration

In this study potential evapotranspiration (ET,)

can be calculated by using the following methods:

1- Pan evaporation: cylindrical pan over

covered ground surface is used through
growing season in the area of the study.

2- Enviro-Weather station is used in the area

near by the area of the study. Modified
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Penman-Monteith equation is used which
developed by, FAO, 1998:

0.408 A(RN=G)+Y (roa =) Uz (es—ea)

Eto = A+y(1+0.34U,) 2

Where:

Et,= potential or reference evapotranspiration
(mm/day),

R,= net radiation at the crop surface (MJ/m?%/day),
G= soil heat flux density (MJ/m?/day),

T= mean daily air temperature at 2m height

(€,

U,= wind speed at 2m height (m/s),

s-€s= Saturation vapor pressure deficit (kpa),

v= psychrometric constant (kpa/C°), and

A= slope vapour pressure curve .

4. RESULTS AND DISCUSSION

Values of Kc which developed by FAO and
by Utah State are less in early growing stage and
Kc developed by FAO is more in the bloom stage
and fruit set and development stage from the
measured values by MSU, when the plant’s
evapotranspiration is increased. While Kc
developed by Utah State and by MSU is almost
equal in these stages. On the other hand the
developed Kc by FAO and by Utah State is less in
the late of the season and after, when the plant’s
evapotranspiration is decreased.

Fig.4 shows the comparison between different
calculations of actual evapotranspiration based on
Kc equals to 1.02 as developed by MSU for year
2010. The actual evapotranspiration calculated
from Modified Penman-Monteith (ET,) gives
values less than that measured values (ET,),
especially during July and early days of August,
and almost equals in values in mid days of
August.

Table 3 shows summary of absolute error for
year 2010 and 2011. The absolute error
|ET4 — ET2| for crop coefficient developed by
FAO is much better than the developed one by
MSU. While Absolute error |E T4 — ET3| for
crop coefficient developed by MSU gives value
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less than crop coefficient developed by FAO,
except for June 2011.

Fig.5 shows comparison between different
calculations of actual evapotranspiration based on
Kc equals to 1.20 as developed by FAO for year
2010. The potential evapotranspiration calculated
from Modified Penman-Monteith equation (ET,)
gives values less than measured values (ET,),
especially during July and early days of August,
and higher values during mid-days in August.

Figs.6 and 7 show comparison between
different calculations of actual evapotranspiration
based on different values of Kc (equals to 1.0 and
1.20) as developed by MSU and by FAO
respectively for June 2011.

Absolute errors |ET4 — ET2| and

|ET4 — ET3| are 11.42, 7.23 and 9.59, 5.01
respectively. That’s mean Kc = 1.2 is the best in
the comparison.

Fig.8 shows the absolute error when Kc equals
to 1, 1.02, and 1.2. The absolute errors of
|ET4 — ET2| for July and August of years 2010
and 2011were less in values than the absolute
errors of [ET4 — ET3|. On other hand the
absolute errors of |[ET4 — ET2| for June of years
2010 and 2011 were higher than |ET4 — ET3].
From actual evapotranspiration measured by soil
moisture content ET, and from ET, and ETs,
modified crop coefficient (Kc) can be found by
using the following equations, assuming that there
is no deep percolation (drainage water):

__ETc

Kc=
ETo

(©)

The developed values of Kc from Eq. (3) were
equal to 1.2 for June, July and August. Table 4
shows comparison between Kc used by MSU and
the modified values.

5. CONCLUSION

According to above results, crop -coefficient
developed by Michigan State University should be
modified to be equal to 1.2 for month’s stages
June, July and August, which matches with values
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recommended by FAO. Therefore, schedule the
irrigation process according to none modified crop
coefficients may be harmful on the plant growth
and production under water stress.
Recommendation for further research works is
to use the crop coefficient developed by MSU and
study the effect of water stress on the crop growth
and production to minimize the irrigation process
and save water. Also crop coefficient for early
months could be included in future studies.
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Table 1. Soil moisture content as in equivalent depth for year 2010.

Soil moisture content | Soil moisture content
Date (equivalent depth mm) | (equivalent depth mm)
for depth 915mm for depth 1220mm
23-Jul. 2.18 2.92
24-Jul. 3.48 4.65
25-Jul. 5.49 7.32
26-Jul. 6.05 8.05
27-Jul. 5.03 6.71
9-Aug. 4.12 5.49
10-Aug. 4.48 5.97
11-Aug. 2.18 2.92
12-Aug. 3.66 4.88
13-Aug. 3.56 4.75
15-Aug. 3.66 4.88
16-Aug. 3.94 5.26
17-Aug. 3.38 4.5
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Table 2. Soil moisture content as in equivalent depth for year 2011.

Evaluating the Crop Coefficient for Cherries Plants

Soil moisture content Soil moisture content
Date (equivalent depth mm) for (equivalent depth mm)
depth 915mm for depth 1220mm
24-June 2.85 3.79
25-June 4,93 6.58
26-June 4.47 5.97
27-June 6.86 9.14

Table 3. Summary of absolute error for year 2010 and 2011.

- ey Crop coefficient (Kc) Absolute error Absolute error
|[ET4 — ET2| |ET4 — ET3|
2010 July 1.02" 6.98 6.67
July 1.27 5.98 7.4
August 1.02 8.12 13.67
August 1.27 6.83 17.0
2011 June 1.0° 11.42 7.23
June 1.27 9.59 5.01
*  Developed by MSU.
** Developed by FAO.
Table 4. Crop coefficients developed by MSU and the modified values.
Month June July August
Kc (MSU) 1.0 1.02 1.02
Modified Kc 1.20 1.20 1.20
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A =

Figu}e 2. Lbcation and dpth of the time domain reflectometer (TDR)
beside the irrigation system in the research area.
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ABSTRACT

The results of theoretical and experimental investigations carried out to study the effect of load and
relative sliding speed on the abrasive wear behavior in drilling bit teeth surfaces of an insert
tungsten carbide bit have been presented. Experimentally, an apparatus for abrasive wear tests
conducted on the modified ASTM-G65 was modified and fabricated to facilitate loading and
measurement of wear rate for the sand/ steel wheel abrasion test, which involves two cases of
contact; first is at dry sand and second is under wet condition. These tests have been carried under
varied operating parameters of normal load and sliding speed. A theoretical model based upon the
Archard equation has been developed for predicting wear simulation by using ANSYS12.1 program
for dry and wet abrasive wear rates. The general trend for all the results of wet tests is that an
increase in the applied load as well as wheel rotational speed produces an increase in wear rate,
while at the dry tests the behavior shows an increase and fluctuating in wear rate due to the
transition in wear mechanism. As compared to the dry tests, the volume losses in wet tests have
much higher values, that is because the presence of water which causes high adhesion between sand
particles and specimen surface as well as wear-corrosion interaction which accelerate the wear
rates. The percentage errors between theoretical and experimental results are more stable with the
wet than dry tests due to the stability in wear rates.

Keywords : abrasive wear, WC-hardmetals, archard theory, friction, ANSYS program
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1. INTRODUCTION

Whenever surfaces move over each other, wear
will occur in the form of damage to one or both
surfaces, generally involving progressive loss of
material. Damage-resistant surfaces are required in
many engineering components to meet demanding
performance requirements in contact applications.
For example, in rock drilling equipment, constant
rubbing action of the drilling head against the hard
surfaces of rocks leads to wear and requires
frequent replacement of the drilling head. In the
process of design of machine elements and tools
operating in contact conditions, engineers need to
know areas of contact, contact stresses, and they
need to predict wear of rubbing elements. These
examples illustrate the critical need for new and
improved materials and design methods for better
wear resistant surfaces ,Mandar Rajiv Thakare
2008.

2. ARCHARD’S EQUATION

Archard has set his formula in 1957 and it is based
on the previous work of Holm made in 1946.
Archard equation is used for the analysis of wear
when the deformation of the specimen is plastic.
This equation gives a relation between the volume
of wear, the normal load and the sliding distance.
Archard’s equation is defined by,Mandar Rajiv
Thakare, 2008:
V _ KW

Q=r =+ 1)

Where Q is the wear rate, V is the wear volume, L
is the sliding distance, K is a constant known as
dimensionless wear coefficient, W is the total
applied normal load and H is the surface hardness.
Mandar Rajiv Thakare, 2008 mentioned that this
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equation is exactly same as the Archard’s
equation, which was originally derived for sliding
wear of metals. Tatjana Lazovic, Radivoje
Mitrovic and Mileta Ristivojevic ,2003 explained

that the surface roughness is not a factor in this
measure of wear because the wear is assumed to
be severe enough that surface roughness difference
is insignificant.

Archard’s wear equation states that the wear rate
Q in any contact is directly proportional to the
load applied W and inversely proportional to the

surface hardness of the wearing material H. Since
the knowledge of the dimensionless wear
coefficient and the hardness of the top layer of the
surface may not be known with certainty, a more
useful term is defined by taking the ratio K/H,
which is known as the specific wear rate (x, SWR)
with the units of mm3N~'m™! and represents
wear volume (mm?3) per unit sliding distance (m)
per unit normal load (N). The modified Archard’s
wear equation is given by Mandar Rajiv
Thakare ,2008:

= 2

_m_

K

Where V is the wear volume in mm3, W is the
total applied load in N, L is the sliding distance in
m, K is the dimensionless wear coefficient and H
is the surface hardness of the material.

It has been shown experimentally that the loss of
material is proportional to the sliding distance
except for short tests where the non-linear
running-in  periods are significant. However,
proportionality between wear rates and normal
loads is found less often. Abrupt transitions from
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low to high wear rates and sometimes back again
are often found with increase in load. This is due
to the transition between wear mechanisms
observed with change in applied loads. Also no
mention has been made of the velocity of sliding
or the apparent area of contact in the equation 1,
suggesting that the wear rate Q should be
independent of these factors as, Mandar Rajiv
Thakare, 2008 mentioned.

3 .WEAR SIMULATION ANALYSIS

John M. Thompson and Mary
Kathryn Thompson, 2006 put a proposal to
calculate wear by using creep formula in ANSYS
program.

This proposal shows that the starting point for any
discussion of wear on the macro scale is the
Archard equation, which states that:

AV =g xSxL (3)

Where AV is the change in volume due to wear, L
is the sliding distance, S is the normal contact
stress and « is the wear per unit pressure (or unit
normal load, as in equation 2) per sliding distance.
Archard says “[k] may be described as the
coefficient of wear and, in a series of experiments
with the same combination of materials; changes
in [x] denote changes in surface conditions”.

The Archard equation assumes that the wear rate is
independent of apparent area of contact. However,
it makes no assumptions about the surface
topography (surface roughness effects are
encompassed by the experimental wear
coefficient) and it also makes no assumptions
about variations with time. It must also be stated
that although it is widely used, the Archard
equation only provides for an order of magnitude
estimate and is a true calculation of wear.

A method proposed for calculating wear is
included into a finite element program where wear
will be calculated in the solution processor instead
of in the post processor.

Consider a modified form of the Archard equation:

AV =k x §€2 x R.©3

Where AV is the change in volume, x, C, and Cz
are equation constants to account for such things
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as the materials in contact, S is the stress created
by the contacting pair and R. is the number of
repetitions of the load (one sliding pass, for
example). If AV represents the change in volume
of the element due to wear, then we can define
wear strain as the change in volume divided by the
original (initial) volume and rewrite the wear
equation as:

€yr =€y X S x R, (4)

Where e, is the wear strain, C, is equal to
divided by the volume. This strain is similar to
volumetric strain which has the form

John M. Thompson and Mary

Kathryn Thompson 2006.

e=AV/V;=7x (el +e2 +e3) (5)

Where el, €2 and e3 are the principal strains and

V; is the initial volume (before wear). Often only
one of these strains is present for wear as it is
expected that wear will occur perpendicular to the
surface of the component. But that is not a
requirement and wear strain may be a vector
quantity in a manner similar to any other type of
strain. Loads that are applied oblique to the
surface may generate wear that is not
perpendicular to that surface and provisions should
be made for including this type of wear. The
principal difference between wear strain and any
other strain quantity is that wear strain represents
material that is removed from the system. Wear
strain as proposed here is different from wear as
proposed by Archard.

The Archard equation is a systems approach where
the applied load is assumed to be distributed over
the entire loading area. Wear would be expected to
occur uniformly over the entire surface. The wear
strain proposed here is a function stress and load
repetitions. This implies that where load is applied
to the surface, wear will occur and that parts of the
surface which are currently unloaded will not
experience change due to wear. This definition of
wear strain also considers the local effect of stress
and permits wear to be different at different
locations on the surface. This does not change the
fact that the approach presented here is only a
systems level estimate of the wear and that
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detailed calculations at specific locations on a
surface should not be relied upon.

This form of the wear equation, Eq. 4, is similar to
creep equations that have a material constant (C;),
a stress contribution (S and C;) and a third factor,
creep strain or time in the case of creep equation
and repetitions in the case wear. This suggests that
creep may be used to simulate wear until such
time as wear is directly calculable in ANSYS.
Explicit creep is used since the plan is to calculate
the wear strain based upon the final configuration
of the surface at the end of the load step. In
ANSYS, the explicit creep calculation is
performed after the elastic and plastic calculations
are completed; this is the approach used for wear.
The strain hardening creep equation that is
programmed into ANSY'S has the form:

de./dt = c; x stress®z x egd xexp(-c4/T)  (6)

Where C;,C,, C; and C, are constants that are
supplied by the user. For each time increment, the
incremental creep strain is calculated using this
equation, then incremental creep strain is
multiplied by the incremental time and added to
the previous creep strain. A similar procedure can
be used to calculate wear. The incremental wear
strain can be calculated in a similar manner. For
each load step, the incremental wear strain is
calculated multiplied the load step time and added
to the previous wear strain.

4. CALCULATION OF FRICTION FORCE

We derived a mathematical model, as explained
below, to calculate the friction force from the
difference in electrical power absorbed before and
after the contact between the specimen and the
rotating wheel (AP) which is taken from a three
phase powermeter device.

AP: P2 - P1 = AtrXQ (7)
=™
60
_ My _AP/Q _ 60AP
Ff=R & ~ zanR (8)

Where F; is the friction force (N), At, variation in
torque (N.m), R radius of rotating wheel (m), AP
variation in power absorbed (watt), Q angular
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velocity of the rotating wheel (rad/sec), N
revolution per minute (rpm) for the rotating
wheel, P; power absorbed before the contact and
P, is the power absorbed after the contact.

5.COEFFICIENT OF FRICTION

The friction force is the resisting force tangential
to the interface between two bodies when, under
the action of an external force, one body moves or
tends to move relative to the other and the
coefficient of friction is the ratio of the force
resisting tangential motion  between two
bodies (Fy) to the total applied normal load (W),

the definition is represented by the following
equation.

_ Fr
COF = 9
Also it is an appropriate way to describe the
resistance to relative motion between surfaces, but
it is not a material property, nor is it a physical
constant like the speed of light in a vacuum or
Avogadro’s number or the elementary charge on
the electron as mentioned, by Ameer Hussein Ali
2008.

6 . EXPERIMENT
6.1 Experimental Material

The samples are teeth which were taken from an
insert tungsten carbide 8, ,," tri-cone drilling bit.
The specimen considered has a cone of 6.78 mm
bottom radius and 3.5 mm upper radius and depth
of Imm with cylindrical base of 6.78 mm radius
and 20 mm height, Fig. 17a. The area of contact
(A) is equal to (mr;2), r;= 3.5 mm, and then A=
38.48 mm?2. The roughness (Ra) of the contact
surfaces is found to be Ra = 5.583 to 7.808 pum.

6.2 Materials Properties

X-ray diffraction (XRD) test shows that the
material of the tooth is based upon WC-based
hardmetal; by X-ray fluorescence (XRF) test, it
was observed that the specimen contain Pt
(11.2646%) and Ni (0.7253%). And from micro
hardness test we found that the average hardness
of the tooth is 1532 HV. Also it was found that
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the Young’s modulus (E) of tooth material can be
601 Gpa. The density of the samples’ material is
calculated by taking a piece of sample and
weighting it, then by using a tube and filling it
with water and then pull out the water to know its
volume, after that we put the piece of the sample
in the tube and filling it again with the water and
then pull out the water to know its volume, the
difference in water volume before and after
putting the sample’s piece in the tube represents
the sample’s piece volume, then by dividing
sample’s piece weight on its volume to get the
density of the sample’s material which was found
to be 13.3 g/cm3.The average microhardness of
the steel wheel is 271.15 HV.

6.3 Test Apparatus

Abrasive wear tests were performed using the steel
wheel high abrasion stress with diameter of 229
mm. The test set-up of the modified ASTM-G65
test is shown in figure 1. Basically, this standard
uses the rubber wheel as the counterface, K.
Elalem and D.Y. Li 2001, and this case of contact
known as "low abrasion stress". Some researchers
used both the rubber wheel and steel wheel for
their studies ,Wirojanupatump and Shipway
2000. The wheel is driven by a nominally 1.4 kW
(2 hp) AC motor through a 10/1 gear box to ensure
that full torque is delivered during the test. The
abrasives are fed between the wheel and the
sample from a hopper by a nozzle. The sample is
pressed against the wheel by a loaded lever. The
test is run for a set period and the wear is
measured by calculating the volume of material
lost through weight loss and density
measurements. Silica sand of 1mm, as maximum
size, is used as abrasives during these tests. The
machine shall be equipped with a revolution
counter that will monitor the number of wheel
revolutions as specified. It is recommended that
the incremental counter have the ability to shut off
the machine after a preselected number of wheel
revolutions.
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Figure 1. Schematic representation of the test
apparatus.

The test apparatus mainly consists from the
following parts, Fig. 1:

1. The wheel.

2. Sand nozzle.

3. Specimen Holder and Lever Arm
4. Applied weight.

5. Sand hopper.

6.4 Test Procedure

The test time is selected to be as 15 minute. The
speeds of rotation for the wheel were selected to
be 160 rpm, 220 rpm and 300 rpm. The effective
applied load and contact pressure at each rotating
speed are illustrated in Table 1. The abrasives
flow rate which was used in dry tests, Fig. 16a
was 350 g/min and of 200 g/min in wet tests, Fig.
16b, with water flow rate of 125 g/min. When the
wheel rotation will be started, the lever arm
automatically will be lowered to allow the
specimen to contact the wheel. When the test has
run at the desired time, the specimen automatically
will be lifted away from the wheel and then we
have to stop the sand/slurry flow and wheel
rotation. The abrasive wear was determined from
the mass loss results, which were measured with
0.001 g resolution, converted to volume loss by
the following equation:

mass loss (g)

Volume loss (mm?3) = x1000  (10)

density (%)
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7. RESULTS AND DISCSSION
7.1 Wear Performance

The effects of the effective applied load on the
performance characteristics of wear rates were
examined by analyzing five different weights
during each rotational speed. The graphs of
applied pressure versus wear volume loss are
shown in Figs. 2 and 3. It shows at dry tests that
there was a fluctuating in the volume loss as the
applied load was increased, but more stability in
wear volumes at wet tests. A phenomenon was
observed by A.J. Gant and M.G. Gee 2001 and
X. Ma, R. Liu and D.Y. Li 2000 on the wear
loss of D2 steel by ASTM-G65 device using
silica sand as abrasive material. It shows that the
damage to the abrasive sand particles was
markedly increased at the higher sliding speed.
The severe damage to the abrasive sand explains
why at higher sliding speeds, the volume loss of
the samples was lower than that at lower sliding
speeds. This happened because the relatively
brittle SiO, sand could not withstand increased
impact at higher sliding speeds when interacted
with hard but relatively tougher D2 steel.
Generally, under higher loads, the damage to the
sand particles considerably increased, leading to
less wear of the sample. This reason explains the
variations in the relation between the wear losses
of the tested materials and the applied load. The
damage to sand under high loads was so high that
a decrease in the volume loss of the target
material could occur as the applied load was
increased.

The same reason above can be suggested as one
reason responsible for the decreasing in volume
loss as the sliding speed or the applied load was
increased.

The results of COF versus load with dry and wet
tests at each rotational speed are illustrated in
Figs. 4 and 5. Generally, the COF have the highest
values at 220 rpm at the dry and wet tests.
Friction, through a heating effect, can affect
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material properties, which in turn can influence
wear behavior. In addition, friction modifies the
contact stress system by introducing a shear or
traction component, which can also be a factor in
wear behavior. Because of these aspects, friction
and wear must be generally considered as related
phenomena, but not equivalent phenomena,
Raymond G. Bayer, 2004. The general trend is
that the behavior of the COFs shows a fluctuating
response with respect to the applied pressure as
well as to the wheel rotational speed due to the
transition in wear mechanism.

Figs. 6 and 7 illustrate the temperature evaluations
along with cases of contact by using laser
thermometer. These temperatures represent the
maximum values obtained at the end of the test
time. It shows that the temperatures have the
highest values at dry tests and it is proportional to
the applied load and sliding speeds. Comparison
between dry and wet tests, it was observed that at
wet tests the temperatures have less sensitive to
the applied load, which was happened due to the
use of water during these tests.

Figs. 8 and 9 illustrate the SWRs behavior. At the
dry tests wear coefficients or the specific wear
rates (SWRs) have fluctuating values as the
applied load increased and its values are decreased
with an increase in the sliding speed at most loads
levels. While at the wet tests the SWRs are
proportional to the sliding speed and have its
highest values at the minimum applied load. That
is due to probability damage to the sand particles
which is increasing as the applied load increased
as well as increasing in the relative sliding speed.
Transition in wear mechanism can produce such
behavior. Comparisons between dry and wet tests
we observed that the wear coefficients or SWRs
are much higher at the wet than dry tests; this is
due to the wear-corrosion interaction effects which
can accelerate the volumes losses. Another factor
can influence the volume losses during wet tests
that the presence of water produces high cohesion
between sand particles and high adhesion between
the specimen and those particles which were
accumulated above the contact surface and fall
down slowly. The SWRs were calculated
according to the equation (V= k W) at each
effective applied load. Where V is the wear



Number 3 - March

volume loss per unit sliding distance (mm3/m), k

is the SWR (me3 /m) and W is the total applied

normal load (N). Also it was observed that the
grooves created at the worn surface of the
specimen are more clearly at wet tests than dry
ones, Figs. 17b and 17c, that is happened due to
the difference in wear mechanism between them.

7.2 Simulation Results

The ANSYS program is used to simulate the wear
results by using explicit creep equation. Explicit
creep equation uses the wear strain phenomenon to
describe the wear rate behavior. The experimental
wear strains are calculated by dividing the wear
volume loss, Eqg. 10, by V; value supposed volume
before wear. Simulation wear strain and
experimental wear strain results versus applied
pressures are plotted as shown in Figs. 10 to 15.
The percentage errors (PE) have been taken
between the simulation results and a linear fitting
to the experimental ones. Fluctuating in wear
rates at the dry tests has large effects on the PE
values. Very high PE over experimental in case of
dry sand-300 rpm as well as at dry sand - 200 rpm
are supposed to be caused by the damage in
abrasive sand particles which reduces the wear
loss of the specimen. Stability of wear rates at wet
tests has direct effect on the stability of PE as
compared to the dry ones.

8 . CONCLUSIONS

The main task of this work is to investigate the
wear behavior of an insert tungsten carbide tooth
material under the dry and wet sand / steel wheel
abrasion conditions, and in particular, the
responses of the materials to variations in the
applied load and the sliding speed. It was
demonstrated by the abrasion tests that the tested
material showed different responses to the
variations in the applied load and the sliding
speed.

1. The abrasive wear rate was generally
proportional to load, that is an increase in the
applied load / pressure produces an increase in
wear rate of the bit tooth in both dry and wet
conditions.

Volume 20 2014

57

Journal of Engineering

2.The general trend for all the results of wet tests
is that an increase in wheel rotational speed
produces an increase in wear rate of the bit tooth.
Compared in dry tests, the wear rate is decreased.
3. The abrasive wear rates were significantly
altered by the presence of an aqueous carrier. High
adhesion and wear-corrosion interaction produced
high wear rates; it is observed that the wear
coefficients (SWRs) in  wet tests were
approximately 10 times higher than those in the
dry condition.

4. Presence of water have no effects at the COFs
as compared between dry and wet tests at the
rotational speeds of 160 and 220 rpm. Variations
to the COFs are observed at the speed of 300 rpm,
that the COFs are higher in wet than dry tests after
the applied load of 64.525 N.

5. It is possible to analyze the wearing
phenomenon by using ANSYS program. The
percentage errors have more stability at the wet
tests than dry ones due to the stability in wear
rates.
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Figure 11. Plot of experimental wear strain and

simulation wear strain versus applied pressure at

dry sand condition and 220 rpm wheel rotational
speed.
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Figure 15. Plot of experimental wear strain
and simulation wear strain versus applied
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wheel rotational speed.
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Table 1. The effective applied loads and contact
pressures with respect to rotational speeds
associated at each contact condition.

Contact Wheel Effective Contact
condition | rotational | applied pressure
speed (rpm) Load (MPa)
(N)
Dry sand/ 160 64.525 1.676845
Wet sand 220 89.05 2.314189
300 113.575 2.951533
138.1 3.588877
152.815 3.971283

(@)

(b)
Figure 16. (a) -The dry sand test and (b) —The wet
sand test.

(@) (b) (©)

Figure 17. Contact surface; (a) - before the test,
(b) - after dry test and (c) - after wet test, (b) and
(c) are at load of 138.1 N and 300 rpm.
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Improving Fatigue Life of Bolt Adapter of Prosthetic SACH Foot
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ABSTRACT:

In this research an analysis for improving the fatigue behavior (safety factor of fatigue) of non-
articular prosthetic foot (SACH) in the region (Bolt Adapter).The laser peening was carried to
the fatigue specimens to improving the fatigue properties of bolt’s material. The tests of
mechanical properties and fatigue behavior were carried for material that the bolt manufacture
from it, a region where the failure occur and inserted of these properties to the program of
engineering analysis (Ansys) to calculate the safety factor of fatigue. The results showed that the
safety factor after hardening by laser is increased by 42.8%.

Keywords: SACH, bolt, foot, prosthetic, safety factor, fatigue, adapter, laser peening.
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1.INTRODUCTION

In the development of prostheses, all prosthetic
assemblies and components are subjected to
structural acceptance tests which include static and
fatigue tests. Static tests are required to determine
the structural strength of the foot to ensure
performance and safety. These are carried out on a
universal testing machine. While this is important,
fatigue tests to reveal the fatigue strength of the
components must also be performed. Fatigue tests
are designed to study performance under load for the
equivalent of the expected service life during normal
use (TOH, et al., 1993).

Fig.1 shows a schematic diagram of the mechanism
by which laser peening generates residual stress.
Irradiation by a strong laser pulse, exceeding the
abrasion threshold, on a material submerged in water
converts the material surface to plasma and
generates high pressure plasma on the surface.
Under water, the inertia of the water prevents the
plasma from expanding, which consequently
concentrates the laser energy in small area (Sakino,
2009). The plasma absorbs subsequent laser energy
and generates a heat-sustained shock wave, which
impinges on the material with an intensity of several
gigapascals, far exceeding the yield strength of the
material (Standard Test Methods, 2003).As a
result, the plasma pressure becomes 10-100 times
larger than in atmosphere and reaches Gpa levels.
This pressure generates a shock wave that passes in
the material. The shockwave causes plastic
deformation of the material, and the restraint from
the surrounding non-deformed spots generates
compressive residual stress on the surface. The
residual stress can be generated evenly and without
scattering by continuously irradiating the object by
moving the laser beam (Sakino, 2009).

Laser peening changes tensile residual stress to
compressive. So it seems that laser peening will be
very effective in enhancing the fatigue strength,
because tensile residual stress is one of the most
important factors to reduce fatigue strength. Recent
studies have revealed that laser peening dramatically
improved the fatigue properties of austenitic
stainless steel (Murdhi, 2013).
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2.LASER PEENING

The laser peening test was carried out at (University
of Technology) by using (Q-switched neodymium —
YAG laser) that has the following parameters:

1- Laser wavelength is about 1.065 yum .

2- Pulse duration 7 Nano seconds.

3- Pulse energy 300 mJ .

4- The laser spot is typically (4-7) mm in diameter.
5- The deep water to the area that treated is typically
(5-10) mm.

The selection 300 mJ of plus energy of laser peening
because this gave best fatigue characteristic
(Murdhi, 2013)

Fig. 2 shows (Q-switched neodymium —YAG laser
system) used in the following work.

The specimens are coated by using the dark paint as
shown in Fig.3.

3.GAIT  ANALYSIS
REACTION FORCES:

AND  GROUND

In order to understand the behavior of lower limb
prosthetics, the act of walking must be understood.
The process of walking is broken down into a series
of repeated events in which a person’s weight is
supported by one leg while the other leg moves
forward, with the weight being transferred between
the two. This sequence of actions, occurring on one
leg, is called the gait cycle.

The gait cycle is broken into two periods, the stance
period and the swing period. The term stance refers
to the “period of time that the foot is on the ground.”
The term swing refers to the “time that the foot is in
air for limb advancement” .The gait cycle can also be
subdivided into three main tasks: weight acceptance,
single limb support, and limb advancement. These
main tasks are accomplished through the eight
distinct phases that occur within the gait cycle.

4. FAILURE ANALYSIS

The failure is breaking the sample into two parts.The
failure occurs as a result of load that be in heel and
toe of foot in intermittent periods and regular during
the phases of gait and that lead to alternating
moment and opposite directions about the point A
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Where at heel strike phase as shown in Fig.4 the
ground reaction force applied on the heel of the foot
upward vertically and the axis of the foot is italic so
that the force analyze to two components, the first
parallel to the axis of the screw and its operating
moment in clockwise about the point A in distance
L, and the second perpendicular to the axis of the
screw and its operating share stress and its small
amount so its neglected, while at toe off phase as
shown in Fig.5 which be vertical upward to the foot
and analyze to two components, the first parallel to
the axis of the screw and its operating moment in
anticlockwise about the point A in distance L, and
the second operating share stress and its small
amount so its neglected too. From Figs. 4 and 5
noted that the L, larger than L, so that the moment
in toe off phase larger than the moment in heel strike
phase.

5.MODELING THE SACH FOOT BY
AUTOCAD

In order to conduct the finite element analysis, all of
the components needed to be modeled. All of the
components to be tested were modeled in
Pro/AutoCAD 2011, as shown if Figs. 6-9.

6. FINITE ELEMENT ANALYSIS

ANSYS Workbench was chosen as the FEA software
package because of its ability to accept a 3D
computer aided design (CAD) model and assembly
of high complexity. The program also allows for the
accurate placement of angled pressures and loads, in
addition to the modeling of contact surfaces and
large deflection.

In the modeling of SACH foot, the standard
tetrahedral elements were used because the elements
have plasticity, hyper elasticity, stress stiffening,
creep, large deflection, and large strain capabilities.
The automatic size control was used to mesh the
model as shown in Fig.10, with refined meshing at
the notches of the bolt.

The total number of elements was (46889 elements)
with total a number of nodes of (81263 nodes.).
Applied the same boundary conditions (constraints
and loads) that taken from the GRF test. The tip of
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the adapter was selected as fixed support for the four
sides at all time. a vertical upward pressure of 310
Kpa was applied to the bottom surface of the heel
from 0% to 21% of gait cycle and 310 was applied
to the bottom surface of the toes from 69% to 100%
of gait cycle as shown in Fig. 11.In this work
SOLID 185 as in Fig.12 is used. SOLID185 is used
for 3-D modeling of solid structures.

7.EXPERIMENTAL

The fatigue performance of a material is determined
by testing a number of similar test specimens at
different levels of maximum stress. A fatigue-testing
machine of type rotating bending was used to
execute all fatigue tests. The fatigue test of material
specimens was carried out at (AL-Kufa University)
as shown in Fig. 13 .The specimens were subjected
to an applied load from the right side of the
perpendicular to the axis of specimen, developing a
bending moment. Therefore, the surface of the
specimens is under tension and compression stresses
when it rotates.

RESULTS AND DISCUSSION:
I.Chemical Analysis:

Chemical analysis of the alloy was carried out at the
Specialized Institute using  x-rays method by using
the device shown in the Fig. 14. The results are
listed in the Table 1, which are compared to the
American Society for Testing and Materials
specifications (ASTM) (A 479 316 stainless steel)
(American Society for Testing and Materials,
2007).

I1. Mechanical Properties:

Tensile specimens had been examined at room
circumstances conditions and the specimens after
test shown in the Fig.15.The results of the
mechanical properties of bolt material are shown in
Table 2, which are compared to the American
Society for Testing and Materials specifications
(ASTM)(American Society for Testing and
Materials, 2007).

The tensile specimen’s geometry and dimensions
knew by using standard (A370)(Standard Test
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Methods, 2003) which was specified for metals
(Stainless steel) are shown in Fig. 16,and the
dimensions of the specimen shown in Fig. 17 .

I11. Fatigue Results (S-N Curve)

The specimens hardened by laser peening are
presented in the form of table as shown in Table 3
while the description are in curves as shown in Fig.
18.

In comparison the fatigue result with reference
(Jweeg, et al., 2014) the key benefits achieved in
most application with laser peening are significant
increase in fatigue life and fatigue strength. Fig. 19
shows a comparison of fatigue properties for
stainless steel specimens subjected to laser peening
and dry fatigue. It is clear that, the fatigue
performance of 300mJ with water is the best one
compared with dry fatigue. The reason is that water
generates high pressure plasma, and the strength of
material surface is improved owing to the impact
force by the plasma (SaKino, et al., 2009).

9.THE RESULT OF THE NUMERICAL
ANALYSIS AND DISCUSSION

To increasing the life of bolt adapter in reference
(Jweeg, et al., 2014), the Laser peening (LP) is a
surface enhancement technique that has been applied
to improve fatigue. Behavior The ability to use a
high energy laser pulse to generate shock waves,
inducing a compressive residual stress field in
metallic materials (Singh, 2009).

The aim of this analysis is to investigate the
equivalent (Von-Mises) stress and safety factor of
fatigue of prosthetic SACH foot.

According to the Von-Mises theory that considers
the yield stress as criteria; (g, <o, , safe), (c.=o
, critical) and (o> o, , failed).

Where, (o) is the equivalent stress, and (o) is the
yield stress.

The safety factor for fatigue will be safe in design if
the safety factor about or more than (1.25) (Miller,
2002).

Figure (20) shows the equivalent stress-safety factor
for the prosthetic SACH foot. From noted that the
safety factor of fatigue after laser peening increased

¥ ¥
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by 42.8% as shown in Fig. 21 and this increment due
to formed layer of compressive residual stress which
inhibits both crack initiation and propagation this lead to
life longer of bolt and more safety factor.

10.CONCLUSIONS:

1-An improvement in fatigue life by 42.8% due to laser
peening.

2-The fatigue limet of bolt material was improved by
19.7% at 10”7 cycles under the laser treatment.

3-The results showed that good agreement was found
when comparing the experimental and numerical data.

4-The minimum equivalent stress-safety factor is located
in bolt at interface regain between adapter and foot at
notch because the cross section is minimum at notch.
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Figure 1. Basic process of laser peening (Yoshihiro, GRF

etal., 2007). Figure 4. GRF at heel strike phase.
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Figure 5. GRF at toe off phase.
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R,

Figure 9. Multiple views of final model of SACH
foot and bolt adapter.

Figure 6 . Final solid model of KEEL OF SACH
foot.

Figure 7. Simplified SACH foot. A
0.00 100.00 (mm) '1/'

50.00

Figure 10. Meshed SACH foot models.

Figure 8. Final bolt adapter model.
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Figure 11. FEA model constraints and loads. Figure 13. Fatigue Testing Machine.
= E Table 1. Chemical composition wt%
M 0‘9
N Other
( KL Material C Si | Mn | Cr i eleme
y nts
e (exbggme 000 | 08|04 |13 |3 |
MNOP P 80 | 67 | 75 | 48 | 6
qg ntal)
K KL Key to
J steel
Tetrahedral Option - (standard)(
net recommended American
Society | 0.00 1
for g | 1|2 |® o]
Figure 12. Solid 185. Testing
and
Materials,
2007)
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Figure 17. Tensile test specimen (all dimensions in
millimeters).

Table 2. The mechanical properties of material bolt
(stainless steel).

Figure 14. X-ray fluorescent (XRF).

Young’s Yield | Ultimate
Material Modulus Stress Stress
(GPa) (MPa) (MPa)
Experimental 185 483 570
Standard
(American
Saciety for 195 450 585
Testing and
Materials,
2007)

Table 3. S-N fatigue tests.

Figure 15. Tensile test specimens after test.

Test or No.( gfccié/;:les
r—— A ——~l (MPa) Y

1 400 10000000*
S E—-— —i—= —_:Ol — g% — 2 420 6511000
- Va 3 460 4254000
S 4 480 1948000
5 500 1229000
. . . . 6 520 320000
Figure 16. Circular cross section tensile test 7 540 102000

specimen according to ASTM (A370) (Standard 8 560 4000

Test Methods, 2003). * didn’t failed specimen
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18. S-N fatigue tests curve.
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Figure 19. Comparison between the fatigue
behavior with laser peening and without laser

peening.
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Figure 20. The equivalent stress-safety factor for
fatigue of the prosthetic SACH foot.
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Figure 21. Comparison between the fatigue
improvement factor for fatigue with laser peening
and without laser peening.
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ABSTRACT

The simulation have been made for 3D flow structure and heat transfer with and without
longitudinal riblet upstream of leading edge vane endwall junction of first stage nozzle guide
vane .The research explores concept of weakening the secondary flows and reducing their
harmful effects.Numerical investigation involved examination of the secondary flows ,velocity
and heat transfer rates by solving the governing equations (continuity , Navier -stokes and
energy equations ) using the known package FLUENT version (12.1).The governing equations
were solved for three dimentional, turbulent flowe, incompressible with an appropriate
turbulent model (k-w,SST) .The numerical solution was carried out for 25 models of V-groove
riblet with wide ranges of height (h) and space (s). The results indicated that, the riblet endwall
junction was a powerful tool for controlling the flow structure , reducing secondary flow
formation,and elimination the effect of heat transfer at leading edg and passage . The drag
reduction produced by riblet was proportional with their height and space. V-groove riblet with
dimension of (h=1.35mm and s=2.26mm) was found to be the most effective in reduction of
drag (2.7%) and heat transfer (21%) so it was selected as an optimum dimension of riblet model.
The results also showed that the drag reduction produced by riblet was proportional to their size.
The riblet model had a great effect in elimination spanwise ,pitchwise velocities ,but strength
the streamwise velocity .At leading edge ,the effect of secondary flow was extended up to 23%
from span height and 35% upstream leading edge .The riblet model caused an increase in
momentom at a region very close to leading edge and to move stagnation point very close to the
leading edge.
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1.INTRODUCTION

The flow at endwall junction is very
complex and it is well known that three -
dimensional secondary flows in endwall
junction of inlet guide vane can dramatically
affect the performance of gas turbine
Consequently, there is a strong need for
computation model/tools that would allow an
accurate prediction of the secondary flow effect
on both the pressure losses and heat transfer.
Recent advances in flow control have the
potential for significant impact on the design
and performance of modern gas turbine engines,
weakening secondary flow, delaying separation,
reducing drag and creating virtual shape with
modifying.

The present work focus on riblet of
longitudinal groove with streamwise direction
locates before the leading edge of airfoil as
shown in Fig. 1. There are two types of flow
control technique, active and passive. Active
flow control method requires an energy input
such as suction or blowing to delay transition
and modify the fluid viscosity with polymers
and film cooling. While the passive control
method not require energy and it is a low cost
method such as a longitudinal riblet ,leading
edge fillet and three dimension contour endwall
junction.

A number of researches had investigated
endwall modification in the past .As a tool of
reducing secondary flows and losses, many
techniques have been approved numerically to
pursue drag reduction. To create a method of
horseshoe vortex reduction elimination, first it is
necessary to understand the reason for the
formation of the vortex. Sieverding , 1985, gave
a comprehensive review of the secondary flow
structure which produce losses in several ways :
first of these flows is the extraction of energy
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from the main flow and create aerodynamic
losses. Second, their rotation can bring the
hotter gas from the main passage to the endwall
creating high heat transfer regions. Medic and
Durbin, 2002, .improved turbulent model (k-
o,k-¢,V>-f) that can be used in any particular
application. This analysis is dealing with
transonic compressible flow through a gas
turbine blade cascade. The results showed that a
good predictions for the case of using k-¢ model.
In all models, the turbulent intensity T, was high
at the stagnation point and in the near wake
region. Galzada and Alonso,2003, Investigated
the mechanism of the flow and heat transfer in
separated flows particularly in separation and
reattachment points .Also, they studied the
influence of inlet flow angle, Reynolds number,
Mach number on the heat transfer mechanism.
The result showed that both the local Stanton
number and the local heat transfer coefficients
drop approaching the separation point and rose
rapidly up to the region where flow reattaches.
Saha and Acharya,2008, Investigated the
modification design of endwall for reduction of
heat transfer and total pressure losses .Various
non-axisymmetric endwalls were studied using
three-dimensional numerical simulations .The
results showed that the total pressure loss was
also low and the average heat transfer reduced
by about 8% compared to the flat endwall. Local
reduction in heat transfer was significant.
Sonoda et al, 2009, Investigated the effect of
three types endwall contouring: 1 only hub
contour 2 only tip contour 3 hub and tip
contours on the aerodynamic performance for
the low -aspect ratio transonic turbine inlet
guide vane IGV. Also they investigated the
secondary flow mechanisms to show whether
there were difference between the secondary
flow models. The result showed that all types of
endwall contouring reduce the mass averaged
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overall loss by 4% for type 1, 5% for type 2 and
10% for type 3 as compared to the base line .
Also, the flow mechanism in the small size full
annular ultralow -AR transonic turbine IGV was
different from the secondary flow model
obtained from the low speed linear cascade.

There were some researches available on
modification of endwall junction flow by
passive modification to control flow by using
fillet upstream leading edge and three-
dimension 3D endwall contour, But a few
researches were found on modification of the
junction flow using riblet upstream leading
edge. Based on the past studies, there is a clear
need to investigate further the secondary flow
losses and heat transfer characteristic of the
endwall junction of a modern day stator vane.

The present work aims to explore concept
of weakening the secondary flows and reducing
their harmful effects by using a numerical
technique to predicate the optimum dimensions
of riblet by testing different riblet geometries. A
theoretical formulation is used to examine
secondary flow and drag reduction with
longitudinal riblet upstream leading edge vane,
by using the known package FLUENT version
12.1.Continuity and Navier -Stokes equations
are solved in turbulent regime with an
appropriate turbulent model SST, k-® in three-
dimension .Numerical solution will be carried
out for 25 riblet models type V-groove with
various riblet heights ,spaces and geometries on
junction flow.

2 .COMPUTATIONAL ASPECTS

An accurate simulation of flow over riblet
required that each riblet cross-section be
represented by at least several grid points in
addition to accurately simulate analysis. The
turbulent flow passage width and length should
be greater than the size of characteristic
turbulent flow structure such as boundary layer
streaks and quasi-stream wise vortices. All this
parameters are taking into the consideration in
simulation process. The model facility is shown
in Fig. 2 and consists of one passage between
two adjacent vanes. The model consists of inlet
section, vane endwall junction hub, outer
endwall junction casing and outlet section. The
inlet section is located at one chord length
upstream of airfoil leading edge, while the outlet
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section at one chord length downstream trailing
edge.

2.1 Vane Airfoil and Riblet Geometry

The airfoil profile of guide vane of gas
power plant Unit PG9171E is found by using
Gambit program, as shown in Fig. 3, with the
dimensions as given in Table 1. The riblets
types V-riblet with different dimensions are
used in the present work and found by using
Gambit program as given in Table 2.

¥,Y Mesh Topology

For unstructured mesh, FLUENT uses
unstructured solver with internal data structures
to assign an order to the cells, faces, and grid
points in a mesh and to maintain contact
between adjacent cells. This gives the flexibility
to use the best grid topology for complex
geometry. The solver does not force an overall
structure or topology on the mesh (i.e., it does
not require i, j, k indexing to locate neighboring
cells). FLUENT code uses different element
types for mesh topology. The type of element
specifies the number of mesh nodes and the
node pattern associated with element shapes.

The model will be meshed by using

tetrahedral element as shown in Fig.4. Although
many mesh generation codes, Fluent & Ansys,
support mesh generation of solid geometry and
three-dimensional models from a single phase
with minimum input the user Fig. 5,but it is
more durable to divide this process into
subsequent steps including two major issues for
further controlling of the mesh, and are as
follows:-
(1) Surface mesh generation:

Surface mesh is created for the vane-
endwall junction geometry including the riblet,
airfoil, and other boundaries as follows:
eEdges are meshed by assigning an interval size
for each boundary comprising a
closed loop of area.
eEdges meshes are controlled by specifying a
grading scheme for each individual edge.
eOnce all edges are meshed, a triangular
element is used to generate a three-dimensional
pave unstructured surface mesh.

(11) Volume meshes generation:

As far as all surfaces for each individual
area have been meshed, volume mesh can be
created for each zone comprising a closed loop
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of area using T-Grid, Gambit scheme .Building
the mesh required fine cells in area near the
riblet , vane and endwall junction surface ,so
that it is convenient for turbulent flow
characterized with wake and separation
.Therefore ,the mesh should be manipulated and
controlled manually to keep smooth mesh
transition and maintain accurate mesh for a
three-dimensional model with a minimum
computational expense .This was achieved by
applying the size function.

Size functions are used to control the size
of mesh intervals for edge and mesh elements
for faces or volumes and thus to keep smooth
transition of mesh from fine mesh near the
nozzle vane-endwall junction surface to coarse
mesh far away at the undisturbed boundaries .

2.3 Computational Method

In order to examine secondary flow and
drag reduction, continuity and Navier-Stokes
equations will be solved by using the known
package FLUENT version 12.1. Continuity and
Navier —Stokes equations are solved in turbulent
regime with an appropriate turbulent model
SST, k-o in three-dimension .Numerical
solution will be carried out for 25 riblet models
type V-riblet with taking into account the effect
of riblet height ,space and geometry on junction
flow.

A-Flow Field Characteristics:

The most important  aerodynamic
characteristics in this study are drag, local skin
and static pressure coefficients, turbulent
intensity and secondary flow.
eDrag coefficients are calculated as follows:

(=0 (1)

Where F is the resultant force and divided into
two components,

1-Pressure force acts on airfoil and riblet.
2-Viscous force acts on airfoil, riblet, bottom
endwall junction hub and outer endwall junction
casing.

e L ocal skin —friction coefficient (C;). Calzada
and Alonso, 2003.

(,'— IW (2)
712002

e Static pressure coefficient (Cp). Barringer and
Thole, 2009.

[Pstat - Pstatmsf )

(= -
ST

e Turbulent intensity

Uy
- :

e Secondary flow formation

The average secondary kinetic energy of the
secondary flow is defined as: Aunapu et al,
2000.

SKE = vt 4w’ (5)

B- Heat Transfer Characteristics:

The most important heat transfer
characteristics in this research are the
Stanton number and Nusselt number.

e Stanton number is calculated as follows.

Levchenya, 2007.

St= i = q—“
,DCF,UDc PrstocCp(Tw - TO:J

eNusselt number (N,) is given by: Barringer
and Thole, 2009.

3. RESULTS AND DISCUSSION

3.1 Selection the Best Model of Riblet
The effect of riblet ratio h/s on drag
reduction behavior for V-groove riblet models
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are presented in Figs. 6 up to 10, taking into
account the effect of riblet spacing and height as
in Table 2.Peak angles for riblet model are
selected based on data given by, Stalio and
Nobile, 2003.

Generally, as shown in figures that the
riblet at upstream leading junction has an
effective upon drag reduction .Drag reduction
occurs for all V-riblet models. The trend of
increase in total drag can be attributed to an
increase of effectiveness of riblet in adverse
pressure gradient. Maximum drag reduction
occurs at riblet model with peak angle of 80" and
ratio of h/s=0.595 for all ranges of h 1-2mm.
The models number Mo.2, Mo.7, Mo.12, Mo.17
and Mo.22, have the most effect in reduction of
drag and heat transfer upon the others as shown
in Table 3. One can find that, all these models
have an effect on heat transfer reduction
.Behavior of drag and heat transfer reduction are
shown in Fig.11 and indicates that, Mo.12 and
Mo.17 are the most effective on drag and heat
transfer reductions.

The selection of optimum dimensions are
based on a maximum drag reduction and
acceptable heat transfer reduction, therefore
Mo.12 is considered to be the best model. It is
manufactured to present the structure of flow
field .The drag results indicate that there are an
average skin-friction reduction for V-groove
riblet model which has a specified dimensions
of space s and height h.

3.2 Structure of Flow Field

3.2.1 Structure of flow field at leading
edge endwall junction

The velocity vectors ,streamline pattern,
velocity gradient and secondary flow contour
and vector in the same flow domain of interest
are presented in Figs. 12,13,14,15 and 16.The
velocity vectors in Fig. 12 are parallel to each
other in the region far away from the base wall
indicating a uniform incoming flow .As the
endwall boundary layer approaches vane ,the
flow stagnates as shown in Fig.13.The fluid
velocity increases with distance from endwall
this greats a static pressure gradient along the
span .In other word, a pressure difference exists
in the spanwise direction and a minimum static
pressure exists at the endwall .The streamline
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patterns and velocity gradient at the leading
edge as shown in Figs.14 and 15 illustrate how
the free stream and near wall fluid migrates
toward the endwall junction as a result of the
relatively low static pressure which exists at
junction . In addition, the streamlines close to
the endwall demonstrate that the incident flow,
first turns towards the wall then reverses and
moves upstream .This explains the origin of the
circulation associated with the horseshoe vortex
system. The relationship between the axial
velocity and secondary flow can be
characterized by pumping action of the mean
horseshoe vortex structure at work .The
mechanism which brings the high momentum
fluid into the junction and ejects low momentum
from the near wall region can be shown in
Fig.16 at a region approximately 32% H of the
span height and 35% C, upstream of the
leading edge near van-wall interaction. The flow
is directed outward from the vane with negative
flow angle, then changes direction of the
secondary flow with positive flow towards the
vane to base which resulted in clockwise vortex.
The secondary flow structure near the base wall,
tends to be flatted into an elliptical shape and
the contribution of velocity V, at pitchwise in
secondary velocity is larger than the velocity
V.at spanwise resulting clockwise motion .In
that region, the horseshoe vortex wraps around
the leading edge and splits into two legs, first
leg of horseshoe vortex moves toward the
pressure side of the vane and second moves
toward the suction side of the vane and is called
the suction side leg.

— Effect of riblet on the secondary flow
structure

The effect of riblet on leading edge are
shown in Figs. 17,18,19 and 20.The position of
saddle point moves toward the leading edge as
shown in Fig. 18 and separation line pattern is
different. Since the region between the saddle
point and the leading edge where the flow
separates to yield horseshoe vortex is short for
the riblet wall, this implies that the size and
extent of the leading edge horseshoe vortices are
small for riblet case. The orientation of the
streamlines for the riblet changes in flow
direction and this is not the case for the smooth
surface .Thus yaw angle of the flow near the
wall will be reduced as shown in Fig.19 which
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in turns will reduce the development of the
passage vortex .Also, the riblet reduces the size
of secondary flow vortex and with a velocity
gradient at endwall as shown in Fig. 20.

3.2.2 Pressure distribution at endwall

Static pressure coefficient distributions at
endwall (hub) around the vane surface from the
leading edge to the trailing edge are presented in
Figs. 21 and 22 with and without riblet surface
modification of leading edge. Near the endwall,
the flow is complex, being affected by the
interaction of plate and vane boundary layers
and by the horseshoes vortex.

As shown in figures, the minimum
pressure occurs on the suction side due to the
high fluid acceleration on this side .While the
maximum pressure occurs on the pressure side
due to the low fluid velocity on this side.
Therefore, there is a pressure gradient from
pressure side towards the suction side, which
result in cross flow from pressure side to suction
side of passage and this cross flow increases the
formulation of secondary flow .The negative
values of pressure coefficient extens to the
suction side reachs to the lower with a value of -
5.5 in the throttle region at X/C,=88% till
trailing edge. The positive values of pressure
coefficient extents near the pressure side then
changes its sign to a negative. Also, there is a
reduction in the wake region reaches up to the
value of -4.5. The higher negative value of
pressure coefficient in the center of passage
vortex results in a peak turbulent kinetic energy.

In the passage, ther is a minimum static
pressure location a long suction surface of the
vane and an attenuated suction side leg of the
horseshoe vortex still exists. A high magnitude
value of the loss coefficient in the suction side
and trialing region of vane reaches up to a wake
region. . It can be observed that a strong
adverse pressure gradient upstream at vane
leading edge causes flow separation in this
region.

- Effect of riblet on pressure coefficient,Cp
distribution at endwall junction

From Fig.22 it can be seen that, the
pressure coefficients with the riblet are greater
in magnitude than the corresponding points
without riblet. There are an increase in pressure

A%

coefficient in the region very close to leading
edge endwall junction .It seems that, when the
riblets are placed in the location of the
separation point on the endwall surface, there is
an increase in momentum in this region. The
stagnation streamlines move to location closer to
leading edge resulting in an increase in
momentum in the corner, also, with riblet less
pressure losses occurs across the passage.
Reduction in pressure gradient from pressure
side to suction side leads to reduction in cross
flow, where a maximum reduction occurs in
throttle region.

3.3 Structure of Heat Transfer.

3.3.1 Heat transfer distribution at leading
edge

The leading edge of vane experiences
very high load, there are some regions with a
higher heat transfer than others. Fig. 23
illustrates the distribution of Stanton number at
the leading edge junction flat plate endwall
junction. Stanton numbers begins to increase
dramatically at a location upstream of the
leading edge vane approximately 15% of the
chord X/Cy= - 0.15. It is related to the position
where the flow separates from the endwall,
which occurs at approximately X/C, = -0.12,
the heat transfer continues to increase till the
flow approaches the vane. The leading edge and
endwall platforms of the vanes are areas with
highest thermal loads for two reasons; firstly,
the vertical flows increase the transport of
relatively hot flow from the mid-span towards
the endwall juncture. Second, because the
platform is affected by secondary flows, it
experiences an increase in heat transfer
coefficients, Radomsky and Thole, 2000.
Stanton number levels decrease as the thermal
boundary layer thickens and then increases as
the stagnation region is approached .The high
heat transfer rates in this region are consistent
with the horseshoe vortex, where formulation of
vortex system in this region increases with
mixed process. The trend of the results was in
consistent with measurement of Radomsky and
Thole, 2000.

One can notice that, the high heat transfer
regions at leading edge with the stagnation
region near leading edge of the vane, the highest
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Stanton number values occur nearest to the vane
surface .This peak value occurs because the
secondary flows bring the high speed
mainstream fluid down towards the endwall,
thereby thinning the boundary layer .

—Riblet effects on the heat transfer
structure

Fig. 24 shows the main effect of riblet
sheet at upstream vane on distribution of heat
transfer. The figure shows that the location of
very hot spots is shifted away from leading edge
to another location in the passage that lead to
weaken the heat load on the front of leading
edge .The riblet controls the flow direction
through reducing the turning angle of hot stream
toward the endwall. Reduction in heat transfer
rate in the leading edge and endwall is obtained
by using of riblet surface.

3.3.2 Endwall junction heat transfer
distribution

-Stanton number, (St) distribution at
endwall

The heat transfer coefficients given in
Fig. 25 represents in terms of a non-dimensional
Stanton number stx1000. In the region upstream
of the vanes, a high heat transfer region is
occurred between the stagnation point and the
reattachment point of the flow on the suction
side of the airfoil where the Stanton number is
reached to the value of 4.5.This is the area
which experiences a very high acceleration. But
the local Stanton number dropps approaching
the separation point, as the flow moves through
the passage .It is apparent that the location of the
peak Stanton numbers peak heat transfer is
being swept from the outer pressure surface
towards the suction side of the central vane
causes high heat transfer along the suction side
of vane. The favorable static pressure gradient,
which moves away from the stagnation region
and the pressure surface, tends to drive the
separation line for the inlet boundary layer
toward the suction surface.

This lowest heat transfer region is
contained with the convergence of the
separation streamline from suction surface leg of
the horseshoe vortex and the separation
streamline due to the roll up of the pressure
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surface leg of the horseshoe vortex by the
passage vortex.

Downstream from the trailing edge of the
vanes, the influence of the wake is appeared on
the endwall heat transfer with lower value on the
pressure surface than the trailing suction
surface.

- Riblet effect on Stanton number, (St)
distribution

Fig. 26 illustrates the effect of riblet on
distribution of Stanton number on endwall
junction. With riblet surface, the distribution of
Stanton number changes upstream of leading
edge where the riblet surface has low heat
transfer rate which leads to decrease heat
transfer in region very close to leading edge
endwall junction. The riblet shifts the location of
high heat transfer to points furthest from
junction .High heat transfer rates are still
presented in the stagnation region and
downstream from the trailing edge of the vane
but the effect of the separation streamline is not
apparent.

4. CONCLUSIONS

1-The effect of secondary flow on endwall
junction flow extends up to 23%H from span
height and 35 % C,, upstream leading edge.
2-The drag reduction produced by riblet is
proportional to their sizes. These sizes represent
height h, space s and riblet cross-section area.

3- The maximum drag reduction obtained is
2.7% for the V-groove riblet type which has a
height h=1.35 mm, space s=2.26mm and peak
angle of 80". The other sizes have lower drag
reduction.

4-The effect of riblet causes a reduction of

secondary flow formation in the region very
near to the endwall junction as well as a
reduction in the average of secondary flow
formation near pressure side.

5-Significant effects of riblet endwall on
pressure distribution in hub from leading edge to
trialing edge are observed. The riblet reduces
cross-flow from pressure side to suction side
and leads to weaken of secondary flow
formation.
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6-With riblet there is an increase in momentum
in the region very close to leading edge endwall
junction in turn leads to move stagnation point
to location close to leading edge.

7- A maximum reduction in average heat
transfer near the leading edge-endwall juncture
is obtained. The riblets shift the location of high
heat transfer to upstream furthest from junction
While; a little reduction is obtained in the
downstream portion of the passage.

8-The amount of heat transfer reduction in the
leading edge is due to reduction in secondary
flow formulation at leading edge junction.

9-The riblet surface controls the flow direction
in the boundary layer and reduces the thickness
of boundary layer by increasing the momentum
in streamwise direction.

5- Nomenclatures

Cax axil chord (mm)

h  locale heat transfer coefficient .
I current (A).

K; surface thermal conductivity .
k-o turbulent model.

LDV laser Doppler velocimeter.

R reynolds number.

SST shear stress transport.

Too locale free stream temperature (K).
T locale wall temperature (K).

u axil velocity component in X-direction
(mf/s).

U, free stream velocity (m/s).

V voltage (V).

p density (kg/m®).

IGV Inlet guide vane.

Cq drag coefficient .

C: skin- friction coefficient

T w Wall shear stress.

C, static pressure coefficient .

T, turbulent intensity (%)

qw Wwall heat flux.

vAa
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Tetrahedral Element

Triangular Element

Element type : Triangle 6 node Element type : Tetrahedral 10 node

(a) (b)

Figure 4. (a)Triangular elements type, (b)
Tetrahedral elements type.

Pressure Outlet B.C|

I |
Pressure side i suction side

Figure 2. Facility of model with one ] )
passage on inlet guide vane. Figure 5. Fine mesh near the nozzle vane-

endwall junction surface.

Figure 3.Vane airfoil profile by use of
Gambit program.
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Vane
03 Mo.1l h=2 ,s=4
- - - 0.2 1 Mo.2 h=2,5=3.35 _ _Totalvaneand endwall
Tablel.Dimensions of guide vane of gas o 04 Mo3h=2,5-2.8 vene
power plant (unit PG9171E). 505 _ Bhfnl;'s he2.s23 . o
é 038 1 - 1 _Bg--=
- 1 ] -
1 | Span or vane height (H) 210 mm w
5127
2 | Pitch or vane spacing (S) 175 mm 1: ] .
3 | Chord length (C) 280 mm Y 05 0.6 07 08 0.9 1 11
4 | Axial chord length (Cy) 145.12 mm Ratio hjs
5 | Inlet flow angle (p;) 0° degree
6 | Outlet flow angle (f,) 728" degree Figure 6. Drag reduction for different ratio
7 | Stagger angle (L) 56.4° degree h/s at (h=2mm).
8 | Inlet velocity ( Ug) 19 m/s -
- 0 . 07 Mo.6 h=168 s=3.36 ,
9 | Inlet turbulent Intensity (T,) 30 % R Mo hoids o2 ™ -_Total vane and endwall
10 | Chord Reynolds number (Re) | 3.38853x10° 05 Mo.8 h=168 5-2.35 Vane
11 | Length of suction side (Lss) 334 mm 3, Mo.9 h=168,5=1.94 11
: & Mo.10 h=1.68 ;s=167
12 | Length of pressure side (Lps) | 275 mm o s ‘
1.5
g
.2 -
Table Y. Riblet models dimensions. 25 1
3 r T T T T T "
Riblet }f]’:"' Height aP:g"I': Space | Ratio 40 %0 07 RaiPhs O ! -
configuration ®mm | (g)degree | mm | W Figure 7. Drag reduction for different ratio
A Mol | 2.00 90 300 | 0.500
%ﬁﬁx Mo2 | 2.00 80| 335 |03% (h/s) at (h=1.68mm).
: Mo3 | 2.00 70 280 [0714
Space s Mod4 | 2.00 60 230 | 03869
. Mo.3 | 2.00 33 2.00 |1.000 0 Mo. 11 h=1.35,5=2.7
Height (h) Mo6 | 168 90 336 | 0,500 Mo13 het35, 2226 o o 100 Vf,';:"d endwall
Mo7 | 168 80 282 0595 L 0s Mo.13 h=1.35,s<1.89
Mo8 | 168 70 235 [0714 = Mo.14 he35 sel 55
Mo9 | 168 60 194 | 0369 S 1 015 hol 35 et 35 -
Mo.10 | 168 53 1.67 | 1.000 E %% T _ -0 11
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Table 3. Maximum effect of riblet on drag
and heat transfer at peak angle(80°).

Total

Vol | Heght | Spaee | Rafio | Aifoildrag | NI | Stanton
No. | (hmm) | (smm) | s | reduction % reducion | womber
(DR)% | reduction

(st x1000)%

Mo2 | 200 | 335 [ 0395 | -LI§ 140 -180
Mo7 | 168 | 282 | 0395 | -200 15 14
Mod2 | 133 | 226 | 0395 | -213 200 210
Mod7 | 123 | 210 | 0395 | -LT0 20 530
Mo22 | 100 | 167 | 0395 | -L73 22 08

AY

Figure 12.Velocity vector at the leading
edge endwall junction without riblet.

Stagnation point

Figure 13. Velocity vector at the leading
edge.
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Figure 14.Streamline show horseshoe vortex at endwall junction with riblet.
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Figure 15.Velocity contour at the leading edge junction with riblet.
without riblet.
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Figure 22. Contour of static pressure
coefficient distribution on the endwall
junction for gas turbine nozzle guide vane
with riblet upstream leading edge.
Figure 20. Scondary flow vector and contour in A-Filled contour, B-Line contour.

upstream vane endwall junction.

Figure 21.Contour of static pressure coefficient
distribution on the endwall junction for gas
turbine nozzle guide vane without riblet. A-

Filled contour, B-Line contour.
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Figure 23.Stanton number distribution at the
leading edge without Riblet.
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Figure 25.Stanton number distribution on the
endwall junction without riblet.

Figure 24.Stanton number distribution at the
leading edge with Riblet.
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ABSTRACT

The residual limb within the prosthesis, is often subjected to tensile or fatigue stress with varying
temperatures. The fatigue stress and temperatures difference which faced by amputee during his daily
activities will produces an environmental media for growth of fungi and bacteria in addition to the
damage that occurs in the prosthesis which minimizingthe life of the prosthetic limb and causing
disconfirm feeling for the amputee.

In this paper, a mechanical and thermal properties of composite materials prosthetic socket made of
different lamination for perlon/fiber glass/perlon, are calculated by using tesile test device under
varying temperatures ( from 20°C to 60°C), also in this paper a device for measuring rotational
bending fatigue stress under varying temperatures was designed, manufactured, and calibrated ( this
device is not available in Irag), to achieve S — N curves for different lamination of perlon/fiber
glass/perlon composite materials of prosthetic above knee socket.

In this paper, the mechanical and thermal properties set ( E, oy, ou, K, and o ) results of the above
composite materials are decreased when the temperatures are increased.

The S—N curves results of rotational bending fatigue for these lamination of composite materials are
decreased when the temperatures are increased,also the endurance limit stresses (ce) are decreased
with the increasing of number of perlon, and increasing temperatures, generaly after about 10 cycles.

Key words: socket materials, tinsile test, fatigue stress, mechanical and thermal properties.
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Experimental Study for Materials Prosthetic above
Knee Socket under Tensile or Fatigue Stress with
Varying Temperatures Effect
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1. INTRODUCTION

A limb prosthesis can be prescribed an
attempt to replace the lost functionality of an
absent limb as a result of amputation or a birth
defect. The lower limb prosthesis is generally
used to aid much basic functions such as
standing and  walking (Lafortune, and
Henning, 1992).

In general, prosthesis for individuals with
above knee amputation are comprised of four
major components specifically: a socket
interface to the residual limb, a knee joint, a
shank, and foot assembly as illustrated in
Fig.1, (Lafortune, and Henning, 1992).

The study of tensile or fatigue failure under
varying temperatures is very complex. The
fatigue performance of a materials is
determined by testing a number of similar test
specimens at different levels of maximum
stress and with either a complete reversal of
stress of a lower stress of zero.

A more recent study evaluating the fatigue
testing of energy storing prosthetic feet by
(Tohetal., 1993).

Van et al. 1995, understood the mechanical
properties of the prosthetic foot on different
aspects of gait and briefly attempted to
explain how a difference in stiffness and
hysteresis of the prosthetic foot would alter
the gait cycle.

Zhichao, 2007,carried out high temperature
stress controlled tests for interaction behavior.

AA

Four fatigue — creep fracture character maps
have been established. It was found that the
fracture life will decrease rapidly and the
fracture ductility will reach its minimum.

The manufacturing of above knee
prosthesis by using different weighted
materials such as perlon, nylon, carbon fiber,
and fiber glass which was used in design and
manufacturing the above knee prosthetic
socket by a lamination consisting of a mixture
of some of these materials embedded with an
acrylic resin (Dianyin, and Ronggia, 2009)
and (Pierce, 2010).

2.EXPERIMENTAL WORKS

The work steps of this work will be
summarized as:

a) Materials part which describing the method
of manufacturing socket made of perlon/fiber
glass/perlon from different four laminations
lay- up (3-2-3, 4-2-4, 5-2-5, and 6-2-6)
respectivily.

b) Preparing dies to make about (20) different
standard flat specimens from different four
laminations of composide said in para.(a), for
testing by static digital tensile device under
varying temperatures (from 20°C to 60°C),to
calculate a mechanical and thermal properties
of these materials specimens.

c) Design and manufacturing a rotational
bending fatigue stress under varying
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temperatures device for measuring (S — N )
curves.

d) Making about (250) different standard
hollow circular specimens from different four
laminations of composite said in para. (a), for
testing by a device validity of para. (c), to
achieve  S-N  curves under varying
temperatures ( from 20°C to 60°C).

2.1Materials

In this work, the materials needed in the
lamination of the above knee socket are as
follows and shown in Fig.2.

a) Perlon stockinet white ( Ottobock health
care 623 T3).

b) Fiber glass stockinet ( Ottobock health care
616 G3).

¢) Lamination resin (80:20) polyurethane
proterhand icap technology).

d) Hardening powder ( Ottobock health care
99 B71).

e) Materials for Jepson mold.

2.2 Procedure of Laminations

All laminations were performed under
vacuum with the following procedures:

a) Mount the positive mold at the laminating
stand.

b)Put the perlon stockinet and fiber glass
stockinet according to the laminating lay up
given in Table 1.

¢)Mix the lamination resin 80:20 polyurethane
with the hardener.

d)Maintain constant vacuum until the
composite materials becomes cold and then
lift the resulting lamination as shown in Fig.
3.

Volume 20 2014

A4

Journal of Engineering

2.3Tensile  Test
Temperatures

under  Varying

The tensile specimens were machined at
the(Baghdad Center for Prosthetic and
Orthotic Workshop). Twenty samples for each
lamination were machined according to
ASTM D638 (zZhichao, 2007), with 80mm
original length and 13mm the width, while
thickness varied with the type of the lay-up,
these samples as shown in Fig. 4.

All the specimens were tested by using the
universal testing instrument for tensile under
varying temperatures (from 20°C to 60°C), to
find mechanical and thermal properties of
different composite laminations said in Table
1. These specimens are tested in the Materials
Laboratories of the Ministry of the Science
and Technology. Fig.5 shown specimen under
tensile test with and without temperatures, and
Tables 2, and 3 give the mechanical and
thermal results.

2.4Design and Calibration of Rotational
Bending Fatigue Device

The main parts of the rotational bending
fatigue under varying temperatures as shown
in Fig. 6 are:

a) Electric speed change motor.
b) Digital speed controller.

c) Rotational shaft with bearings.
d) Drill chuck.

e) Electronic stress meter.

f) Thermal chamber.

g) Thermometer control gauge.
h) Tachometer.

i) Change level frame.

j) Proximity sensor.

This device has been calibrated by the
Central Organization for Standared Dization
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and Quality Control at room temperature
(20°C), with error rate about (7%).

2.5Rotational Bending Fatigue Test
under Varying Temperatures

The rotational bending fatigue specimens
were machined at the (Baghdad Center for
Prosthetic and Orthotic Workshop) according
to ASTM D1043-02.Two hundred fifty
samples for each lamination were machined
according to the ASTM D638, with 100mm
original length while diameter varied with the
type of the lay up, these samples as shown in
Fig.7.

All the specimens were tested by using a
rotational bending fatigue under varying
temperatures (from 20°C to 60°C) device as
design, manufacturing, and calibrating in this
study ( this device is not available in Iraq) as
shown in Fig. 6. These specimens are tested
at the Strength of Materials Laboratory of
Baghdad University/College of Engineering
/Mechanical Department, and the S — N
curves results for different laminations with
varying temperatures as shown in Figs. from
8to012

3.RESULTS
DISCUSSION

The mechanical and thermal properties
results of each sample as shown in Tables 2,
and 3 can be calculated and by taking the
average value of these properties ( E, oy, our,
K, and o) under varying temperatures (from
20°C to 60°C), these properties results for all
laminations, with constant fiber glass layer in
the lamination, the mechanical properties ( E,
and K) are increasing with the increasing
perlon layers at constant temperature,
especially for high number of perlon layers,
also the mechanical and thermal properties
(oy, ou, and o) are decreasing with the
increasing perlon layers, especially for high
number of perlon layers at constant

ANALYSIS AND
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temperature. While in general for all
laminations, the mechanical and thermal
properties are said above are decreasing with
the increasing temperatures.

The S — N curves results of each sample as
shown in Figs. from 8 to 12 can be calculated
and by taking the average value of the failure
stress with number of cycles under varying
temperatures ( from 20°C to 60°C), these S —
N results for all laminations, with constant
fiber glass layer in the lamination, the failure
stress results are decreasing with the
increasing perlon layers, while the number of
cycles to reach the failure points are
increasing with the increasing perlon layers at
constant temperature. Also, from the S — N
curves results as shown in Figs. from 8 to 12,
for all laminations, the failure stresses are
decreasing and the number of cycles to
reached to the failure points are increasing
with the increasing temperatures.Also, Table
4 shows the results of endurance stress limit
for laminations under varying temperatures,
from these results the endurance limit stresses
(o) are decreased with the increasing of
number of perlon, and increasing
temperatures.

4.CONCLUSIONS

In this paper, the
summarized conclusions:

following mean

1)When the temperatures are increased, the
mechanical and thermal properties are
improved with the decreasing of number of
perlon with two fixing layers of fiber glass.

2)When the number of perlon layers are
increased, the mechanical properties ( E, and
K) are clearly improved with two fixing layers
of fiber glass, at constant and changed in
temperatures.

3)The mechanical and thermal properties ( oy,
ow, and o) are decreased when the
temperatures are increased for all laminations.
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4)The failure stresses are decreased and the
number of cycles to reach the failure points
are increased when the temperatures are
increased for all laminations.

5)The endurance limit stresses (ce) are
decreased with the increasing of number of
perlon, and increasing temperatures.

6)The maximum error difference in results at
room temperature (20°C) between a rotational
bending fatigue is designed in this paper with
the same standard device are about 7%.

7)A good conformability between the
mechanical properties results of this work
with these of the Reference [9] results at room
temperature  (20°C), with  maximum
differences about 5%.

8)A good agreement between the S-N curves
results at room temperature (20°C) of a
device in this work with that in the Central
Organization for Standared Dization and
Quality Control, with error rate about (7%).

5. REFERENCES

Alaneme, K. K., 2011, Design of a Cantilever
Type Rotating Bending Fatigue Testing
Machine', Akure, PMB 704, Nigeria, Vol. 10,
No. 11, PP. 1027-1039, (this paper from
IVSL).

Dianyin, H., and Ronggiao, W., 20009,
Experimental Study on Creep — Fatigue
Interaction Behavior of GH4133B Super
Alloy', Volume 515, Issues 1-2, 25 July, PP.
183-189.

Dunmin, L., Daoxiang, G., Tian, Y., and
Aiping X., 2011, Mechanics and Dynamics of
Active and Passive Knee Joint of Above Knee
Prosthesis’, IEEE, (this paper from IVSL).

Lafortune, M. A., and Henning, E. M., 1992,
Cushioning Properties of Footwear During

Volume 20 2014

Q)

Journal of Engineering

Walking : Accelerometer and Force Platform
Measurements', No.7: PP.181-184.

Muhsin, J. J., Shaker, S. H., and Jumaa, S.
CH,, 2009, Analysis and Design
Optimization of the Above Knee Prosthetic
Socket', Thesis.

Pierce, C. J., 2010, Creep and Fatigue
Interaction in the PWA1484 Single Crystal
Nickel — Base Alloy',\VVolume 527, Issues 29-
30, 15 November, PP. 7484 — 7489.

Toh, S.L.,GohJ.C.H.,, TanP. H. and Tay T.
E., 1993, Fatigue Testing of Energy Storing
Prosthetic Feet'. Prosthetics and Orthotics
Internationl No.17: PP.180-188.

Van Jaarsveld, H. W. L., Grootenboer, H. J.,
De Vries, J., and Koopman, H. F. J. M., 1995,
Stiffness and Hysteresis Properties of Some
Prosthetic Feet'. Prosthetics and Orthotics
International No.14:PP. 117-124.

Zhichao, F., 2007, Fatigue-Creep Behavior of
1.25 Cr 0.5 Mo Steel at High Temperature
and its Life Prediction’, International Journal
of Fatique, Vol.29, Issue 6, June, PP.1174-
1183.



Hatem Rahim Wasmi Experimental Study for Materials Prosthetic above
Jumaa Salman Chiad Knee Socket under Tensile or Fatigue Stress with

Adawiya Ali Hamzah Varying Temperatures Effect

Socket

Shank
oot a) without temp. b) with temp.
Figure5.Tensile test device without and with
Figurel.The prosthesis components temperatures.

(Lafortune, and Henning).

Acrylic
" Resion

Cup f

motor. shaft with frame.
bearings.

Figure3. Positive mold before and after
lamination lay-up.

Figure6. Parts and device of rotational
bending fatigue under varying temperatures.

Figure4. Tensile test specimens.

Figure7. Rotational fatigue test specimens.
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Table 1. Laminations lay-up.

No. of | Lay No. of | Thickness Description layers

lamination | up layers (mm)

1 3-2-3 | 8 241 (3Perlon+2fiber glass+3perlon)

2 4-2-4 | 10 2.92 (4Perlon+2fiber glass+4perlon)
3 5-2-5 | 12 2.96 (5Perlon+2fiber glass+5perlon)
4 6-2-6 | 14 3.37 (6Perlon+2fiber glass+6perlon)

Table 2. Mechanical properties results for all laminations.

T No. of | Lay- | oyield | cultimate | Modulus | Stiffness Poisson's
(C° | lamination | up (Mpa) | (Mpa) of K(N/mm) | ratio(v)
elasticity
E(Mpa)
1 3-2-3 | 58.2 73.1 0.857 1317.3 0.390
20 2 4-2-4 | 41.2 50.3 0.924 1602.8 0.371
3 5-2-5 | 374 455 0.979 1841.7 0.362
4 6-2-6 | 33.9 44.8 1.027 2121.3 0.353
1 3-2-3 | 57.2 72.2 0.843 1309.2 0.383
2 4-2-4 1 40.1 48.3 0.911 1600.2 0.368
30 3 5-2-5 |36.9 441 0.965 1840.3 0.356
4 6-2-6 | 32.2 42.7 1.011 2119.1 0.348
1 3-2-3 | 56.6 71.6 0.821 1301.3 0.381
40 2 4-2-4 | 39.4 46.5 0.903 1593.7 0.367
3 5-2-5 | 358 42.5 0.933 1821.5 0.354
4 6-2-6 | 314 414 1.007 2101.8 0.347
1 3-2-3 | 54.2 69.3 0.803 1295.8 0.380
50 2 4-2-4 | 36.5 442 0.888 1585.0 0.366
3 5-2-5 | 319 41.1 0.912 1812.7 0.353
4 6-2-6 | 29.8 40.2 0.882 2088.1 0.345
1 3-2-3 |51.8 |654 0.794 1278.3 0.374
60 2 4-2-4 | 34.2 42,8 0.834 1501.4 0.364
3 5-2-5 304 40.2 0.905 1773.0 0.352
4 6-2-6 | 27.5 38.4 0.977 1997.2 0.343

q¢
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Table3. Coefficients of thermal expansions
results (o) for laminations with different

temperatures (AT).
No. of | a(1/C°% o

laminations *10® AT(C)
3-2-3 3.24
4-2-4 2.81
505 266 from 20 to 30
6-2-6 2.45
3-2-3 3.11
4-2-4 2.78
505 263 from 20 to 40
6-2-6 2.43
3-2-3 3.08 | from 20 to 50
4-2-4 2.76
5-2-5 2.62
6-2-6 2.39
3-2-3 3.02
4-2-4 2.74
5.5 260 from 20 to 60
6-2-6 2.37

q0
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Table4.Endurance stress limit results (oe)
with varying temperatures (T).

No.

of

laminations

Endurance
stress limit
GCe (Mpa)

Temperatures
(C)

6-2-6

3-2-3
4-2-4
5-2-5

15.0
7.20
6.20
4.10

20

3-2-3
4-2-4
5-2-5
6-2-6

12.6
4.30
3.20
2.50

30

3-2-3
4-2-4
5-2-5
6-2-6

7.80
2.90
2.10
1.80

40

3-2-3
4-2-4
5-2-5
6-2-6

2.0

1.60
1.20
0.60

50

3-2-3
4-2-4
5-2-5
6-2-6

1.60
1.40
0.80
0.40

60
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An Experimental Study of the Effects of Coolant Fluid on Surface Roughness
in Turning Operation for Brass Alloy
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ABSTRACT

The effect of different cutting fluids on surface roughness of brass alloy workpiece during turning

operation was carried out in this research. This was performed with different cutting speed,while

other cutting parameters had been regarded as constants(feeding rate , and depth of cut). Surface

roughness of machined parts that will be tested by electronic surface roughness tester .The

results show that the standard coolant gives the best values of surface roughness for fixed cutting

speed ,followed by sun flower oil that has approximately the same effect, while the air stream as

a coolant gave unsatisfied results for the evaluation of surface roughness.

In the other hand the best values of surface roughness were recorded for maximum cutting speed
with all other types of cutting fluids.

Keywords: turning operation ,cutting speed ,cutting fluid ,surface roughness
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1. INTRODUCTION

The machining processes have an important
place in the traditional production industry.
Cost  effectiveness of all machining
processes has been eagerly investigated. This
is mainly affected selection of suitable
machining parameters like cutting speed,
feed rate and depth of cut according to
cutting tool and workpiece material. The
selection of optimum machining parameters
will result in longer tool life, better surface
finish and higher material removal rate.
During machining process, friction between
workpiece-cutting tool and cutting tool-chip
interfaces cause high temperature on cutting
tool. The effect of this generated heat
decreases tool life, increases surface
roughness and decreases the dimensional
sensitiveness of work material. This case is
more important when machining of difficult-
to-cut materials, when more heat would be
observed, M.B. Da Silva ,1998. Various
methods have been reported to protect
cutting tool from the generated heat.
Choosing coated cutting tools are an
expensive alternative and generally it is a
suitable approach for machining some
materials such as titanium alloys, heat
resistance alloys etc. The application of
cutting fluids is another alternative to obtain
higher material removal rates. O. Cakir and
etal,2007.

Cutting fluids consist of those liquid and
gases that are applied to the tool and the
material being machined to facilitate the
cutting operation.Vast quantities are used
annually to accomplish a number of
objectives: 1-To prevent the tool from
overheating , i.e. so that no temperature is
reached where the tool,s hardness and
resistance to abrasion are reduced, thus
decreasing the tool life. 2- to keep the work
cool so preventing machining that results in
inaccurate final dimensions . 3- To provide a
good surface finish on the work. 4-To wash
away the chips / clear the swarf from the
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cutting area . 5- To prevent corrosion of
work , the tool and machine(University of
Pretoria) .

Surface roughness is a commonly encountered
problem in machined surfaces. It is defined as
the finer irregularities of surface texture,
which results from the inherent action of the
production process. Consequently, surface
roughness has a great influence on product
quality,Mohd Zulhilmi,2010.

The product quality depends very much on
surface roughness. Decrease of surface
roughness quality also leads to decrease of
product quality. In field of manufacture,
especially in engineering, the surface finish
quality can be a considerable importance that
can affects the functioning of a component,
and possibly its cost. Surface roughness has
been receiving attention for many years in the
machining industries. It is an important design
feature in many situations, such as parts
subject to fatigue loads, precision fits, fastener
holes and so on. In terms of tolerances, surface
roughness imposes one of the most crucial
constraints for the machines and cutting
parameters selection in process planning,
Mohd Zulhilmi,2010.

Dry machining means machining the material
without any fluids at all, and only atmospheric
air surrounding the cutting zone. Dry
machining is elimination on the use of cutting
fluids. The interest in dry machining is often
related to the lower cost, healthy issues and
environmentally friendly .

Dry machining requires less power. Cutting
dry, the chips will move across the rake face of
the tool and so take the point of maximum heat
a way back from the tool tip. The tool will get
hot, but there is a larger bulk of tool in which
to dissipate the heat. In dry machining,
bringing the point of maximum heat much
closer to the point of cut where there is less
material to conduct away the heat; the tool life
decrease, Fig.1 shows an example on dry
machining, Mohd Zulhilmi,2010. In wet
machining, both the tool and the workpiece are
cooled using large quantities of lubricant. The
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coolant is subsequently cleansed and used
again, Fig.2 shows an example on wet
machining , Rohaida ,2008.

Raviraj Shetty,et al studies acomparative
experiments were carried out in cutting
AA6061-15v0l.%SiC (25 pm particle size ),
with cubic boron nitride insert KB-90 grade
under conditions of compressed air, oil water
emulsion-steam as coolant and lubricant,and
dry cutting, respectively. The experimental
results show that, with steam as coolant and
lubricant ,the friction coefficient and surface
roughness value are decreased respectively,
Raviraj Shetty,etal,2008.

Mohd Zulhimi bin Rifin studied minimum
quantity of lubrication (MQL) in machining is
an established alternative to completely dry or
flood lubricating system from the viewpoint of
cost, ecology and human health issues. Hence,
it is necessary to select MQL and cutting
conditions in order to enhance machinability
for a given work material. This thesis
describes experimental investigations on
influence of different lubrication conditions
such as minimum quantity lubrication (MQL),
dry machining and wet machining on surface
roughness. The surface roughness was
examined with Perthometer. Three different
materials had been chosen as work material.. It
was found that, minimum quantity lubricants
produced better surface finish as compared to
dry and wet machining. The result can
significantly reduce cost and environmental
pollution by wusing minimum quantity
lubrication, Mohd Zulhimi,2010.

*L B Abhang and M. Hameedullah, 2010 used
minimum quantity of lubrication of boric
acid mixed with base oil SAE 40 has proved
to be a feasible alternative to the
conventional cutting fluid. In the present
work 10% boric acid by weight mixed with
base oil SAE 40 is used as a MQL in turning
process. Variations in cutting (lubricant)
force, cutting temp, chip thickness and
surface roughness are studied under different
machining conditions. The results indicated
that there was a considerable improvement
in machining performance with MQL
assisted machining compared to dry
machining, L B Abhang,2010.
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Ahmad Dziauddin bin Mohamed, 2010,
investigated the different cutting tool length
parameter effect of surface roughness in CNC
Turning boring operation for an aluminium
6061 workpiece. A fractional factorial design
is use to evaluate the effect of five (5)
independent variables (cutting speed, feed rate,
depth of cut, tool length and diameter of
boring bar) on the resulting first cut surface
roughness (Ra). This study found that using
short tool length always produce a good
surface roughness and that only slight
improvement on surface roughness can be
achieved by properly controlling the cutting
parameters and/or the diameter size of boring
bar.
Suleiman Abdul-kareem, et al.,2011,
investigated the influence of the three most
important machining parameters of depth of
cut, feed rate and spindle speed on surface
roughness during turning of mild steel. The
individual parameters effect as well as effect
of interactions between the machining
parameters on the surface roughness height
Ra is analyzed using various graphical
representations. Using multiple linear
regressions, mathematical models correlating
the influence of machining parameters on the
surface roughness Ra during the machining
process were developed.

2. SELECTION OF SUITABLE
CUTTING FLUIDS

The selection of cutting fluids in machining
processes depends on various factors. The
selection of cutting fluids is carried out
according to factors mentioned below:
a. Type of machining processes
b. Type of machined workpiece material
c. Type of cutting tool material
The most important parameter in the
selection of cutting fluids is the
characteristics of machining process.
In turning, milling and grinding machining
processes water based cutting fluids are
more suitable due to using new cutting tool
materials such as hard metals and high
cutting speeds. The contact period between
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Cutting tool and workpiece material is small
when high cutting speeds are used.
Therefore penetration of cutting fluid will
not be sufficient. The type of crater wear on
cutting tool can be seen more oftrn. Water
based cutting fluids will reduce the effect of
generated heat on cutting tool wear, S.
Ebbrell et al,2000.

The other factor for selection of suitable
cutting fluids in machining processes is the
type of workpiece material. The application
of emulsion cutting fluids or thin mineral
oils should be selected for copper and copper
based alloys machining. High pressure
additive cutting oils are preferred for brass
machining ,S. Ebbrell,et al,2000.

The third influential parameter for selection
of cutting fluid in machining processes is the
cutting tool material. Various cutting tool
materials are commercially available for all
kind of machining processes. High speed
steel cutting tools can be used with all type
of cutting fluids. However waterless cutting
fluids are preferred when difficult-to-cut
materials are machined.

3.EXPERIMENTAL WORK

In this research , a series of experiments was
done to study the effect of cutting speed and
type of lubricants on resulting surface quality.
The turning machiene in workshop was used
with brass alloy workpeice material chemical
composition shows in Table 1, dimension of
the workpeice was 10mm diameter) Y+ xmm
. Carbide tools was used in the machining
trials.see Fig .3.

The cutting speed were chosen that ranged
from the available on the machiene in three
levels as shown in Table 2, only one level of
feed rate 0.2mm and depth of cut was applied
to the limited effect of the axial depth of cut on
the surface roughness in the turning operation.
Six types of conditions were chosen in turning
trials: dry condition ,wet condition contains:
water, soluble water water and soap solution in
percentage (3) soap to (10) water , sun flower
oil, standard coolant , and air stream. For
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every condition of cutting we use the variable
values of cutting speed to examine the effect
of the cutting fluids with cutting speed on
surface roughness .

After turning operation was accomplished
the work piece had been taken to measure its
surface roughness by Electronic surface
roughness tester as shown in Fig. 4. The
measuring device was calibrated with the
standard sample.

The readings of each measured value are
repeated three times and the average was
taken.

4. RESULTS AND DISCUSSION

The surface roughness of the machined
pieces was recorded, (Ra) this
parameter is known as the arithmetic
mean roughness value, AA(arithmetic
average)or CLA(center line
average).Ra is universally recognized
and the most used international
parameter of roughness, Dr.Mike et
al,1998.
a. Cutting speed affecting on surface
roughness:
Figs. 5 to 10 show the surface roughness for
dry,water,soulable water,oil ,Standard
coolant,and air stream for brass alloy turning
respectively. It was clearly revealed that in
every condition decrease in surface roughness
with increase in cutting speed, because it is
generally well known that an increase in
cutting speed improves machine ability. This
may be due to the continuous reduction in the
build up edge formation as the cutting speed
increases, Mohammad T.Hayajneh, et al.,
2007,

b. Coolant affecting on surface roughness
Figs. 11 to 16 show the relation ship between
the surface roughness and cutting fluid in
every cutting speed . It was noticed that the
maximum reduction in surface roughness was
observed to be in standard coolant condition ,
followed it the sun flower oil , after these the
soluble water . This is because the reduction
metal cutting forces. The decrease in surface
roughness due to standard coolant can be
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considering interest lubricating properties; this
reduces frictional forces at the chip-tool
interface and tool work piece interface. This
decrease the temperature at the cutting zone
and results in surface quality improvement.

5. CONCLUSIONS

In this study, the effected of cutting fluid
on surface roughness has been carried out .
The surface roughness has been recorded by
surface roughness measurement device, the
following conclusions can be drawn:

1. The standard coolant is found to
be the best choice of cutting fluid
to obtain finer surface roughness,
followed by sun flower oil that
has the same affecting, so it can
be use the sun flower oil instead
of standard coolant to give the
same results with lowest cost .

2. Machining with high cutting
speed decreases the surface
roughness with all types of
cutting fluids ,and with dry
cutting ,too.

3. The best results of surface
roughness has been obtained with
(2200 rpm) ,standard coolant |,
this value is (.125 um).
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Table 1. Chemical composition of alloy .

Items Cu Al Fe Pb Ni Si Sn Zn

Percentage | 58 .8 v 15 .8 05 | 12 36

Table 2. Cutting parameters.

Cutting
parameters

Feed (mm) 0.2
Speed (RPM) | 325 | 420 | 575 | 925 | 1400 | 2200

Table 3. Surface roughness of machined pieces in variable conditions.

. speed Ra . speed Ra

Condition level (ngm) (um) condition level (Igpm) (1)
B 325 13.32 B 325 2.421

C 420 10.52 C 420 1.652

A 575 6.22 A 575 1.141

DRY A 925 4.75 OlL A 925 0.882
C 1400 3.54 C 1400 0.661

C 2200 2.33 C 2200 0.432

B 325 8.95 B 325 0.736

C 420 6.64 C 420 0.4995

A 575 4.134 A 575 0.338

WATER A 925 3.182 S.COOLANT A 925 0.264
C 1400 2.346 C 1400 0.202

C 2200 1.556 C 2200 0.125

B 325 6.211 B 325 11.145

C 420 4.659 C 420 8.353

WATER A 575 2.845 AIR A 575 5.175
&SOAP A 925 2.12 A 925 3.94
C 1400 1.634 C 1400 2.956

C 2200 1.083 C 2200 1.954
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Figure 3 .Turning machiene with work piece.

Figure 4. Electronic surface roughness tester.
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ABSTRACT

A Strength Pareto Evolutionary Algorithm 2 (SPEA 2) approach for solving the multi-objective
Environmental / Economic Power Dispatch (EEPD) problem is presented in this paper. In the past fuel
cost consumption minimization was the aim (a single objective function) of economic power dispatch
problem. Since the clean air act amendments have been applied to reduce SO, and NOx emissions from
power plants, the utilities change their strategies in order to reduce pollution and atmospheric emission
as well, adding emission minimization as other objective function made economic power dispatch
(EPD) a multi-objective problem having conflicting objectives. SPEA2 is the improved version of
SPEA with better fitness assignment, density estimation, and modified archive truncation. In addition
fuzzy set theory is employed to extract the best compromise solution. Several optimization run of the
proposed method are carried out on 3-units system and 6-units standard IEEE 30-bus test system. The
results demonstrate the capabilities of the proposed method to generate well-distributed Pareto-optimal
non-dominated feasible solutions in single run. The comparison with other multi-objective methods
demonstrates the superiority of the proposed method.

Keywords: genetic algorithm, multi-objectives optimization, power generation dispatch, power
generation economic, pareto distributions
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1. INTRODUCTION

The objective of Economic Power Dispatch EPD of
electrical power system is to schedule the committed
generating unit outputs so as to meet the load demand
plus real power transmission loss at minimum
operating cost while satisfying all units and system
equality and inequality constraints.

The increasing public awareness of environmental
protection and the passage of the U.S clean air act
amendments of 1990 have forced utilities to modify
their design or operational strategies to reduce
pollution and atmospheric emission of thermal power
plants, Abido, 2001.

Strategies as switching to lower emission fuels or
installation of pollutant clearing equipment requires
considerable capital outlay, while considering
emission as a constraint to be satisfied in EPD
problem solution, or minimization of emission side by
side with fuel cost requires modifying existing
dispatching programs to include emission ,Talaq et al,
1994. During recent years the last idea received much
attention due to development of a number of multi-
objective techniques.

Linearly combined fuel cost and the amount of
emission as a weighted sum convert the multi-
objective EEPD problem to a single-objective
optimization problem, Perez-Guerrero, 2005. By
varying the weights a set of potential solutions Pareto-
optimal set were found, unfortunately this requires
many runs as many as number of Pareto-front
individuals to form the Pareto-optimal solutions as
well as the diversity of Pareto-optimal set along
Pareto-front depend on the diversity of the weights.
Alternatively, many attempts to solve the EEPD were
done by handling emission minimization as another
objective function using stochastic multi-objective
approaches. M. Abido used NSGA ,Abido, 2001,
NPGA ,Abido, 2003a and SPEA Abido, 2003 to
solve EEPD problem and obtained the better results
using SPEA, although T.F. Robert, King et al, 2004,
and S. Agrawal ,Agrawal et al, 2008 obtains a better

results less fuel cost than SPEA using NSGA-II,
FCPSO respectively but the corresponding emission
amount increased due to conflicting objectives. An
extensive evaluation may be done by inserting a real
penalty price factor the tax legislated to calculate the
overall cost and helping to state the better solution.
SPEA2 which is used in this paper is the improved
version of SPEA to solve the multi-objective EEPD
problem, SPEA2 uses an archive to store the non-
dominated individuals, fitness assignment which takes
into account both dominated and dominating other
individuals and archive truncation to maintain a
constant archive size with good diversity ,Zitzler et
al, 2001. A fuzzy-based mechanism is used to extract
a Pareto-optimal solution as the best compromise
solution. Two test systems were used to compare and
state the superiority SPEA2 with other multi-objective
approaches.

2. PROBLEM FORMULATION

The EEPD, involves the simultaneous optimization
of fuel cost and emission amount as multi-objective
conflicting problem, is generally formulated as
follows.

2.1 Problem’s Objectives

1. Minimization of fuel cost: The generator
consumption fuel cost curves are represented by
quadratic functions where the total consumed fuel cost
F(PG) in ($/h) can be expressed as

F(Pg) = Xioy a; + biPg; + c;Pg;” 1)
Where n is the number of generators, a;, b;, and c; are
cost coefficients of the i generator, and Pg; is the
real power output of the i generator ,Abido, 2001.

2. Minimization of emission amount: The total
emission E(PG) in (ton/h) of atmospheric pollutants
such as sulfur oxides SO, or nitrogen oxides NOy

caused by fossil-fueled thermal generating units may
be expressed as ,Perez-Guerrero, 2005.
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E(P;) = YLy aiPsi® + BiPsi + Vi 2
Or
E(Pg) = ¥y a; + BiPei + viPei® + iexp(A;Pg;)(3)

Where a;, B;, v;, {; and A; are i generator emission
coefficients and Pg is the vector of real power outputs
of system generators so,

Ps=[Pc1,Pc2 ---JDGn]T (4)

2.2 Problem’s Constraints

1. Generator capacity constraints: The real power
output of each generator is restricted by the lower and
upper limits as follows:

PGiminSPGiSPGimax f0r=],2, ...n (5)
2. Power balance constraint: The total generated real
power should exactly cover the total demand PD and
real power loss in transmission lines PL as follows,
Abido, 2001,

Y*Ps;—PD—PL=0 (6)

2.3 The EEPD Problem Formulations
The EEPD problem is formulated as:

Minimize [ F(Pg), E(Pg) ]

Subject to:

9(PG) =0 (equality constraint)
h(PG)<0 (inequality constraint)

The real power loss in transmission lines PL can be
considered as another objective function which needs
to be minimized, Abido, 2001.

3. MULTI-OBJECTIVE OPTIMIZATION
3.1 Basic Concepts

Multi-objective optimization (MOP) to several
objective functions (which are often competing and
conflicting objectives) simultaneously obtains a set of
optimal solutions (instead of one solution) since none
of them are considered better with respect to all
objectives. The MOP to N, objective function can be
formulated as ,Abraham et al, 2005:
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Minimize [ f,(X),f2(0), ..., fuobi(¥)]

Subject to the m equality constraints:

0i(x)=0, fori=1,2,....m (7.2)
And the p inequality constraints:
hi(x) <0, fori=12,..p (7.b)

Where X = [X;,X2,.X,]" is the vector of decision
variables. The Pareto-optimality is explained as
follows: a vector x* € F is Pareto-optimal if for
every other vector x € F

fix*) < fix)
fi(x*) <fi(x)

for all and

for at least one j .

i:],Z, ---,Nobj

Where F is the feasible set (its elements satisfy EQs.
(7.a) and (7.b), the vector x* is called non-dominated
since there is no such x which dominate it, all non-
dominated solutions (vectors) forms Pareto-optimal
set.

3.2 The Strength Pareto Evolutionary
Algorithm 2 (SPEA2)

E. Zitzler, M. Laumanns, and L. Thiele, had
developed SPEA in 1999 ,Zitzler and Thiele, 1999, yet
in 2001 they published SPEA2 ,Zitzler et al, 2001 as
enhancement version, by fixing (improving) the
potential weakness in fitness assignment, density
estimation and archive truncation. Like the earlier
SPEA, SPEA?2 has external archive to store non-
dominated individual and only these individuals form
the mating pool. The SPEA2 has an overall algorithm
as follow:

Stepl: Initialization: Generate an initial population Py
and create the empty archive (external set) P, =@; Set
t=0.

Step 2: Fitness assignment: Calculate fitness values
of individuals in P; and P;, each individual i in the
archive P, and the population P; is assigned a strength
value S(i), representing the number of solutions
(individuals) which it dominates:

S =1{lj € (P + PN > j} (8)
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Where || denotes the cardinality of a set (the number
of elements in a set), + stands for multi-set union, >
corresponds to Pareto dominance relation (i > j refers
to that individual i which dominates individual j) and
ij € P +P,.

On the basis of the S values, the raw fitness is
determined by the strengths of its dominators in both
archive and population, The raw fitness R(i) of an
individual i is calculated:

R() = Yjcag+ig,j>iSU) 9)

Since the non-dominated individuals would have the
same raw fitness value R(i)=0, while a high R(i) value
means that individual i is dominated by many
individuals. Therefore additional density information
is incorporated to discriminate between individuals
having identical raw fitness values. The density
estimation technique used in SPEA2 is an adaptation
of the k™ nearest neighbor method ,Zitzler et al, 2001,
for each individual i the distances (in objective space)
to all other individuals j in archive and population are
calculated and stored in a list. After sorting the list in
ascending order, the k™ element gives the distance
sought. As a common setting, k equal to the square

root of the entire population size = VN + N . Where
N is a population (P, size and N is an archive (P;)
size.

The distance between the individuals i an k is
denoted as o*;. Density D(i) corresponding to i is
defined by

N1
D) = 5 (10)
By adding D(i) to the raw fitness value R(i) of an
individual i yields its fitness F(i):
F(@i)=R(i)+D(i) (11)
Step 3: Environmental selection: Copy all non-
dominated individuals in P;and P; to P.,. If size of
P.1 exceeds N then reduce P.; by means of the
modified truncation operator, so, at each iteration the
individual i which has the minimum distance to
another individual j and o*; < o*; is chosen for
removal; otherwise if size of P, is less than N then
fill P,.; with dominated individuals in P, and P, by
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sorting the multi-set P, + P, according to the fitness
values and copy the first N — |P, + 1| individuals i
with F(i) > 1 from the resulting ordered list to Py.;.
Step4: Termination: If t = T (maximum number of
generations) then stop.

Step5: Mating selection: Perform binary tournament
selection with replacement on Py, in order to fill the
mating pool.

Step6: Variation: Apply recombination and mutation
operators to the mating pool and set P.; to the
resulting population. Increment generation counter (t
=t+ 1) and go to step 2.

3.3 Real-Valued (Coded) Genetic Algorithm

The calculations of objective functions many times
in the process of the simulation computer program
make coding and decoding individuals from and to
binary-coded time consuming as well as coding one
individual of 3-unit system having the same accuracy
obtained in real-valued string needs 3x20 bits, since
there are 3 variables of P¢ and each variable needs at
least 4 digits of 0, 1, assuming the population size is 5.
Therefore the genetic algorithm string is represented
in a vector of real-valued of power outputs of system
generators as:

P=[Pc1,Pcz ... Pen]"

1. Recombination (crossover): A blending crossover
operator has been employed. This operator recombines
the i" parameter (gene) values of individuals X, y
(selected for recombination), the offspring appear as
follows:

X = [X1, X2 0, Xpy Yiw1s - Yl

y= [yll Y2, '--:y£, Xit+1, ...,xn]

Where the offspring are:
Xi'= Xit+ B(vi- Xi)
Yi'=Yi - Bi- Xi)

And £ is a randomly generated number between 0 and
1.

2. Mutation: a non-uniform mutation operator is
employed in this study ,Michalewicz, 1996, the new
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value x;" of the parameter x; after mutation at
generation t is given as:
xi"
_xi + A, P — x;)if random binary digit is 0
g = A X — Pl-mi")if random binary digit is 1
(12)

t
Aty) =y (1-rand® ") (13)

Due to the imprecise nature of the decision maker’s
judgment, the i" objective function of a solution in the
Pareto-optimal set Fi is represented by a membership
function y; which is a Z-function asymmetrical
polynomial curve, defining by:

1 Fi < Fimm
F{M%—F; min . max
i = max_ . min E; < Fi <Fi
F; —-F;
0 Fi > Fimax

(14)

Where F,"™** and F,™" are the maximum and
minimum values of the i™ objective function,
respectively.

For each non-dominated solution h, the normalized

membership function " is calculated as:

Nobj h
h — Zi:l Aui. 15
,Ll Z%:1Z§V:olbjﬂih ( )
Whereas M is the number of non-dominated

solutions. The best compromise solution is the one
having the maximum value of p". By arranging all
solutions in Pareto-optimal set in descending order
according to their membership function will provide
the decision maker with a priority list of non-
dominated solutions. This will guide the decision
maker in view of the current operating conditions. The
implementation flow chart of the proposed approach is
shown in Fig.1
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Where rand is a random number generator between
(0,2), t is iteration index, T is maximum number of
iterations and b=5 ,Michalewicz, 1996.

3.4 Best Compromise Solution

The solutions obtained for best (minimal) fuel cost
and for best (minimal) emission amount were giving
an image about the optimized objective functions, but
in order to adopt one solution as the best compromise
solution to the decision maker’s judgment, the
proposed approach presents a fuzzy-based mechanism
to extract a Pareto-optimal solution as the best
compromise solution ,Abido, 2003.
4. IMPLEMENTATION OF THE

PROPOSED METHOD
To satisfy the problem constraints, the following steps
had been made:
(@ The initial population is generated within a
capacity limit of each generator as well as the
recombination and mutated elements are as follows:
PGi = (PGimax - PGian) * rand + PGimln (16)
Whereas rand is a random number generator between
(0, 1).
(b) The power balance constraint is satisfied as
follows, the traditional B-matrix loss formula is used
to calculate the real power transmission loss

PL = ¥i=1 Xj=1Pgi BijPgj + Xi=1 BioPsi + Boo

(17)
By choosing the r" unit randomly, it’s assumed that
the r™ reference unit power output is responsible of
bucking up the remaining load after the other (n-1)
units have been assigned theirs output power,
PGT =PD+PL—Z?=1PG1

L#T

Rewriting eq. (18) in order to form a polynomial with
Per is the variable as follows:

(18)

PL = aP;? + bPg, + c (19)
Where a ,b, and c represent parameters depending on
the B-matrix coefficients of the power loss equation of
the test system used and on the powers of the (n-1)
generators.

Substituting PL from Eq. (19) in Eq. (18), yields
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aPg? 4+ (b —1)Pg, + <c + PD — z?zlpcl) =0
i#r
(20)

The roots of the eq. (20) represent the value of Pg,
satisfying equality constraint, if neither roots located
within unit power capacity limit, other generator is
randomly chosen as r' reference unit also, if all units
were filed to backup the remaining load another
individual is generated randomly to replace this one.
After recombination and mutation process each
individual is checked for equality constraint violation,
it is worth to mention that this process works as
another mutation operator. Since, it may vary the
value of one gene (generating unit) to achieve equality
constraint satisfaction, or it may be the reason of
destroying the recombination operator process (if the
recombination gene is chosen to be the first or the last
in the individual string).

(c) Archive truncation modification
By formulating (a distance matrix) with size [Py, X
P..1], this matrix contains each possible pair of two
individuals in archive set P.; (before truncation
process), reducing the dependency on the k™ nearest
neighbor method, the process is as follows:

Stepl: form the distance matrix, calculating the
distance ai]- between each pair of non-dominated
individuals (i,j) in multi-objective space.

Step2: searching the matrix for smallest element aij
(represents the minimum distance between any two
individuals i,j) .

Step3: If o*; < o}, individual i would be eliminated
from archive and its row and column would be
eliminated too, else the individual j is chosen for
elimination and the size of Py, and distance matrix
reduced by one.

Step4: If Py, = N then stop, else go to step 2.

5. RESULTS AND DISCUSSION

In this research two systems were adopted in order
to investigate the effectiveness and applicability of the
proposed method, several simulations runs were done
for each test and an identical population and archive
sizes were used ,Zitzler et al, 2001, the parameters
used for all cases are as follows: 200 individuals for
each population size and archive size for case (1) and
100 individuals for each population size and archive

A Modified Strength Pareto Evolutionary Algorithm 2
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size for case (2) and the simulations were run for 1000
generations, crossover and mutation probabilities were
1(100%) and 0.01 respectively.
Case (1): Three Generating Units System

The three generators test system whose data are
given in Tables 1, 2 and 3 ,King, 2003, the system
demand is 850 MW, and the system transmission
losses are calculated using a simplified loss expression
,King, 2003:
PL = 0.00003P;,%+0.00009P,,2+0.00012P, 5

(21)

The coefficients of eq. (19) are
a=B,b=0 and c=Y_,¥}_; Pg; B;;Ps;
T i#r
It is important to maintain that the cross-point in the
proposed approach applied to solve this test system is
fixed in the second gene (second generating unit
position) to grantee new individuals generated next

population.

Test (1): Fuel Cost and SO, Emission Obijective
Functions:

In this test fuel cost with SO, emission were taken

as objective functions to be minimized, Tables 4, 5,
and 6 show the simulation results obtained in one run
for best (minimum) fuel cost, minimum emission and
best compromise solution in the Pareto front
respectively, as compared toTABU search and NSGA-
11, while the Pareto-front were plotted in Fig. 2.
Table 4 shows a reduction in the consumption fuel
cost by more than 100 $ per year than the results
obtained by NSGA-II approach. While, Table 5 shows
a reduction in SO, harmful emission by 5.6 ton per
year than the results obtained by NSGA-II approach
for this small system.

The minimum fuel cost and minimum emission
solutions were drawn against generations (iterations)
in Fig. 3. The average simulation run time for this test
is 550 second.

The convergence of non-dominated solutions to the
true Pareto-optimal front region was done in early
stages of the search process (20-30 % of the maximum
generations limit), as shown in Fig. 3, the later stages
is for convergence to the exact solutions (fine tuning).

Test (2): Fuel Cost and NOx Emission Objective
Functions:
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In this test fuel cost with NOx were taken as
objective functions to be minimized, Tables 7, 8, and
9 shows the simulation results obtained in one run as
compared to TABU search and NSGA-II, while the
Pareto-front was plotted in Fig. 4. The average
simulation run time for this test is 550 second.

Test (3): Fuel Cost, SO2 Emission and NOx Emission
objective functions:

In this test fuel cost with SO, emission and NOx
emission were taken as objective functions to be
minimized Tables 10, and 11 shows the simulation
results obtained in one run as compared to NSGA-II,
while the Pareto-front was plotted in Fig. 5. The
average simulation run time for the test is 780 second.

Although NSGA-I1I is a new powerful multi-objective
technique, the results in the previous tables show that
SPEA 2 gave not only better results but also with less
population size and less maximum generations
number, NSGA-II has population size 500 individuals
and was run for 20000 generation ,King, 2003.

Case (2): Six Generating Units System

The standard 30-bus IEEE test system with 6-
generating units, King, 2004 is used with load demand
2.834 p.u. (100 MW power base), since this system
has been already solved and validated by several
multi-objective  optimization  techniques  the
comparison of SPEA2 with such techniques can show
the potential of the proposed method, system data
listed in Tables 12, and 13.

Test (1): Fuel Cost and Emission Objective Functions
(Real Power Transmission Loss is neglected):

In this test, fuel cost with harm emission were taken
as objective functions to be minimized, the system is
considered as lossless and the equality constraint is as
follows:

Y7 P —PD =0

Tables 14, 15, and 16 show the simulation results
obtained in one run as compared to other approaches,
while the Pareto-Optimal front was plotted in Figure
6. The average simulation run time for the test is 70
second.

The minimum fuel cost and minimum emission
solutions were drawn against generations (iterations)
in Fig. 7.
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The results obtained in Tables 14 and 15 are clearly
demonstrated the superior of SPEA 2 over other multi-
objective GA methods and also over the new multi-
objective-PSO approach (FCPSO) with reduction in
consumption fuel cost more than 190 $ per year than
FCPSO approach (table IXV), also the fuel cost
corresponding to minimum emission in table XV is
less than the fuel cost corresponding to minimum
emission FCPSO approach.

Test (2): Fuel Cost and Emission objective functions
(transmission loss is included):

The exact value of the system losses can only be
determined by means of a power flow solution, but in
this research the B-coefficient matrix from, Perez-
Guerrero, 2005 is used:

By
][ 01382 002299 0.0044 —0.0022 —0.0010 —0.0008
—0.0299  0.0487 —0.0025 0.0004 0.0016  0.0041

_| 0.0044 —0.0025 0.0182 —0.0070 —0.0066 —0.0066

~|-0.0022 0.0004 —0.0070 00137 0.0050  0.0033
—0.0010  0.0016 —0.0066 0.0050  0.0109  0.0005
—0.0008 0.0041 —0.0066 0.0033  0.0005  0.0244

Bi,=[(-0.0107 0.0060 -0.0017 0.0009 0.0002 0.0030)]
B,, = 9.8573 x 10™*

the coefficient of eq. (19) is

a = BTT‘ , b = ?21 PGi BiT + 2?21 BT]PG] + Bro

i#r jET

and ¢ =Xi_4 Xj=1 Pgi BijPgj + Xi=1Bio Pgj + Boo

i#r  j#r i#r

Tables 17, 18, and 19 show the simulation results
obtained in one run as compared to other approaches,
while the Pareto-front was plotted in Fig. 8. The
average simulation run time for the test is 70 second.

Other researches use load flow solution approach to
determine the transmission loss instead of B-
coefficient matrix approach, the transmission loss
obtained by load flow solution depends on the
accuracy of the load flow solution such as in FCPSO
approach for example, while the accuracy of the
transmission loss obtained by the B-coefficient matrix
approach is within 0.25 % of the load demand, which
may be accepted when is taking into consideration the
computational time which is spent in load flow
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solution approach compared to those which is using B-
coefficient matrix approach.

Test (3) Fuel Cost, Emission and Transmission Loss
Obijective Functions:

In this test real power transmission loss, fuel cost
and harm emission were taken as objective functions
to be minimized, Table 20 shows the three objective
functions optimization results as compared with
reference ,Wang, 2008, results. While, Table 21
shows the best compromise solution. The Pareto-front
was plotted in Fig. 9. The average simulation run time
for the test is 90 second.

It is important to mention that the research in ,\Wang,

2008, neglects the linear coefficient Bio and the
constant coefficient Boo of the B-matrix used to
calculate the power loss PL then, in order to obtain a
good comparison results these coefficients are
neglected in the obtained results in this test only.
All the simulation results obtained in this research
were implemented on personal computer Pentium 4,
3.59 GHz with 1GB RAM using MATLAB version 7
programming language.

6. CONCLUSIONS

This paper presents multi-objective environmental/
economic power dispatch (EEPD) solutions using the
proposed Strength Pareto Evolutionary Algorithm 2
(SPEA2). The proposed method has a diversity-
preserving mechanism to find widely different Pareto-
optimal solutions. A distance matrix technique is
implemented to provide the decision maker with
diverse and manageable Pareto-front without
destroying the shape and the boundary of the trade-off
front. Moreover, a Fuzzy-based mechanism is
employed to extract the best compromise solution over
the trade-off curve as in Fig. 1. The Fuzzy system
contains a fuzzy inference system, fuzzy controller
with a rule base, and a defuzzifier. A triangular
membership function is used. The results show that
the proposed method is efficient for solving multi-
objectives optimization whereas multiple Pareto-
optimal solutions can be found in one simulation run.
The simulation results of all the tests which were done
reveal that SPEA2 presents low computational time
(less population size and less generations) and is
suitable for on-line EEPD solutions. The proposed
method has reliable convergence, high accuracy of
solution, and better results than other multi-objective

A Modified Strength Pareto Evolutionary Algorithm 2
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optimization techniques with good Pareto-front
diversity regardless of the number of objective
functions used.
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Table 1. Fuel cost coefficients.
Unit i aij bi Ci PGimm (MW) PGimax (MW)
1 561 7.92 0.001562 150 600
2 310 7.85 0.00194 100 400
3 78 7.97 0.00482 50 200
Table 2. SO, (Sulfur oxide) emission coefficients.
Unit i aiN ﬁIN 7|N
1 1.4721848e-7 -9.4868099e-5 0.04373254
2 3.0207577e-7 -9.7252878e-5 0.055821713
3 1.9338531e-6 -3.5373734e-4 0.027731524
Table 3. NOx (Nitrogen Oxides) Emission Coefficients.
Unlt | aiN ,BiN )’iN
1 1.4721848e-7 -9.4868099%¢e-5 0.04373254
2 3.0207577e-7 -9.7252878e-5 0.055821713
3 1.9338531e-6 -3.5373734e-4 0.027731524

113



http://ieeexplore.ieee.org.connector.ivsl.org/xpl/RecentCon.jsp?punumber=9096
http://ieeexplore.ieee.org.connector.ivsl.org/xpl/RecentCon.jsp?punumber=9096
http://www.sciencedirect.com.connector.ivsl.org/science?_ob=ArticleURL&_udi=B6V30-4S0RC3R-1&_user=4338261&_coverDate=08%2F31%2F2008&_alid=808256649&_rdoc=1&_fmt=high&_orig=search&_cdi=5716&_sort=d&_docanchor=&view=c&_ct=1&_acct=C000062884&_version=1&_urlVersion=0&_userid=4338261&md5=97cee149e154a0e921dbec037c6cb68e
http://www.sciencedirect.com.connector.ivsl.org/science?_ob=ArticleURL&_udi=B6V30-4S0RC3R-1&_user=4338261&_coverDate=08%2F31%2F2008&_alid=808256649&_rdoc=1&_fmt=high&_orig=search&_cdi=5716&_sort=d&_docanchor=&view=c&_ct=1&_acct=C000062884&_version=1&_urlVersion=0&_userid=4338261&md5=97cee149e154a0e921dbec037c6cb68e
http://www.sciencedirect.com.connector.ivsl.org/science?_ob=ArticleURL&_udi=B6V30-4S0RC3R-1&_user=4338261&_coverDate=08%2F31%2F2008&_alid=808256649&_rdoc=1&_fmt=high&_orig=search&_cdi=5716&_sort=d&_docanchor=&view=c&_ct=1&_acct=C000062884&_version=1&_urlVersion=0&_userid=4338261&md5=97cee149e154a0e921dbec037c6cb68e

Hassan Abdullah Kubba

A Modified Strength Pareto Evolutionary Algorithm 2

Saif Sabah Sami based Environmental /Economic Power Dispatch
Table 4. Best fuel cost.
.. TABU search NSGA-II
Al ) (King, 2003) (King, 2003) SHEAZ
Po1 435.69 436.366 435.2538
Pa2 298.828 298.187 299.6112
Pgs 131.28 131.228 130.9553
Losses(MW) 15.798 15.781 15.8203
Fuel cost($/h) 8344.598 8344.606 8344.5935
Emission (ton/h) 9.02146 9.02083 9.0219
Table 5. Best SO, emission.
.. TABU search NSGA-II
SN, (King, 2003) (King, 2003) SHEAZ
Po1 549.247 541.308 551.4131
Ps2 234.582 223.249 219.9989
Pgs 81.893 99.919 93.10592
Losses(MW) 15.722 14.476 14.5179
Fuel cost($/h) 8403.485 8387.518 8395.8514
Emission(ton/h) 8.974 8.96655 8.9659
Table 6. Best compromise solution.
- NSGA-II
Unit i (MW) (King, 2003) SPEA2
Po1 485.886 493.2324
Pe2 263.67 259.8824
Pas3 115.381 111.7609
Losses(MW) 14.937 14.8757
Fuel cost($/h) 8354.419 8357.442
Emission(ton/h) 8.98383 8.9801
Table 7. Best fuel cost.
. TABU search NSGA-II
S () (King, 2003) (King, 2003) SPIE
Pc1 435.69 435.885 435.2475
Pe2 298.828 299.989 299.751
Pas 131.28 129.951 130.8251
Losses(MW) 15.798 15.826 15.8236
Fuel cost ($/h) 8344.598 8344.598 8344.593
Emission(ton/h) 0.09863 0.09860 0.098694

114




@) Number 3 - March Volume 20 2014 Journal of Engineering
Table 8. Best NOx emission.
.- TABU search NSGA-II
S0E0 () (King, 2003) (King, 2003) SIS
Ps1 502.914 505.810 508.1853
Ps2 254.294 252.951 250.7858
Pgs 108.592 106.023 105.7796
Losses(MW) 15.8 14.784 14.7507
Fuel cost($/h) 8371.143 8363.627 8364.8956
Emission(ton/h) 0.0958 0.09593 0.095924
Table 9. Best compromise solution.
_ NSGA-II
Unit i (MW) (King, 2003) SPEA2
Ps1 470.957 464.4353
Ps2 280.663 286.072
Pss 113.675 114.9137
Losses (MW) 15.294 15.421
Fuel cost($/h) 8349.722 8348.1913
Emission(ton/h) 0.09654 0.096768

Table 10. Comparison of results for three objective functions.

Best fuel cost Best SO, emission Best NOx emission
Unit i (MW) NSGA-11 NSGA-II NSGA-II

(King, 2003) | SPFA% | (King, 2003) | SPEA? | (King, 2003) | SPEA?

Per 431.68 43373 538.53 552.05 508.37 508.57

Pes 302.93 300.86 227.82 219.62 250.44 250.48

Pes 131.31 131.26 98.185 92.857 105.93 105.70

Losses (MW) 15.919 15.858 14528 14518 14.745 14.747

Fuel cost ($/h) 8344.65 8344.6 8385.1 8396.4 8364.9 8365.1

SO, Emission 9.0254 0.0234 | 89667 8.9659 8.9737 8.9737
(ton/h)

NOx Emission 0.0989 0.0988 0.0963 0.0968 0.0959 0.0959
(ton/h)
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Table 11. Best compromise solution for three objective functions.

Unit i (MW) NSGA-II (King, 2003) SPEA?2
Pa1 496.328 492.5533
Pc2 260.426 259.9366
Pcs 108.144 112.3851
Losses (MW) 14.898 14.8749
Fuel cost ($/h) 8358.896 8357.1467
SO, emission (ton/h) 8.97870 8.9804
NOx emission (ton/h) 0.09599 0.096076

Table 12. Fuel cost coefficients.

Unit i ai bi Ci Pai"" (p.u.) Pai" (p.u.)
1 10 200 100 0.05 0.5
2 10 150 120 0.05 0.6
3 20 180 40 0.05 1.0
4 10 100 60 0.05 12
5 20 180 40 0.05 1.0
6 10 150 100 0.05 0.6

Table 13. Emission coefficients.

Unit i ai pi vi Iz Ji
1 4.091e-2 -5.554e-2 6.490e-2 2.0e-4 2.857
2 2.543¢-2 -6.047e-2 5.638e-2 5.0e-4 3.333
3 4.258e-2 .5.094e-2 4.5866-2 1.0e-6 8.000
4 5.326e-2 -3.550e-2 3.380e-2 2.0e-3 2.000
5 4.258e-2 '5.094e-2 4.586e-2 1.0e-6 8.000
6 6.131e-2 -5.555¢-2 5.151e-2 1.0e5 6.667
Table 14. Best fuel cost.
it () NPGA SPEA NSGA-II FCPSO SPEA
o (Abido, 2003a) | (Abido, 2003) | (King, 2004) | (Agrawal, 2008)
Po1 0.1080 0.1062 0.1059 0.1070 0.10978
Pcy 0.3284 0.2897 0.3177 0.2897 0.2993
Pcs 0.5386 0.5289 0.5216 0.525 0.52433
Pcs 1.0067 1.0025 1.0146 1.015 1.0162
Pos 0.4949 0.5402 0.5159 0.530 0.52457
Pcs 0.3574 0.3664 0.3583 0.3673 0.35981
F“(e;/ﬁ)‘m 600.259 600.15 600.155 600.131 600.109
Emission 0.22116 0.2215 0.22188 0.2223 0.22215
(ton/h)
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Unit i (p.u.) P SPEA NSGA-II — SPEA2
(Abido, 2003a) | (Abido, 2003) | (King, 2004) | (Agrawal, 2008)
Por 0.4002 0.4116 0.4074 0.4097 0.40607
Pcs 0.4474 0.4532 0.4577 0.455 0.45898
Pes 0.5166 0.5329 0.5389 0.5363 0.53785
Pcs 0.3688 0.3832 0.3837 0.3842 0.38308
Pos 0.5751 0.5383 0.5352 0.5348 0.53785
Pes 0.5259 0.5148 0.5110 0.514 0.51017
Emission 0.19433 0.1942 0.1942 0.1942 0.1942
(ton/h)
F“&!/ﬁ)"“ 630.182 638.51 638.269 638.357 638.264
Table 16. Best compromise solution.
n NPGA SPEA
LRI {00, (Abido, 2003a) (Abido, 2003) SPIERZ
Po1 0.2696 0.2785 0.11044
Pcy 0.3673 0.3764 0.30004
Pcs 0.5594 0.5300 0.52349
Pcs 0.6496 0.6931 1.0159
Pos 0.5396 0.5406 0.52406
Pce 0.4486 0.4153 0.36009
Fuel Cost(3/h) 612.127 610.254 600.1115
Emission(ton/h) 0.19941 0.2005 0.22209
Table 17. Best fuel cost.
— NPGA SPEA NSGA-II FCPSO
Uniti (0:U) | (apido, 2003a) | (Abido, 2003) | (King, 2004) | (Agrawal, 2008) | " A2
Por 0.1245 0.1086 0.1182 0.1130 0.12048
Pes 0.2792 0.3056 0.3148 0.3145 0.28649
Pcs 0.6284 0.5818 0.5910 0.5826 0.5822
Pca 1.0264 0.9846 0.9710 0.9860 0.99335
Pos 0.4693 0.5288 0.5172 0.5264 0.5248
Pco 0.3993 0.3584 0.3548 0.3450 0.3523
F“(e;/ﬁ)o“ 608.147 607.807 607.801 607.786 605.998
Emission 0.22364 0.22015 0.21891 0.2201 0.22076
(ton/h)
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Table 18. Best emission.

Uniti (p.u.) !\IPGA _SPEA l\_lSGA-II FCPSO SPEA?
o (Abido, 2003a) | (Abido, 2003) | (King, 2004) | (Agrawal, 2008)
Pc1 0.3923 0.4043 0.4141 0.4063 0.41072
Pa2 0.4700 0.4525 0.4602 0.4586 0.46356
Pcs 0.5565 0.5525 0.5429 0.5510 0.54474
Pca 0.3695 0.4079 0.4011 0.4084 0.39033
Pes 0.5599 0.5468 0.5422 0.5432 0.54446
Pcs 0.5163 0.5005 0.5045 0.4974 0.5155
Emission 0.19422 0.19422 0.19419 0.1942 0.19418
(ton/h)
I:ug/(h:)OSt 645.984 642.603 644.133 642.896 646.190
Table 19. Best compromise solution.
. NPGA SPEA
S () (Abido, 2003a) (Abido, 2003) SPER
Pc1 0.2227 0.2594 0.12048
Pc2 0.3787 0.3848 0.28649
Pcs 0.5560 0.5645 0.5822
P4 0.7147 0.7030 0.99335
Pos 0.5500 0.5431 0.5248
Pcs 0.4424 0.4091 0.3523
Fuel Cost ($/h) 615.097 616.069 605.9986
Emission (ton/h) 0.20207 0.20118 0.22076
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Table 20. Comparison of results of three objective functions optimization.

Minimum Fuel Cost Minimum Emission MlnlmumL'grSinsmlssmn
Unit i
MOPS MOPS
(p. u.) MOPS MOPS
SPEA2 (Wang, (Wang, SPEA2
(Wang, 2008) 2008) 2008) (Wang, 2008)
Per 0.1789 0.1115 0.3606 0.1789 0.1115 0.3606
Pes 0.2888 0.2906 0.4568 0.2888 0.2906 0.4568
Pcs 05776 0.5807 0.5100 05776 0.5807 0.5100
Pes 0.9388 0.9940 05184 0.9388 0.9940 05184
Pes 04973 0.5245 0.5598 04973 0.5245 0.5598
Pcs 0.3770 0.3556 0.4657 0.3770 0.3556 0.4657
Ifssze)s 0.0233 0.0231 0.0313 0.0233 0.0231 0.0313
F“g/ﬁ;’“ 606.54 605.42 633.70 606.54 605.42 633.70
Emission 0.2002 0.2209 0.1953 0.2002 0.2209 0.1953
(ton/h)

Table 21. Best compromise solution.

Uniti (p. u.) SPEA2
Po1 0.13811
Ps2 0.25129
Pgs 0.90012
Pca 0.60386
Pgs 0.56767
Pas 0.39051
Losses (p. u.) 0.017558
Fuel cost ($/h) 620.3921
Emission (ton/h) 0.21193
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Estimation of Some Mechanical Soil Properties from Static and Dynamic Plate
Load Tests
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ABSTRACT

When the depth of stressed soil is rather small, Plate Load Test (PLT) becomes the most
efficient test to estimate the soil properties for design purposes. Among these properties, modulus of
subgrade reaction is the most important one that usually employed in roads and concrete pavement
design. Two methods are available to perform PLT: static and dynamic methods. Static PLT is usually
adopted due to its simplicity and time saving to be performs in comparison with cyclic (dynamic)
method. The two methods are described in ASTM standard.

In this paper the effect of the test method used in PLT in estimation of some mechanical soil
properties was distinguished via a series of both test methods applied in a same site. The comparison of
the test results between both methods showed that the dynamic (cyclic) method gives lower values of
soil properties than the static one does.

Key words: Plate load test, modulus of subgrade reaction, dynamic, static.

eSsalially S dadaal) Juaad pand e LAl 43l Gailad ey (el
@ g Qlsle s
a0 busa (puyda

LAY

Al paibiad (paddl dllad Gasadl) HiS) dagiiall dpead and ey Liows J3l 3agaall 45l Bae (55 Leie
@l asliai 8 Jexian Lo sale g2lls anY) Y1 Jadl) 3y Jaelra iy (alloadll oda G Cray Aparanaill (e
i e Wlle s ASaalinl) ddlalls ASatiny) Adphll sdagial)l daesd gasd Slad Uiyl i, . Asbuall il
of Lale ¢(ASabinall) 4yysal) 6y Lally oy Lo 13) ciiglly 5 gill omjals il sguad dnall Juead (a8 A€00LY) 4ay,Ll)
(ASTM) alsally (anill 4K5a¥) Dunanl) Cilialge (& ()l pm ga (Ll

oand Liedd) il e dsdiall Jaead pasd el 8 Alexid) Akl EE e Copaill a3 Caadl e &
DA (e disall (i 8 i lall NS Jleninly dadial) Jueat (asnd (e Alulu chal DA e 80K L) (ailiad
AE (e Al ailaadd J81 a8 et (gyeall) (Spelind) (andl) Ak o s oy dall S agaidll miln A0l
SEEY) (andll Ayl e daliid)

124


mailto:alaalwn@yahoo.com

Hayder Alwan Mahdi Al-Zayadi

1. INTRODUCTION

Plate Load Test (PLT) is one of the tests that usually
performed in situ to estimate some of the soil
properties within shallow depths. The influenced
depth (depth of stressed soil) in this test depends
directly on the size of the plate used. This finding
comes from the fact of bulb of stress beneath any
loaded footing. Generally, the test can give an
accurate estimation of mechanical properties of
underneath soil in a range of about twice of plate
diameter, ASTM D1194, 2012. However, the
following empirical relation that given by, Bowels,
1988 may be used to explorate load-test results to
full size footings in cohesionless (sandy) soils:

Bfooting
qult. - qplate( Bp|ate J

Where,

Qui. = ultimate bearing capacity of the soil

under footing.

Qplate. = Ultimate bearing capacity from PLT.

Brooting = footing width.

Bpiate = plate diameter.
On the other hand, for clay soils, since it is
common to note that the BN, term is zero, so
that it is concluded that gy Is independent of
footing size, i.e.:

)

qult. = qplate (2)

Several soil properties can be predicted
from PLT such as modulus of subgrade reaction,
modulus of deformation, rebound (elastic) and
residual (plastic) settlement as well as allowable
bearing capacity.

PLT may have static and dynamic features.
Static PLT is the conventional test and used widely
through the world. ASTM D1194, 2012, standard
test method may be used to perform this test
sufficiently. Dynamic PLT may be subdivided into
two categories: impact and cyclic PLT. The former
can be executed according to the test method
specified in, ASTM D1195, 2012. This test is
conducted using the same apparatus used in static

Estimation of Some Mechanical Soil Properties from
Static and Dynamic Plate Load Test
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test. The only difference is in applying incremental
pressure as will be detailed hereafter. Impact PLT
can be performed according to German specification
TP BF-StB part B 8.3, Technical Test Provisions of
Soil and Rock in Road Construction, 2003 using the
Light Falling Weight Device (LFWD). The
apparatus of this technique is shown in Fig.1.

Adam and Adam, 2003, suggested a
simple and efficient mechanical model of the
dynamic load plate test with the LFWD to allow the
numerical simulations of the test. The motion of the
device is characterized by a mass-spring-dashpot
system as shown in Fig. 2. The mechanical
properties of the spring-damper element were
modeled as a Kelvin-Voigt body, i.e. a linear spring
with stiffness k, and a viscous damper with damping
coefficient, Adam and Adam, 2003.

A series of PLTs on a loam fill were carried
out by Matsuzawa et. al., 2006 via employing three
loading methods: static, cyclic and rapid (dynamic)
PLTs to estimate a static load-settlement relation
from the rapid PLT results. They aimed to minimize
the time consumed for assessment of mechanical
properties of the tested ground. The rapid (dynamic)
tests were conducted using the spring-hammer (SH)
load test method shown in Fig.3 which is essentially
a dynamic test method.

In this work, static and cyclic PLT methods
according to, ASTM D1194, 2012 and, ASTM
D1195, 2012 were adopted. A typical assembly for
conducting both static and cyclic load test is
illustrated in Fig.4.

2. EXPERIMENTAL WORKS

Four PLTs were carried out on 0.5 m
compacted subbase layer in the location of storage
tank and turbines at 2.0 below ground level in Al-
Haydaria Gas Power Plant. Two of these tests were
static tests and others were conducted near the
locations of the static tests adopting the cyclic
(repetitive) PLT method. The procedure of both
above methods can be seen in the following brief:
Static PLT method

As mentioned in the previous section,
ASTM D1194, 2012 is adopted to perform the
conventional static PLT. The test procedure can be
summarized as follows:
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1. Aload is applied on the plate of 305mm in
diameter and settlements are recorded from
a dial gage accurate to 0.0lmm. The load
increment was taken approximately one
fifth of the estimated bearing capacity of the
soil. Time intervals of loading were taken
one hour for all the load increments.

2. The test was continued until one of the
following is achieved:

(@) A total settlement of 25mm is obtained.
(b) The maximum soil bearing capacity is
reached.
(c) The capacity of the testing apparatus is
reached.
Cyclic (Repetitive) PLT method
On the other hand, ASTM D1195, 2012 is
taken a guide to execute cyclic (repetitive static)
PLT:

1. After the equipment has been properly
arranged, the total assembly (plate, jack and
loading column) is seated by quick
application and release of a load sufficient
to produce a deflection of not less than
0.25mm or more than 0.50mm. After This
release, the plate is reseated by applying
one half of the recorded load that produced
(0.25-0.50) mm. When the dial needle has
again some to rest it is set accurately to its
zero mark.

2. A load giving a deflection of about 1.0 mm
is applied and maintained approximately
constant until the rate of deflection is 0.03
mm/min. or less for three successive
minutes. Then the load is completely
released and the rebound is observed until
the rate of recovery is 0.03 mm/min. or less
for three successive minutes.

3. The load application and release is repeated
in the same manner six times. The reading
of dial gage resting on the bearing plate just
before the application and release of load
for each repetition is recorded.

4. The load is increased to give a deflection of
about 5.0 mm and the procedure given in
(2) and (3) above is repeated. Similarly, the
method of load application and release is
conducted for load increment giving more
deflection or until the load capacity of
testing apparatus or the maximum bearing
capacity of the soil is reached. Keeping in
mind that the standard end point of each
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loading or release in each repetition for
each load increment is 0.03 mm/min. or less
for three successive minutes.

3. RESULTS AND DISCUSSION

The plots of applied load against the
corresponding plate settlement are given in Figs. 5 -
8.

For the nonrepetitive plate load test, the
following procedure is followed to predict
coefficient of subgrade reaction and the modulus of
deformation (Young modulus):

(@) The yield point, see Fig.9, is obtained at
intersection of the straight lines tangent to
load-settlement curve from which the
ultimate applied load (Py) in kN is

assessed.
(b) Calculate the allowable applied load (P) in
kN from:
P
P — ult 3
all FS ( )

Where, F.S = Factor of safety usually taken 2.5.
(c) Read & which is the corrected settlement
corresponding to applied load.

& = observed settlement - &, (@)
Where, 6, = to be estimated by backward
projection of arithmetic load-settlement curve to
zero load.

(d) Calculate Coefficient of subgrade reaction

Ks as:

Ks = P in kN/m® (5)
AS

Where, A, = area of plate used in the test in
meters.
o = the corrected settlement at the Py,

(e) Calculate the modulus of deformation
(Young modulus) E from, UFC, 2005:

E~15xR, xK (6)

Where R, is the radius of the plate used.

The results of the nonrepetitive plate load
tests can be seen in Table 1.

For the repetitive plate load test which has a
different feature compared with the nonrepetitive
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test, the final settlement and rebound of each load
increment after six cycles of loading and unloading
is recorded. The test includes inducing a settlement
and keeping the load produced this settlement
constant and recording the observed settlement.
Then the load is vanished and the rebound
settlement is recorded. This cycle of loading
unloading is repeated six times. For each load
increment an assessment of coefficient of subgrade
reaction and modulus of deformation can be made
adopting the final observed settlement.

The results of the repetitive plate load tests can be
seen in Table 2 and Table 3.

It is clear that repetitive PLT method gave
lowest values of soil properties (modulus of
subgrade reaction and modulus of deformation).
This may be attributed the effect of cyclic (or
hysteresis) stress loop that causes a continuous
rearrangement of the skeleton of soil particles. In
other words, the strain energy that expected to be
stored in the soil skeleton was dissipated due to soil
particle rearrangement. This finding may has an
importance in practice of machine foundation
problem in which cyclic (or repetitive) loading is
expected.

4. CONCLUSIONS
The following conclusion can be drawn from this
study:

1. A considerable decrease in values of soil
properties (modulus of subgrade reaction
and modulus of deformation) was found
using the repetitive PLT in the same site
where the static PLT have been used.

2. Repetitive PLT is recommended in
prediction of soil properties when the
practice involve a fluctuated or repetitive
loading such as rotating machine foundation

Estimation of Some Mechanical Soil Properties from
Static and Dynamic Plate Load Test

or tanks subjected to cyclic operations of
filling and voiding.
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Tablel. Nonrepetitive plate load tests results.

_ _ Depth Modulus of_sub- Modulus_ of
No. | Point location m grade reaction, deformation,
Ks (kN/m%) E (MPa)
1 Storage Tanks 2 378462 86.6
2 Turbines 2 300000 68.6
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Table2. Repetitive plate load tests results.

No Point location D‘?ﬁth pr:)rgjctjréilng prtl)r(]j%ré%ng prcIJrgi?Jré?ng
. Immsett. | 5mmsett. | 10mm sett.
Load, kKN 20 92 125
1 | Storage tanks 2 Final sett. mm 1.16 6.5 9.7
Rebound mm 1.02 6.1 7.8
Load, kKN 10 30 40
2 Turbines 2 Final sett. mm 4.65 12.35 13.3
Rebound mm 3.87 11.05 11.20

Table3.Summery of repetitive plate load tests results.

Denth Modulus of sub- Modulus of
No. | Point location nﬁ) grade reaction, deformation,
Ks (kN/m?) E (MPa)
1 Storage tanks 2 43294 2.90
2 Turbines 2 2581 0.68
N[ handle
notching
attachment
/
falling weight - guiderod
) N electronic
spring-damper , measuring device
element
sphere~
load plate - ]

with sensor

Figure 1.Components of the light falling weight device (LFWD).
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Plate loading apparatus
The loading apparatus is consisted of the following parts:

1. Bearing plate:

Circular steel bearing plate 30 mm thickness and 305 mm
diameter is used.

2. Hydraulic jack:

Hydraulic jack capacity is 35 ton (350kN).

3. Settlement recording devices:

Dial gauge, capable of measuring settlement of the loaded
plate to an accuracy of 0.01 mm.

4. Reaction beam (chessiet of a full loaded truck).

5. Miscellaneous apparatus Includes.

5.1. Comprssion post

5.2. Reference beam steel stands

o L .-\ . \
Figure 4. Typical assembly of PLT apparatus.

) i
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Figure 5. Static plate load test results for a point in storage tanks area.
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Figure6. Static plate load test results for a point in turbine area.
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Figure?. Repetitive (dynamic) plate load test results for a point in storage tanks area.
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Figure8. Repetitive (dynamic) plate load test results for a point in turbine area.
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Figure 9. Method of calculation.

133



: il andl

Olgind)
Gal (b & pudaad) dinll S § AlGed) Balad) g o i)
RS g paal) anell) yuabind 5 yunal) el

O] e S s )0 0]

‘fq.uuj/ aud Q;JLC eluwis 0 P



Number 3 - March Volume 20 2014 Journal of Engineering

g paad) Slalail) (gad B Ay piaald) Al AN g AlSuel) Jalai¥) g ot

Sl g panl) gadl) jualie
el 2y g8 pluida o O] saa oS l.a o
%JLAM@A}AD\J}ESJ %JLAMZJJJ:\AD\JJSSJ
5 jlaall duria aud & Jbaxall anadll
i )5S0 Al 35 Rl / tigl 2

s daagl) Ladd

b g sl ad Lggiad il Gl clalial Vgl Glueally 32N Gl 4 sell Jead Aadd Jagadll calla,
Saiy Laa aal) 038 3 pualaall (aall clgii 1aa (a uSall Je (S5 Led Sl B8 Jead) (e IS (Al g el aall
Sy Sl Bl e damy s gl &5 Les g aall maill juabial Aplus¥) Glaall 3 b ale (a8
s AV el A G 55 DA e g (g panll il pualic aa lelalad 8 dpaatil] dun 5l 58 5 sall Cilga il
=SA el o Gl gpaal) madl) jaalial gpaal) dalall) gdad Jalsad maly jeal a9 ek
Culgil) (pusat ) GRESY g paat) ganail) jualind Ao giial) Jalad¥) 1 VIS Canll Ay i oan Lgiay L (ARl
graall dalal) (Ghadl Jaug gual ¢ padlly Juslilly agdll dogiia ACE clla Jaady Laaiaall cilildYls
- S balady) CA) ae Limdagay gl a) sl baladl CidES) e Llgadd

Gl JalSillycia il Ll il (5 paall o) eabial JalS Giiad il a i) CaSSau) S
sl Jaas G Ailiadl) Al Sl a5l Lalail g 535 e il sl o2 (DA 5 (28 sl JalS 5SS JalSE
DY) Bl 5 Caadl dgua i (g (BRI (o jals b paalaall Aaall (Sl a5 sl Jaai g Al Aaall (5 gl
@Méﬂ\@uﬂ\}Londonﬂﬁgpﬂ\@ud\M&J)MJBM%&QU&QQJ‘;&UM\LW;JH\
. New York

Leaal aa gall JSI) el (Giaty 5 JolSH Aaall Ay 98 () 1388 (8 (adlii Clalitin) de sene ) Canll Jua i
e dgsa e iy puaall s A lenal) W palic 3aad JUA e Y Ll (ania 4 3 W)l Jasd (s (g sl
Al ol 45 )l Jan Laiy dpalle 45 98 dinaall mie e duaill 4 3 )l Jand (i (A 05 uales Aaa ) 40l ¢ g
cdall allal) SLaBY) 6 Al 4ali 2 ) sall la) ana Lualle 5 Llae aal) 4y g8 (383 e

The Impact of VVarying of Structural & Formal Urban Types on
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ABSTRACT

Planning for a city with human identity considers the needs of human being that exist in the
traditional cities where it was so easy creating place there, on the other hand, modern cities
refuse these values and reduce the human characters of urban fabric elements , and the
searching for the concept of " Urban Coherence " considers the knowledge about urban
theory, especially Morphological attitudes finding three sides of making the coherence of
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dense urban fabric which are " Functional Complementarily , Formal Complementarily ,
Contextual Complementarily " and the differentiation of these sides within the variety of
spatial structural patterns between the organic type of traditional city and the gridiron type of

modern city . To approve the hypothesis of the research, the theoretical frame was
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